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HAYYHAS CMNELLUAABHOCTD
«TPAHCNAAHTOAOTUS

U UCKYCCTBEHHbIE OPTAHbI»:
HOBOE B NMOPAAKE
NPUCYXAEHUA

YYEHbIX CTEMEHEM

Inyboxoysascaemvle konneau!

Ilepeo Bamu 4-ii, nocieonuii 6
2020 200y, svinyck «Becmuuxay.
Tpaouyuonno mvl 6cnomunaem u
ommeuaem Haubonee 3HAUUMbIE
nyonuxayuuy, cooblmus U HayyHvle
pe3ynibmamol 200d. 3aKOHOMEPHO
U OYEBUOHO, YMO UCCLe008AHUA,
nocesujenHvie npobremam, c6s-
3AHHBIM C naHOemuell HO8OU KOpo-
HasupycHou ungexyuu COVID-19,
Haxoounucsy 8 ¢oxyce eceobuye2o
enumanus. Haw owcypnan ne cman
UCKTIOYeHUeM: 6 npedbloyujem,
mpemvem Homepe onyOIuUKO8aHbl
pe3yibmamul HAYUOHAILHO20 MHO20YEHMPOBO20
uccneoosanus «Pacnpocmpanennocmo u Ocoben-
Hocmu Knunuueckoeo meuenus KOPonasupycHnou
ungpexyuu y PELTUITHEHTo6 cepoya, nouku, ne-
yenuy (POKKOP-peyunuenm). B nacmosiuem 6vi-
nycke makoice nyOnuKylomes pabomsi, nocesueH-
Hble JIeYeHUlo PeYunueHmos COTUOHbIX OP2aHO8 8
yenosusx nandemuu COVID-19.

Oonaxko dadice 3HaYUMblE HOBOCIU U PE3YIbMA-
mbl, C8A3aHHblEe C paOOMOLlL 8 YCLOBUAX NAHOEMULU,
He MO2ym OmeJiedb GHUMAHUe cooouecmea mpanc-
NIAHMON0208 U OIUKO20 K HEMY Kpy2d VUeHblX U
cneyuanucmog om opyeo2o coovimusi. Ilo pacnopsi-
acenuro Ilpasumenvcmea P® Ne 2206-p om 31 as-
eycema 2020 eooa HMUL] THO um. ax. B.U. I1ly-
Maxoea 6ouiesl 8 CHUCOK HAYYHbIX OP2aHU3AYUL,
Komopbie enpage camoCmoamenbHo NPUCyHcoamy
YyueHvle cmeneHu kaHouoama u ookmopa Hayx. bo-
nee mozo, HMHUL] THO um. ax. B.1. lllymakosa —
OUHCMBEHHAsL U3 N008e0OMCMEeHHbIX MuHn30pagy
Poccuu opeanuszayus, komopoii doeepena cmonb
NOYemHAs U OMBEMCMBEHHAS PYHKYUA.

Pewenue 06 omkpwimuu cneyuanrvHocmu
«MPAHCNAAHMONO2UA U UCKYCCMBEHHbLE OP2aAHbLY

SCIENTIFIC SPECIALTY
“TRANSPLANTOLOGY

AND ARTIFICIAL ORGANS":
NEW IN THE ORDER

OF AWARDING
ACADEMIC DEGREES

Dear colleagues!

I present to you the 4th and
last issue of the Russian Journal
of Transplantology and Artificial
Organs for the year 2020. Traditi-
onally, we remember and celebrate
the most significant publications,
events and scientific results of
the year. It is logical and obvious
that studies on problems associa-
ted with the coronavirus disease
(COVID-19) pandemic were in the
focus of everyone’s attention. Our
journal is no exception. Our third
issue published results from the na-
tional multicenter study “Prevalence and Features
of the Clinical Course of Coronavirus Infection in
Heart, Kidney, and Liver Recipients” (ROCCOR-
recipient). This issue also publishes works on the
treatment of solid organ recipients in the context of
the COVID-19 pandemic.

However, even significant news and results rela-
ted to works in the context of the pandemic cannot
divert the attention of the transplant community and
the circle of scientists and specialists close to it from
another event. By executive order No. 2206-r of
the Russian Government of August 31, 2020, the
Shumakov National Medical Research Center of
Transplantology and Artificial Organs was inclu-
ded in the list of scientific organizations that can
independently award academic degrees (PhD and
Doctor of Science). Moreover, Shumakov National
Medical Research Center of Transplantology and
Artificial Organs is the only organization under
the jurisdiction of the Russian Ministry of Health
entrusted with such an honorable and responsible
Sfunction.

The decision to open the “Transplantology and
Artificial Organs” discipline and to, at the then Re-



u cozoanuu Ha b6aze mozoa ewe Hayuno-uccneoo-
8aMENbLCKO20 UHCIMUMYMA MPAHCNAAHMONOSUU U
UCKYCCMBEeHHbIX opeanos Munucmepcmea 30pa-
sooxpanenusi CCCP ouccepmayuonnoco cosema,
NpUHUMAalowe2o K 3awume Ouccepmayuu Ha co-
UcKauue yueHou cmeneHu 0OKmopa u Kanouoama
HAyK no Mot cneyuarbHoCmu, OblI0 NPUHAMO 8
1986 200y, u mbi 2comosumcs ommemums 35-n1emue
9MO20 3HAMEHAMENLHO20 COOLIMUSL.

Yepes ouccepmayuonnsiii coeem npu HMHUIL]
THUO um. ax. B.U. lllymaxosa npoxooum nooaensio-
wee bONLUUHCNBO 8CeX OUCCEPMAYUOHHBIX pAOOm
no nawtetl cneyuanvrocmu. bonee moeo, cogem 06w-
eounsiem 6 ceoem cocmase DONLUIUHCIMBO Omedech-
BEHHBIX BEOYWUX CREYUATUCIIO8 8 SMOU 00aCmU.

3a 35 nem ceoetl ucmopuu OMHOCUMENLHO HOBAS
HAY4YHAas CReYUAIbHOCMb «MPAHCHAAHMON02US U
UCKYCCMBEHHbLE OP2abl» 3aHANA 00CMOUHOe MecC-
Mo HA COBPEMEHHOM HAYYHOM MEOUYUHCKOM NOJLe.
Juccepmayuonnwii cosem npu OI'BY «Hayuo-
HAbHBIU MEOUYUHCKUL UCCTe008aMeNbCKULL YeHMP
MPAHCAIAHMONO2UU U UCKYCCMBEHHBIX OP2aHO8
umenu axademuxa B.U. Illymakxosay Munzopasa
Poccuu 6ce smu 200wl ycnewno 6binonuan ceou
@yHKYUU, NPOOOIIHCAT Y8EPEHHO pabomams 8 yc-
JIOBUAX pehoOpMUPOBAHUs CUCEMbL NOO20MOBKU U
20Cy0apCmeeHHol ammecmayuul Hay4Hblx Kaopos.
Xouemcs gvipasumsv yeepeHHOCMb, YUMo NPaso ca-
MOCMOSIMENbHO20 NPUCYHCOCHUSL YUEHbIX CeneHell
NO360UM NOBBICUMb HE MOTbKO NPECIUNC HAULE2O
VUpesHcOeHUss u CReyuaibHOCmuU, HO U Ka4ecmeo K-
cnepmu3bl OUCCePMayUOHHbIX pabom.

Kenaio ecem 6 Hoom 200y 300p08bsl, YCnexos,
yoauu 80 8cex 0enax u meopyecKux HayuHaHusx.

C ysaoicenuem,
axademux PAH C.B. Tombe

search Institute of Transplantology and Artificial
Organs of the USSR Ministry of Health, create a
dissertation council hearing the defense of disserta-
tions for PhD and Doctor of Degrees in this discipli-
ne was made in 1986. We are preparing to celebrate
the 35th anniversary of this landmark event.

The dissertation council at the Shumakov Nati-
onal Medical Research Center of Transplantology
and Artificial Organs has been handling a vast ma-
Jjority of all dissertations in our discipline. Moreo-
ver, the council brings together most of the Russian
leading experts in this field.

Over 35 years of its history, the relatively new
scientific discipline “Transplantology and Artificial
Organs” has taken its rightful place in the modern
scientific medical field. The dissertation council at
the Shumakov National Medical Research Center
of Transplantology and Artificial Organs has suc-
cessfully performed its functions all these years and
continued to work confidently towards reforming the
system of training and state certification of scientific
personnel. [ would like to express my confidence that
the right to independently confer academic degrees
will increase not only the prestige of our institution
and discipline, but also the quality of examining
dissertations.

I’'m wishing everyone in this coming new year
good health, success, and good luck in all your af-
fairs and creative endeavors.

) Sincerely,
S.V. Gautier
Academician, RAS
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HEART TRANSPLANTATION IN DIABETIC RECIPIENTS

V.N. Poptsov, E.A. Spirina, E.N. Zolotova, V.M. Zakharevich, N.N. Koloskova,
N.P. Mozheiko, A.A. Sibiakina, I.L. Poz, A.I. Skokova, V.V. Boronova, V.Yu. Voronkov,
V.M. Khatutskii

Shumakov National Medical Research Center of Transplantology and Artificial Organs, Moscow,
Russian Federation

Introduction. Heart transplantation (HT) in patients with preexisting type 2 diabetes (T2D) is associated with
high risk of infectious and non-infectious complications (renal dysfunction, multifocal atherosclerosis, transplant
coronary artery disease, etc.) that can negatively affect recipient survival in the early and late periods after HT.
Objective: to assess the effect of pre-transplant T2D on early and long-term outcomes of HT based on a single-
center retrospective study. Materials and methods. The study enrolled 891 recipients who underwent HT within
the period 2011 to 2018, and were divided into two groups: main group (T2D) —recipients with pretransplant T2D
(n =80, 9.0%) and the control group (T2D-free) — recipients without T2D (n= 811, 91.0%). Recipients from both
groups did not differ in terms of HT urgency (UNOS status) and the need for pre-transplant mechanical circula-
tory support (MCS). Results. At the time of the HT, recipients from the T2D group were older than the T2D-free
recipients (54 [46; 59] years vs 48 [35; 56] years, p < 0.001), they had a higher weight (p < 0.001) and body mass
index (p < 0.001), coronary heart disease was more often their main disease (65.0% vs 36.5%, p < 0.001), they
had higher transpulmonary gradient (10.0 [7.0; 12.0] mmHg vs 9.0 [6.0; 12.0] mmHg, p = 0.024) and pulmonary
vascular resistance (2.9 [2.2; 4.0] Wood units vs 2.5 [1.8; 3.4] Wood units, p = 0.038). In the pre-transplant period,
the T2D group had pronounced manifestations of renal dysfunction and increased comorbidity. Recipients in both
groups did not differ in terms of cardiac donor parameters, graft ischemia time, cardiopulmonary bypass time,
and incidence of severe early heart graft dysfunction requiring MCS (12.5% vs 10.7%, p = 0.74). In the early
post-transplant period, the T2D group had high requirements (100% vs 28.0%, p < 0.001) and higher doses of
insulin therapy. More pronounced manifestations of renal dysfunction and a greater need for renal replacement
therapy (51.4% vs 27.9%, p = 0.003) did not affect artificial ventilation and ICU duration (6 [5; 10] days vs 6 [5;
10] days, p = 0.098), as well as hospital mortality ( 8.8% vs 8.5%, p =0.895). The presence of pre-transplant T2D
had no negative effect on the incidence of acute cardiac graft rejection, progression of transmissible coronary
atherosclerosis, incidence and severity of cardiac graft vasculopathy, structure and severity of distant infectious
and non-infectious complications, and post-transplant survival. Conclusion. With correct selection of recipients
and choice of optimal tactics for their post-transplant management, the presence of pre-transplant T2D has no
negative effect on early and long-term outcomes of HT.

Keywords: heart transplantation, diabetes mellitus.

INTRODUCTION

Heart transplantation (HT) remains the most effective
method of treating patients with end-stage congestive
heart failure (CHF) developing against the background
of various acquired or congenital heart conditions. Many
patients with end-stage CHF have concomitant diseases
that can act as an absolute or relative contraindication
to HT or be a factor negatively affecting early and long-
term HT outcomes [1; 2; 3].

Diabetes mellitus, especially type 2 diabetes (T2D),
not only often contributes to the course of CHF, but also
promotes its development and progression [4; 5]. There
is a 12% prevalence of type 2 diabetes among CHF pati-
ents, reaching 24% among patients with its most severe
clinical manifestations [4; 5]. Many patients conside-

red as possible heart recipients have T2D, which is still
considered a relative contraindication to HT [1; 2; 6; 7].
Surgeons are always extremely cautious in performing
HT in patients with preexisting T2D due to increased
risk of infectious and non-infectious complications (re-
nal dysfunction, multifocal atherosclerosis, transplant
coronary artery disease, etc.), as well as difficulties in
selecting the optimal immunosuppressive therapy tactics
for this carbohydrate metabolism disorder. In spite of
the fact that some studies have shown satisfactory early
and long-term post-transplant survival, effective imple-
mentation of HT in patients with concomitant T2D is
still a challenging clinical task and is the subject of sci-
entific discussion and research [1; 3; §]. In recent years,
development of an HT program at Shumakov National
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Medical Research Center of Transplantology and Ar-
tificial Organs is associated, among other things, with
increased number of HT in recipients with comorbid
diseases, including T2D [9; 10].

The aim of the study is to evaluate the early and
long-term outcomes of HT in patients with end-stage
CHF and concomitant T2D.

MATERIALS AND METHODS

Between 2011 and 2018, 891 heart transplantations
were performed at the Shumakov National Medical Re-
search Center of Transplantology and Artificial Organs.
This included 80 (9.0%) recipients — 74 (92.5%) men
and 6 (7.5%) women, median age 54 [46; 59] with pre-
existing (pre-transplant) T2D. The weight of a recipient
in this cohort was 85.0 [78.3; 95.0] kg, body mass index
(BMI) 28.3 [25.2; 31.5] kg/m*. There were 28 (35%)
recipients with BMI >30.0 kg/m’.

The main diseases leading to end-stage CHF were:
ischemic cardiomyopathy (ICMP) in 52 (65.0%) reci-
pients, dilated cardiomyopathy (DCM) in 27 (33.8%),
decompensated atherosclerotic aortic valve disease in 1
(1.2%). The severity of clinical manifestations of CHF
corresponded to the NYHA functional class 3.1 + 0.4.

The urgency of performing HT corresponded to
UNOS status 1A in 20 (25.0%), status 1B in 18 (22.5%),
and status 2 in 42 (52.5%) recipients. Pre-transplant
mechanical circulatory support (MCS) was used in 20
(25.0%): intra-aortic balloon counterpulsation (n = 1
(1.3%)), peripheral venoarterial extracorporeal memb-
rane oxygenation (VA ECMO) (n = 19 (23.8%)). Pre-
transplant MCS lasted for 4.1 [3.5; 5.5] days.

Correction of carbohydrate metabolism disorders in
the pre-transplant period was achieved via diet therapy in
16 recipients (20.0%), via oral anti-diabetic medication
in 44 (55.0%), and via insulin therapy in 20 (25.0%). At
the time of HT, one oral anti-diabetic medication was
used for T2D drug therapy in 27 (61.4%) of 44 recipients
who did not need insulin therapy, a combination of two
oral anti-diabetic medications was used in 15 (34.1%)
recipients, and a combination of three oral anti-diabetic
medications was used in 2 (%) recipients. The following
oral medications were used for blood glucose-lowering
therapy: glimeperide in 22 (27.5%) recipients, gliclazide
in 6 (7.5%), vildagliptin in 43 (53.8%), sitagliptin in 2
(2.5%), metformin in 6 (7.5%), and empagliflozin in 2
(2.5%). Oral anti-diabetic medications were continued
in all patients (20 (25.0%)), who needed insulin therapy.
The level of glycated hemoglobin (HbA 1c) at the time of
HT was 7.4%, including 51 (63.8%) with less than 7.4%,
and 29 (36.2%) with more than 7.4%. The structure of
diabetes-related complications in recipients with pre-
transplant T2D was as follows: atherosclerotic coronary
artery disease in 53 (66.3%) recipients, chronic oblite-

rating peripheral artery disease in 15 (18.8%), cerebral
ischemia in 14 (17.5%), peripheral diabetic neuropathy
in 10 (12.5%), and diabetic nephropathy in 9 (11.3%).
Chronic kidney disease (CKD) stage 3A and higher was
diagnosed in 9 (11.3%) recipients with T2D.

Management of recipients in early and late post-
transplant periods was carried out in accordance with
the ISHLT Guidelines (2010) [11]. To diagnose and de-
termine the severity (OR, 1R, 2R and 3R degrees) of
acute cellular rejection of a heart transplant, the 2004
ISHLT standardized morphological classification was
used (Cardiac biopsy grading of cellular rejection re-
vised and standardized International Society for Heart
and Lung Transplantation (ISHLT)) [12]. To diagnose
and determine the severity of histological and immuno-
pathological manifestations (pAMR 0, pAMR 1 (H+),
pAMR 1 (I+), pAMR 2, pAMR 3) of antibody-related
(humoral) heart transplant rejection, the 2013 ISHLT
working formulation for pathology diagnosis of cardiac
antibody-mediated rejection) was used [13]. The paper
presents the outcomes of cellular and humoral rejection
of recipients who survived up to the first biopsy — 857
recipients (96.2% of 891) in two compared groups. The
classification proposed by Gao S.Z. et al. in 1988 was
used to determine the degree of damage in transplant
coronary artery disease (TCAD) [14]. TCAD was diag-
nosed based on the 2010 ISHLT Guidelines for the care
of heart transplant recipients [11]. CKD diagnosis and
severity were established by the degree of decrease in
glomerular filtration rate according to the KDIGO 2012
classification [15].

Research data was statistically processed using Mi-
crosoft Excel spreadsheets and SPSS Statistics 20 soft-
ware. All the studied parameters were tested for normal
distribution using the Kolmogorov—Smirnov test. Arith-
metic mean and standard deviation (M + SD), upper and
lower bounds, were used to represent parametric data.
Median and interquartile range (interval between 25%
and 75% percentiles) were used to describe nonpara-
metric variables. Significance of differences in quan-
titative parameters in the two groups was determined
via Fisher’s exact test. Mann—Whitney U test and the
Student’s t test were used to compare variables in the
study groups. Survival analysis was performed using
the Kaplan—Meier estimate. Differences were considered
statistically significant if the probability of error was less
than 0.05 (p < 0.05).

STUDY RESULTS

Analysis of the pre-transplant examination data that
was included in the study of heart recipients revealed
that patients in the diabetes group were older (p < 0.05)
by age (Table 1). Weight and body mass index were
significantly (p < 0.05) higher in the study group.
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Table 1
Comparative preoperative clinical characteristics of diabetic and nondiabetic heart recipients (n = 891)
Indicator T2D in recipients P
T2D (n = 80) T2D-free (n = 811)
Age 54 [46; 59] 48 [35; 56] <0.001
Height 175 [170; 180] 175 [170; 180] 0.969
Gender
men (n/%) 74/92.5 683/84.2 0.067
women (n/%) 6/7.5 129/15.9
Weight, kg 85.0[78.3; 95.0] 75.0 [65.0; 89.0] <0.001
BMI, kg/m? 28.3[25.2; 31.5] 24.7 [22.0; 28.4] <0.001
BMI>30.0, kg/m? (n/%) 28/35.0 163/20.1 0.004
DCM (n/%) 27/33.8 464/57.2 <0.001
ICMP (0/%) 52/65.0 296/36.5 <0.001
MAP, mmHg 79.5 [73.0; 89.5] 78.0 [69.0; 87.0] 0.144
RAP, mmHg 8.0 [6.0; 12.8] 8.0 [5.0; 12.0] 0.140
mPAP, mmHg 32.0 [25.0; 42.0] 28.0[20.0; 37.0] 0.004
PWP, mmHg 22.5[16.0; 29.8] 19.5[13.0; 28.0] 0.010
CI, /min/m? 1.9 [1.5;2.2] 2.0 [1.6;2.2] 0.047
TPG, mmHg 10.0 [7.0; 12.0] 9.0 [6.0; 12.0] 0.024
PVR, Wood units 2.91[2.2; 4.0] 2.5]1.8; 3.4] 0.038
PVR >4.0, Wood units (n/%) 25/31.3 122/15.0 <0.001
HT urgency by UNOS
Status 1A (n/%) 20/25.0 151/18.6 0.216
Status 1B (n/%) 18/22.5 194/23.9 0.888
Status 1A—1B (n/%) 38/47.5 345/42.5 0.456
Status 2 (n/%) 42/52.5 467/57.5 0.456
Total bilirubin, pmol/L 20.3[13.3; 36.5] 25.0 [15.6; 50.0] 0.042
Urea, mmol/L 8.3[6.0; 10.0] 6.7 [5.6;10.2] 0.036
Creatinine, pumol/L 105.2 [82.4; 110.0] 90.0 [77.0; 112.8] 0.042
GFR, mL/min 67.5[62.7,; 88.7] 79.9 [60.4; 95.7] 0.046
Total protein, g/L 72.0 [68.5; 76.3] 71.8 [65.5; 76.3] 0.020
ALT, U/L 21.0[14.0; 35.0] 24.0 [15.6; 42.2] 0.147
AST, U/L 24.0 [19.0; 30.0] 27.0[20.0; 39.0] 0.145
Prothrombin index, % 84.0 [69.0; 91.5] 78.0 [65.0; 88.0] 0.025
INR 1.2 [1.0; 1.6] 1.4[1.1;1.7] 0.047
White blood cells 7.8 [6.7;9.4] 7.5 [6.0; 8.9] 0.095
Platelets 188.5[142.0; 237.0] 192.0 [134.0; 243.0] 0.694
Glucose level (at any time), mmol/L 7.916.4;9.2] 6.1[5.4;6.9] <0.001

Note: BMI — body mass index, DCM - dilated cardiomyopathy, ICMP — ischemic cardiomyopathy, mAP — mean arterial pres-
sure, RAP — right atrial pressure, mPAP — mean pulmonary artery pressure, PWP — pulmonary wedge pressure, CI — cardiac

index, TPG — transpulmonary gradient, PVR — pulmonary vascular resistance, HT — heart transplantation, GFR — glomerular
filtration rate, ALT — alanine aminotransferase, AST — aspartate aminotransferase, INR — international normalized ratio.

The ratio of recipients with DCM and ICMP was
multidirectional between the main and control groups.
Recipients diagnosed with pretransplant ICMP (65.0%)
prevailed in the main group (p < 0.001), while those di-
agnosed with DCM (57.2%) predominated in the control
group. Hemodynamic manifestations of CHF and conco-
mitant pulmonary hypertension (PH) were pronounced in
the main group, as manifested by lower (p <0.05) cardiac
index (CI), higher (p < 0.05) mean pulmonary artery
pressure (mPAP), transpulmonary gradient (TPG) and
pulmonary vascular resistance (PVR). The proportion

10

of patients with pre-transplant PVR level >4 Wood units
(27.5%) was also higher (p < 0.05) in the main group.
Recipients in both groups did not differ in terms of ur-
gency of performing HT. Biochemical manifestations of
pre-transplant renal dysfunction (urea, blood creatinine,
glomerular filtration rate (GFR)) were more (p < 0.05)
pronounced in the main group, hepatic dysfunction (to-
tal bilirubin, prothrombin index (PI) and international
normalized ratio (INR)) — in the main groups. Naturally,
pre-transplant blood glucose level was higher (p <0.05)
in the main group.
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The nature and incidence of coexisting conditions
at the time of HT in the main and control groups are
presented in Table 2.

The main group was characterized by a larger pro-
portion (3.8% to 17.5%) of recipients with stage 2/3
hypertension, stage 2/3 dyscirculatory encephalopathy,
multifocal atherosclerosis, urolithiasis, subclinical hy-
pothyroidism, and CKD stage 3 and higher (p < 0.05).
In the control group, incidence of the same concomitant
diseases ranged from 0.6% to 5.5%.

There were no differences in the main clinical, labora-
tory and imaging parameters of heart donor between the

main and control groups, except for the “donor/recipient
body weight ratio” indicator (Table 3).

The main and control groups did not differ in terms
of incidence of early graft dysfunction, requiring post-
transplant MCS — 12.5% versus 10.7%, respectively (p =
0.764) (Table 4). Clinical and biochemical manifesta-
tions of acute kidney injury in the early post-transplant
period were more (p < 0.05) pronounced in the main
group, which led to 1.8 times greater (p < 0.05) need
for renal replacement therapy (RRT). The duration of
the use of continuous RRT methods (continuous veno-
venous hemofiltration (CVVH)) was longer (p < 0.05)

Table 2
Preoperative morbidity in diabetic and nondiabetic heart transplant recipients (n = 891)
Comorbidities (n/%) T2D in recipients Chi-square p
T2D (n=280) | T2D-free (n =811)

Arterial hypertension, stage 2/stage 3 14/17.5 45/5.5 14.979 <0.001
DEP, stage 2/stage 3 11/13.8 19/2.3 23.767 <0.001
Multifocal atherosclerosis 11/13.8 10/1.2 44.349 <0.001
CKD, stage 3 and above, (1n/%) 9/11.3 11/1.4 28.175 <0.001
Brachi.ocephalic artery atherosclerosis with carotid 8/10.0 9/1.1 26.225 <0.001
stenosis >50%

Non-drug-induced clinical/subclinical hypothyroidism 7/8.8 14/1.7 12.731 <0.001
Obliterating atherosclerosis of the lower extremities 6/7.5 10/1.2 12.881 <0.001
Kidney stone disease 3/3.8 5/0.6 4.909 0.027
Note. DEP — dyscirculatory encephalopathy, CKD — Chronic kidney disease.

Table 3
Clinical characteristics of heart recipients (n = 891)
Indicator T2D in recipients p
T2D (n = 80) T2D-free (n = 811)
Age (years) 45.0 [34.0; 55.5] 44.0 [34.0; 53.0] 0.441
Sex
Female, (n/%) 15/18.8 160/19.7 0.955
Male, (n/%) 65/81.2 652/80.3

Female donor/male recipient pair (n/%) 13/16.3 124/15.3 0.945
Donor weight (kg) 85 [75; 90] 80 [70; 90] 0.143
Donor/recipient body weight ratio 0.9510.85; 1.1] 1[0.86; 1.2] 0.010
Non-traumatic brain injury in the donor, (n/%) 48/60 522/64.4 0.523
Cardiopulmonary resuscitation, (n/%) 3/3.8 32/3.9 0.828
MV (days) 2[1; 3] 2[1; 3] 0.562
Hemoglobin, g/L 120 [92; 142] 113 [89; 138] 0.168
Total protein, g/L 60 [52; 70] 60.5 [52; 67] 0.542
Blood sodium, mmol/L 148 [141; 157] 147 [140; 156] 0.298
Blood sodium >160 (mmol/L), (n/%) 13/16.3 82/10.1 0.131
Sympathomimetic therapy, (n/%) 63/78.8 572/70.5 0.156
Norepinephrine (n/%, ng/kg/min) (max.) 300 E‘14 6/;;5550] 34(;t ?185/3?)?6500] g?gézl
Dopamine (n/%, pg/kg/min) (max.) 6 [1392?3138 5] %7[%1/;3;1 2‘]1 g?;i
Troponin T, (pg/ml) 0.17[0.1; 0.7] 2[0.2; 62.1] 0.049
CK-MB, ng/mL 37 [32; 65] 33 [5.5; 54.5] 0.161

Note. MV — mechanical ventilation, CK-MB — creatine kinase-MB.
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Table 4
Early posttransplant clinical characteristics of diabetic and nondiabetic recipients (n = 891)
Indicator T2D in recipients P
T2D (n = 80) T2D-free (n=811)

Graft ischemia, min. 154 [133; 185] 159 [131; 194] 0.597
AC duration, min. 119 [100; 142] 120 [93; 152] 0.878
Dopamine

n/% 76/95.0 632/78.0 <0.001

pg/kg/min (max.) 6 [4;10] 6 [4; 8] 0.184
Dobutamine

/% 54/67.5 457/56.4 0.072

pg/kg/min (max.) 4.0 [3.5; 6.0] 5.0 [4.0; 6.0] 0.769
Adrenalin

n/% 78/97.5 625/77.1 <0.001

ng/kg/min (max.) 40.0 [60.0; 80.0] 43.0 [60.0; 80.0] 0.299
Post OHT — MCS, n/% 10/12.5 87/10.7 0.764
Post-transplant MCS (days) 3.5[L.5;5.5] 312; 5] 0.524
Postoperative MV, hours 8.5[6; 13] 9 [6; 14.5] 0.831
Total bilirubin (max.), (mmol/L) 43 [31.7; 69.4] 47 [30.7; 77.8] 0.888
ALT (max.), U/L 42 [30; 54] 42 [31; 81] 0.770
AST (max.), U/L 129 [98; 236] 108 [143; 193] 0.585
Urea (max.), (mmol/L) 16.7[12.2;22.2] 14 [10.1; 18.8] 0.022
Creatinine (max.), (mmol/L) 151.2 [115.6; 218.7] | 133.9[100.1; 174] 0.019
Total protein (min.), G/l 58 [54; 62] 66 [63; 68] <0.001
PT (min.), % 67 [60; 74] 71[63; 77] 0.016
White blood cells (max.) 20.2 [17.4; 23] 18.1[15.2; 22.3] 0.028
Platelets (min.) 76 [56; 103.5] 74.5 [51; 107] 0.871
Procalcitonin (max.) 8.8[2.7;23.9] 6.4[2.6;17.7] 0.159
Postoperative delirium, n/% 19/27.1 101/12.5 0.008
Renal replacement therapy: CVVH, (n/%) 36/51.4 226/27.9 0.003
Start of CVVH, days after surgery 1.5[1; 2] 412;12] 0.002
Transition from CVVH to intermittent HDF, (n/%) 13/18.6 85/10.5 0.165
Number of patients receiving insulin pump therapy after HT, n/% 80/100 227/28.0 <0.001
Intravenous insulin, units/day 66.7 [50; 89.3] 50 [33.3; 66.7] <0.001
Intravenous insulin, duration of days 2[1;5] 1[0.5; 2] <0.001
ICU (days) 6 [5; 10] 6 [4; 8] 0.098
Hospital survival, n/% 73/91.2 742/91.5 0.895

Note. AC — assisted circulation, OHT — orthotopic heart transplantation, MCS — mechanical circulatory support, MV — me-
chanical ventilation, ALT — alanine aminotransferase, AST — asprat aminotransferase, PT — prothrombin time, CVVH — conti-
nuous veno-venous hemofiltration, HDF — hemodiafiltration, HT — heart transplant, ICU — intensive care unit.

in the study group. Recipients in the main group were
characterized by a more frequent (2.2 times) occurrence
of postoperative delirium (27.1% versus 12.4%). The
leading in-hospital infectious complications in both the
main and control groups were pneumonia (mainly of
bacterial etiology) and purulent mediastinitis, whose
incidence was, respectively, 18.8% (T2D group) versus
19.0% (T2D-free group) (p = 0.919) and 2.5% (T2D
group) versus 2.1% (T2D-free group) (p = 0.86). There
were no significant differences in the incidence of these
infectious complications among both groups.

In the early periods after HT, the need and average
daily doses of insulin were higher (p < 0.05) in the main
group (Table 5). In the control group, 227 patients (28%)
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received continuous intravenous insulin infusion via a
medication dispenser. In our study, the target blood glu-
cose level was 5—-10 mmol/L.

77 (96.3%) of 80 recipients from the T2D group and
780 (96.2%) of 811 recipients from the T2D-free group
survived up to the first endomycardial biopsy. The groups
did not differ significantly in terms of incidence of acute
cellular rejection: (1) grade 1R rejection —45.5% (T2D
group) versus 42.9% (T2D-free group) (p = 0.76); (2)
grade 2R rejection — 0.0% (T2D group) versus 1.0%
(T2D-free group) (p = 1.00); (3) grade 3R rejection —
2.6% (T2D group) versus 2.1% (T2D-free group) (p =
0.92). In terms of incidence of antibody-mediated rejec-
tion, there were no significant differences between reci-
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Table 5

Daily intravenous insulin doses (U/day) at early postoperative period in diabetic and non-diabetic
recipients (n = 307)

Study phase (after HT) Recipient group Chi-square / P
T2D group (n = 80) T2D-free group (n = 227) Fisher’s exact test
12 hours 115.5+47.1 110.3+35.5 1.1871 0.236
Day 1 89.3 +£33.7 55.3+29.3 9.6193 0.0001
Day 2 63.9+25.1 47.1+15.3 8.5071 0.0001
Day 3 523 +17.1 37.5+12.1 9.7958 0.0001
Day 4 48.9+16.3 233+7.1 25.3178 0.0001
Day 5 35.7+15.0 144+53 26.2307 0.0001
Note. HT — heart transplantation.
Table 6
Causes of post-transplant in-hospital mortality (n = 76)
Cause of death Pre-transplant T2D in recipients who died Chi-square / P
in the early post-HT period Fisher’s exact test
T2D (n=7) T2D-free (n = 69)

M}Jltlple organ failure not associated with 4/57 1 28/40.6 0.273 0.603
primary graft dysfunction

Multiple organ fallqre associated with pri- 2286 19/27.5 0.148 0701
mary graft dysfunction

Acute rejection crisis 1/14.3 15/21.7 0.004 0.951
Other reasons 0 7/10.1 0.039 0.843

pients from both groups. In all cases, antibody-mediated
rejection pAMR 2 was diagnosed — 3.9% (T2D group)
versus 4.7% (T2D-free group), respectively (p = 0.96).

The presence of pre-transplant T2D had no adverse
effect on length of stay in intensive care unit (ICU) and
hospital mortality, which was, respectively, 8.8% (T2D
group) versus 8.5% (T2D-free group) (p = 0.895). The-
re was no difference in hospital mortality between the
groups (Table 6).

In the long term post-HT period, the leading infectious
complication in both groups was community-acquired
pneumonia (mainly of mixed bacterial-viral etiology),
whose incidence was 12.5% (T2D group) versus 10.9%
(T2D-free group) (p = 0.793).

The incidence of donor-transmitted coronary athero-
sclerosis (DTCA) (developed during the lifetime of the
heart donor) in both groups of recipients did not differ
significantly — respectively 22.5% (T2D group, n = 18)
versus 26.1% (T2D-free group, n =212) (p = 0.569), as
well as the number of initially detected affected coronary
arteries —respectively 1.4 £ 0.4 (T2D group) versus 1.3 £
0.5 (T2D-free group, n = 212) (p = 0.071). The groups
also did not differ significantly in the frequency of percu-
taneous coronary intervention in the early post-HT period
in recipients with DTCA — respectively 45.0% (9 of 20,
T2D group) vs. 63.1% (159 of 252, T2D-free group) (p =
0.173). In the late posttransplant period, repeated coro-
nary angiographic studies in 14 (70%) of 20 recipients of
the T2D group revealed the progression of DTCA, which
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required additional percutaneous coronary intervention.
In the T2D-free group, additional percutaneous coronary
intervention was required for 177 (70.2%) of 252 patients
with identified DTCA (p = 0.817).

There was no significant difference in the incidence of
TCAD diagnosed at different times after HT in recipients
from both groups discharged from the hospital — respec-
tively 45.2% (33 out of 73, T2D group) versus 39.6%
(294 out of 742, T2D-free group) (p=0.417). According
to the classification by Gao S.Z. et al. (1988), the groups
did not differ significantly in terms of frequency of detec-
tion of various types of stenotic coronary artery lesions
in TCAD: (1) type A—39.4% (T2D group) versus 54.8%
(T2D-free group) (p = 0.136); (2) type B1/B2 — 42.4%
(T2D group) versus 33.0% (T2D-free group) (p = 0.373);
(3) type C—18.2% (T2D group) versus 12.2% (T2D-free
group) (p = 0.489).

Outpatient renal replacement therapy by long-term
hemodialysis was required in 11 (1.3%) out of all the
816 recipients discharged from the hospital after HT.
Recipients in both groups did not differ in the incidence
of “chronicity” of renal failure requiring outpatient long-
term hemodialysis — respectively 1.4% (1 out of 73, T2D
group) versus 1.3 (10 out of 743, T2D-free group) (p =
0.606).

During the analyzed period, 145 of 816 heart recipi-
ents who were discharged from the hospital died, inclu-
ding 13 (17.8%) of 73 (T2D group) and 132 (17.8%) of
743 (T2D-free group). There were no significant diffe-
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rences in the structure of long-term mortality in recipi-
ents discharged after HT (Table 7).

The presence of pre-transplant T2D did not signifi-
cantly affect both early and long-term survival of heart
recipients (Fig.).

DISCUSSION

Frequent combination of cardiovascular conditions
and carbohydrate metabolism disorders accounts for the
high prevalence of T2D among patients with heart disea-
ses, accompanied by development of CHF [4; 5]. This,
in turn, explains the presence of T2D in many patients
with end-stage CHF, some of whom are indicated for
HT [3;4; 5; 16; 17]. Despite the fact that many years of
experience with HT in patients with concomitant T2D
have been accumulated abroad, the intervention conti-
nues to be associated with increased risk of early and
long-term complications that may negatively affect the
post-transplant survival of recipients [2; 6; 7; 18]. Ac-

cording to a single-center study, Ram E. et al. (2020),
the presence of pre-transplant T2D in heart recipients
increases the risk of post-HT death by 1.8 times [19].
According to multicenter studies, the proportion of
HT in recipients with pre-transplant T2D ranges from
13.6% to 28.2% [20; 21]. In our study, the proportion of
HT in recipients with pre-transplant diabetes was 9.0%
of the total number of heart transplants performed during
the analyzed 8-year period. The initiation of regular HT
in recipients with pre-transplant T2D since 2011 coinci-
ded with an increase in the number of heart transplants
performed annually over 30 per year. An increase in
the proportion of HT in recipients with pre-transplant
diabetes was also associated with increased proportion
of heart transplants in older patients, which led to an
increase in the average age of the heart recipient [22].
A comparative study revealed that pre-transplant
T2D recipients were older in age, had a higher weight
and BMI compared to recipients without pre-transplant

Table 7
Causes of long-term post-transplant post-discharge mortality (n = 145)
Cause of death T2D in recipients Chi-square / Fisher’s exact test P
T2D (n=13) T2D-free (n = 132)
Infectious complications 5/38.5 22/16.7 2411 0.121
Rejection 3/23.1 32/24.2 0.060 0.806
CAV 2/15.4 25/18.9 0.004 0.953
Sudden death 1/7.6 30/22.7 0.823 0.365
Cancer 0 8/6.1 0.076 0.783
Unknown cause 2/15.4 15/11.4 0.000 0.983
Note: CAV — cardiac allograft vasculopathy.
Survival function
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Fig. The effect of pre-transplant T2D on early and long-term survival in heart recipients
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carbohydrate metabolism disorders. Coronary heart di-
sease (CHD) was the leading cause of end-stage CHF
in recipients with pre-transplant T2D. Predominant im-
pairment of left ventricular (LV) systolic and diastolic
function resulted in more pronounced manifestations of
pre-transplant PH in this cohort of heart recipients. Ne-
arly 1/3 were recipients with pre-transplant PVR levels
above 4 Wood units. In addition, as this study has shown,
when preparing and performing HT in recipients with
pre-transplant T2D, it is necessary to take into account
more pronounced manifestations of preoperative renal
dysfunction and the presence of concomitant conditions
(arterial hypertension (AH), multifocal atherosclerosis,
CKD stage 3 and higher, etc.), which can negatively
affect the course of early and long-term post-transplant
periods.

Almost half of patients with pre-transplant T2D re-
quired urgent HT. This included 25% with pre-transplant
MCS using peripheral venoarterial extracorporeal mem-
brane oxygenation (VA ECMO), which could negatively
affect the course of the perioperative period and be a risk
factor for adverse outcomes in the early post-transplant
period.

The median age of the heart donor did not differ sig-
nificantly between the two studied groups of recipients —
within 44—45 years — which fully corresponds to the
median age of the heart donor in Europe and reflects the
current trends towards an increase in the age of the heart
donor due to pronounced reduction in the pool of donors
under 40 years old [23]. In both groups, heart donors,
whose cause of death was irreversible non-traumatic
brain injury, which is considered a possible risk factor for
early graft dysfunction, prevailed (60.0-64.4%) [24; 25].
Significantly lower need and doss of sympathomimetic
support, as well as the value of the marker for myocar-
dial injury troponin T during cardiac donor conditioning
could positively affect the nature of restoration of initial
cardiac graft function in the main group [24; 26].

Despite the absence of differences in the frequency
of MCS use in the early post-transplant period, the in-
tensity of sympathomimetic therapy, and the duration
of postoperative mechanical ventilation, the main group
showed more pronounced manifestations of multiple
organ failure, mainly kidney-liver failure. Moreover,
postoperative delirium was 2.2 times more frequent. Re-
nal replacement therapy was used 1.8 times more often.
These features are worth considering when managing
recipients with pre-transplant T2D in the perioperative
period. It is expected that this category of patients had
a significantly greater need for insulin therapy. At the
same time, as our study showed, the above facts did not
have a negative impact on the duration of postoperative
treatment of recipients with T2D in the ICU and on hos-
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pital mortality. In both study groups, the leading cause
of death was multiple organ failure syndrome.

The study revealed no negative effect of pre-trans-
plant T2D on the incidence of early and late infectious
complications, which we attribute to a “more aggressive”
postoperative antimicrobial chemoprophylaxis (early
complications) and a personalized approach in determi-
ning the optimal immunosuppressive therapy scheme
(early and late complications) [27; 28; 29].

Our study did not find any significant negative effect
of pre-transplant T2D on DTCA in the post-transplant
period, as well as on incidence and severity of TCAD.
Early studies demonstrate the ambiguous effect of pre-
transplant T2D on development and progression of pre-
existing or de novo emerging transplant coronary artery
disease [16; 19; 30]. The presence of pre-transplant T2D
did not negatively affect the incidence and severity of
TCAD, which was also revealed in other studies [27].

There was no significant effect of pre-transplant T2D
on the incidence and severity of other non-infectious
non-lethal and lethal complications (chronic renal failu-
re, oncopathology, acute graft rejection, etc.).

Early and long-term survival rates in recipients with
and without T2D were comparable, indicating that with
the correct selection of recipients and choice of an opti-
mal management strategy in the post-transplant period,
high HT outcomes are achieved even in recipients with
a high risk of early and long-term complications [6; 17;
31]. A possible explanation for the results obtained in
the study is that HT in recipients with pre-transplant
T2D was performed in the absence of significant mani-
festations of diabetes-dependent and diabetes-associated
complications that could affect the survival of recipients.
Besides, the presence and significance of the influence
of other comorbidities on HT outcomes were taken into
account [7].

CONCLUSION

With the correct selection of recipients and choice of
an optimal management strategy in the post-transplant
period, pre-transplant type 2 diabetes does not have a
negative effect on early and long-term outcomes of heart
transplantation.

The authors declare no conflict of interest.
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DIAGNOSTIC VALUE OF MIRNA-101 AND MIRNA-27 IN ACUTE
HEART TRANSPLANT REJECTION
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Objective: to determine the diagnostic value of miRNA-101 and miRNA-27 expression levels for acute heart
transplant rejection. Materials and methods. The study enrolled 46 heart recipients, among whom were 36 men
(78.3%); the average age of recipients was 47.7 = 10.8 (16 to 67) years. Serum microRNA expression levels were
measured via quantitative polymerase chain reaction (PCR). Graft rejection was verified through morphological
analysis of endomyocardial biopsy specimens. Results. The expression levels of miRNA-101 and miRNA-27
in recipients with acute graft rejection are significantly lower than in recipients without rejection (p = 0.04 and
p = 0.03, respectively). When the miRNA-101 expression level is below the determined threshold value, the risk
of developing acute graft rejection increases 1.8 times (RR = 1.8 [95% CI 1.13-3.01]). When the miRNA-27
expression level is below the determined threshold value, the risk of developing acute graft rejection increases
1.9 times (RR = 1.9 [95% CI 1.12-3.37]). Simultaneous decrease in the expression levels of miRNA-101 and
miRNA-27 below the determined threshold values increases the likelihood of acute graft rejection by 2.0 times
(RR =2.0[95% CI 1.16-3.36]). Conclusion. The serum miRNA-101 and miRNA-27 expression levels are of

diagnostic value for acute graft rejection in heart recipients.

Keywords: heart transplantation, miRNA-101, miRNA-27, acute rejection, biomarkers.

Acute transplant rejection is one of the major factors
affecting survival in heart recipients. The risk of develo-
ping acute heart transplant rejection is higher in the early
postoperative period, although acute rejection crises can
occur at any time after transplantation. Late rejection
crises often occur where there are insufficient doses of
immunosuppressive therapy or non-compliance with
the prescribed medication regimen, as well as in cases
of viral infections leading to activation of the patient’s
immune system [1, 2].

Endomyocardial biopsy, which is used to verify and
control the treatment of acute rejection, is an invasive
procedure that is laborious and risky for patients. Biopsy
results can be influenced by sampling errors and variabi-
lity in the assessment of the obtained preparations [3]. In
order to improve preclinical diagnostics and reduce the
number of repeated invasive diagnostic interventions,
there has recently been active development of minimally
invasive methods for diagnosing post-transplant com-
plications, which can not only reveal the presence of
acute graft rejection, but also control the effectiveness
of recipient treatment [4].

To solve this problem, the relationship of various
biomarkers, including factors and mediators of inflam-
mation, neoangiogenesis, tissue destruction, thrombus

formation, etc., with the risk of cardiovascular diseases
and post-transplant complications, is being actively stu-
died all over the world [5—9]. The study of microRNAs
(small, non-coding RNAs that repress gene expression)
as well as search and validation of new biomarkers for
their diagnosis represent a separate subject of research
aimed at understanding the pathogenesis of pathologi-
cal processes in the myocardium. Due to the variety of
regulatory functions, miRNAs are a promising group of
biomarkers, potentially significant both for diagnosis and
for monitoring the progression of post-transplant com-
plications [ 10—12]. In our previous work, a comparative
analysis of miRNA expression in heart recipients found
that the expression levels of miRNA-101 and miRNA-27
significantly differed acute graft rejection and without
rejection [13].

The objective of this work was to determine the di-
agnostic accuracy of miRNA-101 and miRNA-27 with
respect to acute graft rejection in cardiac recipients.

MATERIALS AND METHODS

The study enrolled 46 patients who, between 2013
and 2016, underwent a heart transplant (HT) surgery
at the Shumakov National Medical Research Center of
Transplantology and Artificial Organs. Among the pati-
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ents were 36 men (78.3%). The mean age of recipients
was 47.7 = 10.8 (16 to 67) years. Before the HT, 29
(63%) recipients were diagnosed with dilated cardiomyo-
pathy (DCM), 12 (26%) recipients were found to have
coronary heart disease (CHD), while 5 (11%) recipients
were diagnosed with other conditions. The maximum
follow-up period after HT was 2215 days (median 264.5
[32; 785.3]).

All patients with indications for HT underwent a rou-
tine examination according to the National Clinical Gui-
delines ‘Heart Transplantation and Mechanical Circula-
tory Support’ and the patient management protocol at the
Shumakov National Medical Research Center of Trans-
plantology and Artificial Organs. After transplantation,
routine examinations of the recipient included clinical
assessment of the state, general and biochemical blood
tests to determine tacrolimus levels, 24-hour blood pres-
sure monitoring (to correct antihypertensive therapy),
echocardiographic examination, repeated myocardial
biopsies, and annual coronary angiogram. All recipients
received a three-component immunosuppressive thera-
py, including a combination of calcineurin inhibitors
(tacrolimus) and cytostatics (mycophenolate mofetil or
mycophenolonic acid), as well as varying doses of oral
prednisolone, depending on the time after surgery and
the frequency of graft rejection episodes and adjuvant
medication as indicated [1].

The material for the study of microRNA expression
was venous blood plasma (1 to 3 samples from each
patient, mean 1.22). Patients’ peripheral blood samples
were collected in disposable tubes with anticoagulant
ethylenediaminetetraacetic acid (EDTA), centrifuged
for 10 minutes at 3000 rpm, after which blood plasma
was separated from the cell sediment and immediately
frozen at —20 °C. Total RNA was isolated from 100 uL.
of blood plasma using Serum Plasma kits (Qiagen, USA)
with preliminary addition of 1.6 x 10® copies of synthetic
cel-miR-39 microRNA (Qiagen) after plasma incubation
with Qiazol phenolic mixture. Cel-miR-39 was used as
an internal control for the efficiency of RNA isolation,
complementary DNA (cDNA) synthesis, and quantita-
tive polymerase chain reaction (PCR) in real time. The
intensity of miRNA expression was calculated using the
2-ACT method [14] and was expressed in relative units
equivalent to log, (2°“"), where ACt are the working
values of the change in the product production cycle
relative to the internal control of cel-miR-39 miRNA
expression.

Acute cellular rejection (ACR) and antibody-mediated
rejection (AMR) were verified by examining endomyo-
cardial biopsy specimens. For histological examination,
endomyocardial pieces were fixed in 10% formalin, then
washed with water, dehydrated and embedded in paraf-
fin. 3—4 pum thick slices were prepared on a microtome.
To diagnose ACR, the slices were stained with hemato-
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xylin and eosin; to diagnose AMR, an immunohistoche-
mical study was used. The degree of ACR and AMR was
assessed according to the recommended classifications
adopted by the International Society for Heart and Lung
Transplantation (ISHLT-2004 and ISHLT-2013).

Statistical data processing

Sensitivity and specificity were measured using
ROC analysis. To assess the diagnostic significance of
miRNA-101 and miRNA-27, a relative risk index was
used. The Youden’s index was calculated to determine
the threshold level of microRNA expression. The test’s
sensitivity (Se) is represented by the proportion of true
positive cases, while specificity (Sp) is the proportion of
true negative cases. The test’s diagnostic accuracy (De)
is expressed as the percentage ratio of the sum of all true
cases to the total number of results obtained. Statistical
analysis of results obtained was done using software
and standard statistical processing methods of the ap-
plied software package Statistica v.13.0 from StatSof-
tinc. (USA). Obtained data was statistically processed
by nonparametric methods: for comparison of dependent
samples, the paired Wilcoxon test was calculated, and
the Mann—Whitney U test was used to compare the inde-
pendent variables. The critical level of significance was
assumed to be 5%, i.e. the null hypothesis was rejected
atp <0.05.

RESULTS AND DISCUSSION

The miRNA-101 and miRNA-27 expression indi-
cators in heart recipients are presented as a median of
concentrations [interquartile range] with an indication
of the significance of differences, which is due to the
distribution of values other than normal.

During the entire follow-up period after transplantati-
on, signs of acute rejection were verified in 27 recipients
in 31 endomyocardial biopsy specimens. Among them,
ACR (grades R1G-R3G according to ISHLT-2004 clas-
sification) was observed in 23 recipients in 24 samples,
and AMR in 6 recipients in 6 samples, and mixed acute
rejection in 1 sample.

Fig. 1 shows the morphological picture of endomyo-
cardial biopsy specimens of the transplanted heart, in
which ACR and AMR signs were detected.

Recipients with and without acute graft rejection did
not differ significantly by age (p = 0.84), sex (p = 0.07),
and pre-transplant diagnosis (p = 0.51). When we ana-
lyzed tacrolimus blood levels in cardiac recipients, no
significant differences were found in the group of pati-
ents with and without acute rejection — 8.1 [6.7; 10.7]
and 9.9 [6.1; 12] ng/mL, respectively (p = 0.75).

It was found that the miRNA-101 and miRNA-27
expression levels in recipients with acute graft rejection
was significantly lower than in recipients without rejec-
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tion (p = 0.04 and p = 0.03, respectively, Fig. 2). The re-
sults obtained are consistent with available reports on the
inhibitory effect of miRNA-101 [15-17] and miRNA-27
[18, 19] on the development of fibrotic processes in the
heart and other organs.

We used the ROC-curve analysis to determine the
diagnostic significance of miRNA-101 and miRNA-27 as
amarker of acute rejection of transplanted heart (Fig. 3).

Calculations showed that the area under the ROC
curve of miRNA-101 and miRNA-27 in heart recipients

Fig. 1. Study of endomyocardial biopsy specimens. (a) multifocal moderate ACR of a heart transplant (R2G grade according
to ISHLT-2004 classification). H&E stain. 400x. (b) fixation of the C4d fragment of the complement in the myocardial capil-

lary wall in AMR. Immunohistochemistry analysis
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with acute graft rejection is 0.676 and 0.719 (p = 0.02
and p = 0.002, respectively).

The threshold expression levels of miRNA-101 and
miRNA-27, significant for the diagnosis of acute graft
rejection in cardiac recipients, were determined by op-
timal combination of sensitivity and specificity values
corresponding to the highest Youden’s index [20].

Fig. 4 shows a graph of sensitivity and specificity de-
pendence on the miRNA-101 and miRNA-27 expression
levels in blood plasma in relation to acute graft rejection
in cardiac recipients.
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The threshold of miRNA-101 expression, which is a
significant factor for diagnosis of acute graft rejection
in cardiac recipients, was —8.36. When the miRNA-101
expression level is below this threshold, the likelihood
of the risk of developing acute graft rejection is 1.8 times
higher than in recipients with miRNA-101 expression
level above this threshold (sensitivity 53.6%, specificity
79.2%). The diagnostic accuracy of the test was 65.4%.
The threshold value of miRNA-27 expression, which is
a significant factor for diagnosis of acute graft rejection
in cardiac recipients, was —5.07. When the miRNA-27
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Fig. 4. Diagnostically significant threshold expression levels of miRNA-101 and miRNA-27 in heart recipients with acute
transplant rejection
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Table

The diagnostic significance of the expression levels of miRNA-101 and miRNA-27 is below the thresholds
in heart recipients with acute transplant rejection

miRNA RR 95% CI Se Sp De
miRNA-101 1.8 [1.132-3.012] 53.6% 79.2% 65.4%
miRNA-27 1.9 [1.122-3.367] 64.3% 70.8% 67.3%
miRNA-101 + miRNA-27 2.0 [1.158-3.364] 60.0% 78.9% 68.2%

expression level is below this threshold, the probability
of the risk of developing acute graft rejection is 1.9 times
higher than in recipients with miRNA-27 expression le-
vel above this threshold (64.3% sensitivity, 70.8% speci-
ficity). The test’s diagnostic accuracy was 67.3% (Table).

When assessing the diagnostic significance of com-
bined measurement of microRNA-101 and microR-
NA-27 with respect to acute graft rejection in heart re-
cipients, it was found that when the expression level of
these microRNAs is below the thresholds determined, the
probability of the risk of developing acute graft rejection
is twice as high (60.0% sensitivity, 78.9% specificity).
The test’s diagnostic accuracy is 68.2%.

CONCLUSION

In heart recipients, the miRNA-101 and miRNA-27
expression levels are of diagnostic significance with
respect to acute graft rejection. With microRNA-101
expression level <-8.63 units (log, (2°*“"), the risk of
acute graft rejection in heart recipients is 1.8 times higher
than in recipients with microRNA-101 expression level
above the threshold. At a microRNA-27 expression level
<-5.07 arbitrary units (log, (27*<"), the risk of develo-
ping acute graft rejection in heart recipients is 1.9 times
higher than in recipients with the miRNA-27 expression
level above the threshold. When the miRNA-101 and
miRNA-27 expression levels below the thresholds si-
multaneously, the risk of developing acute graft rejection
doubles.
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OUTCOMES

E.A. Tenchurina', M.G. Minina"’

"' Botkin City Clinical Hospital, Moscow, Russian Federation
2 Shumakov National Medical Research Center of Transplantology and Artificial Organs, Moscow,
Russian Federation

Selection of heart donors is the most important stage on which the success of heart transplantation depends. Objec-
tive: to create a donor heart scoring model based on a number of donor characteristics. Materials and methods.
The study used data from 650 brain-dead donors who underwent organ explantations between January 1, 2012 and
December 31, 2017. In binomial logistic regression, non-selection of heart donor was used as a dependent variable,
while donor characteristics were used as factor features. In regression model, the odds ratio was determined for
each donor factor, which was transformed into points. The sum of the points of each of the donor factors included
in the model was taken as the score of the donor heart. The proposed model was validated on a sample of donors
for the period from January 1, 2019 to December 31, 2019; n = 218. Results. The model includes donor charac-
teristics, such as age, cause of death (traumatic brain injury (TBI)/stroke), history of hypertension and diabetes,
cardiac arrest with subsequent recovery, own pathology and traumatic heart disease, as well as heart rate, systolic
blood pressure, arterial lactate, and need for norepinephrine immediately before organ harvesting. Based on the
average value of the sum of points, low-risk donors (LRD <17 points) and high-risk donors (HRD >18 points)
were identified. In the validation pool of donors, the proportion of heart failure among LRD and HRD was 4.1%
and 78.6%, respectively, p < 0.0001, Pearson’s x> — 130.9. Conclusion. The presented donor heart scoring model
accurately reflects the probability of using a donor’s heart for transplantation and creates conditions for optimal

distribution of heart transplants, especially from high-risk donors.

Keywords: donor heart scoring model, donor heart risk factors.

INTRODUCTION

When deciding on the suitability of a donor heart for
transplantation, the specialists need to consider a large
number of both donor and recipient factors in order to
achieve optimal outcomes. It is often difficult to subjec-
tively determine the total risk of heart transplantation,
especially when it involves expanded criteria donors. In
the world, there is a practice of using statistical models
that determine the relationship between initial factors
and final outcome to make an objective decision. In such
models, the donor heart score is usually measured by the
sum of the scores determined for each factor. The most
famous models of this kind are the European model [1]
and the model created by American researchers using
the UNOS database [2]. Improving the assessment of
the state of the donor heart, as well as standardizing the
risk factors, are extremely pressing issues for improving
the efficiency of heart transplantation [3].

MATERIALS AND METHODS

We used data from 650 brain-dead donors who un-
derwent organ explantations from January 1, 2012 to
December 31, 2017. In 198 (30.5%) donor cases, it was
decided not to use the donor heart for transplantation.

At the initial stage, a general analysis of the reasons for
non-selection of a donor heart was conducted, taking
into account the age category of donors. A comparative
analysis of indicators between donor groups who died
from traumatic brain injury (TBI) and stroke was carried
out. Binary logistic regression was used to estimate the
cumulative risk of using a donor heart for transplanta-
tion, the end point of which was non-selection of the
donor heart. Independent factors were donor characte-
ristics — age, sex, cause of death, high blood pressure,
diabetes, circulatory arrest, lifetime heart disease and
acute traumatic cardiac injury. The following indicators
were considered in two values — mean arterial pressure
(MAP), heart rate (HR), hemoglobin, pH, lactate, Na,
glucose, norepinephrine need, and creatinine. The odds
ratio (OR) obtained in the regression model was assig-
ned, as a score, to each donor factor included in the mo-
del. The donor heart score was obtained by summing the
scores of the factors encountered in a particular donor.
Based on the mean value of the sum of scores, low-risk
donors (LRD <17 points) and high-risk donors (HRD
>18 points) were identified. A pool of 218 donors from
January 1 to December 31, 2019 was used to validate
the model presented. Verification of the model revealed
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a significant difference in the proportion of donor heart
non-selection, depending on the donor heart score.

Data was processed using the SPSS23.0 software for
Windows.

DISCUSSION AND RESULTS

The clinical characteristics of 650 donors were stu-
died from January 1, 2012 to December 31,2017 (Fig. 1).
Heart explantation was performed in 452 (69.5%) do-
nors, the heart was not used for transplantation in 198
(30.5%) cases. The distribution of reasons for non-selec-
tion of a donor heart are given in Fig. 2. It is notewor-
thy that in the older group of donors, own disease and
heart injuries, high blood pressure, diabetes come out
on top as the reasons for non-selection of a donor heart
for transplantation.

In a group of donors under 50, non-selection due to
severe concomitant injuries, including those affecting
the chest organs, predominate. The number of rejections
associated with poor donor homeostasis was comparable
in both age groups.

Among all donors whose hearts were not used for
transplantation, the number of those who died from stroke
was 2.3 times higher than those who died from traumatic
brain injury. Donors with stroke are significantly older
than donors with traumatic brain injury (p < 0.0001). At
the same time, donors with traumatic brain injury have
worse homeostasis indicators than donors with vascular
lesions due to the higher frequency of traumatic and
hemorrhagic shock symptoms and severe hemodynamic
disorders in donors with brain injury (Table 1).

Multivariate regression model of donor heart
evaluation
Table 2 presents the donor factors significantly influ-

encing the decision to reject a donor heart. Factors that
did not demonstrate statistically significant influence on

Total number

of brain-dead donors =l

Heart explanted

452

Heart not explanted 198

0 100 200 300 400 500 600 700

Fig. 1. Distribution of a pool of brain-dead donors included
in the study

the decision to reject a donor heart were excluded from
the model — donor gender, MAP, HR, hemoglobin, pH,
lactate, Na, blood glucose and creatinine, and norepine-
phrine requirements recorded during the initial examina-
tion of a potential heart donor. Two factors showed pos-
sible credibility, lactate 2 (p = 0.060) and norepinephrine
requirement — 2 (0.061), and we considered it possible
to include them in the regression model.

The degree of influence of each of the factors, de-
termined by the OR value, was converted into scores.
The ORs obtained from the regression model reflect the
probability of donation depending on the presence/ab-
sence of a particular factor in the donor in comparison
with the baseline values of donor factors. For example,
the chance of refusing to use a heart for transplantation
from a 56-year-old donor was 1.85 times greater than
for a 46-year-old donor, whose OR value was taken as
the baseline and was 1 point (Table 2). Table 3 shows
how heart donor scores are calculated. A 46-year-old
donor who died from cerebrovascular disease and had
concomitant diseases with a score of 19 is considered
a high-risk heart donor, while a 56-year-old donor,
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Fig. 2. Reasons for non-selection of donor heart
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Table 1
Comparative analysis of donors whose hearts were not used for transplantation
Factor TBI (n = 60) Stroke (n = 138) P
Mean value Min—-Max Mean value Min—-Max

Age, years 46.4 (n = 60) 19-64 52.5 (n=138) 27-67 <0.0001

pH, unit pH 7.38 (n=49) 6.97-7.60 7.39 (n=129) 6.90-7.62 0.47

Lactate, mmol/L 4.72 (n=34) 0.7-22 2.74 (n=94) 0.2-9.2 0.001

Na, mmol/L 149.7 (n=49) 123-178 144.8 (n=130) 131-183 0.007

Hb, g/L 102.9 (n = 43) 56-156 136.5 (n=128) 48-186 <0.0001

Glucose, mmol/L 11.5 (n=48) 6.0-31.0 10.3 (n=127) 3.0-22.8 0.082

Creatinine, pmol/L 99.9 (n = 60) 47.0-239.0 103.0 (n=136) 37.0-549.0 0.676

HA, ng/kg/min 560.4 (n = 60) 0.0-2000 4429 (n=134) 0.0-2500 0.125
Table 2

Regression model for evaluating donor heart. Dependent variable — non-selection of donor heart;
650 donors; January 1, 2012 to December 31, 2017

Factors OR Confidence interval Points* P
Age
<45 0.35 0.237-0.504 1
45-54 1.22 0.86-1.74 1 <0.0001
55-59 1.85 1.24-2.77 2
>60 2.81 0.86-1.74 3
Cause of death
Stroke 1.51 1.06-2.16 2 0.024
TBI 0.66 0.46-0.95 1
Hypertension
Yes 1.96 1.39-2.8 2 0.001
No 0.506 0.36-0.72 1
Diabetes
Yes 1.97 1.19-3.26 2 0.009
No 0.51 0.31-0.843 1
Circulatory arrest™**
Yes 23.99 3.05-188.72 24 <0.0001
No 0.042 0.005-0.33 1
Pathology and traumatic heart injury***
Yes 14.61 6.39-33.43 15 <0.0001
No 0.68 0.30-0.157 1
Heart rate-2, beats/min
<60 7.45 0.77-72.1 7
60-90 0.51 0.36-0.74 1 <0.0001
>90 1.83 1.27-2.63 2
SBP-2, mmHg
<70 0.57 0.06-5.12 1
70-110 0.63 0.44-0.91 1 <0.0001
110-150 1.42 0.97-2.10 1
>150 3.03 1.11-8.25 3
Lactate-2, mmol/L
<2 0.58 0.37-0.89 1 0.060*
>2 1.72 1.13-2.64 2
Norepinephrine-2, ng/kg/min
<100 1.23 0.85-1.77 1
100-600 0.785 0.56-1.10 1 0.061**
600-1000 0.813 0.45-1.46 1
>1000 2.615 1.09-6.26 3

Note. * Maximum 63 points, minimum 10 points. Low-risk donor <17 points, high risk donor >18 points. ** Circulatory arrest
at pre-hospital or hospital stages. *** CHD, rhythm disturbances, pathology and valve replacement, traumatic heart injury.
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without concomitant diseases, whose cause of death was Table 3
traumatic head injury is regarded as a low-risk heart do- Example of how scores for heart donors are
nor according to the proposed model. Rejection rate of calculated
donors who scored 19 and 13 points in the verification Factor Donor 1 | Points | Donor 2 | Points
pool was 100% and 2.8% respectively. Age 46 1 56 2
The functionality of the proposed model was assessed | Cause of death Stroke | 2 TBI 1
using donor pool validation. The proportion (%) of rejec- H}’perte“S‘OH Yes 2 No !
tions increased significantly, with total donor attainment | 21abetes Yes 2 No 1
of 18 points or more (Fig. 3). Rejections for LRDs and glz;uiatory ageSt No ! No !
'HRDs.wge 4.1 % agd 78.6% respectively. The diff?renge ¢ rzurg;[‘igcy}f; rt injury No 1 No 1
is statistically significant (p < 0.0001), Pearson’s chi-  eart rate-2, beats/min | 56 7 9% )
squared was 130.9. SBP-2, mmHg 103 1 ]9 1
Lactate-2, mmol/L 0.8 1 2.1 2
CONCLUSION Norepinephrine-2,
. .. . . 270 1 100 1
We obtained an objective tool for primary assessment | ng’kg/min
of a donor heart in the context of donor risk factors. The | Total score 19 13
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Fig. 3. Heart donor scores and proportion of rejection (%) in the validation pool of brain-dead donors

regression model reflects the evolution in the assessment
of heart donors observed in Moscow over the past 10
years. Instead of a subjective assessment of each of the
donor factors and their associated risks of poor trans-
plant outcome, we have developed an evidence-based
assessment system for donor heart refusal. The regressi-
on model can be used in the earliest stages of heart donor
assessment as a tool for identifying high-risk donors.
Undoubtedly, the final decision on the suitability of a do-
nor heart for transplantation rests on specialists providing
transplant care, based on, among other things, the re-
sults of invasive high-tech imaging studies, if necessary.
However, at the initial stage of selection of a donor heart
for transplantation, a simple and affordable tool that al-
lows you to quickly present objective information about
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the donor to all interested transplant centers for prelimi-
nary selection of a recipient is needed.
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FEATURES OF HAEMOPHILUS INFLUENZAE TYPE b VACCINE
IN PATIENTS WAITLISTED FOR LUNG TRANSPLANTATION
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Objective: to evaluate the immunological efficacy of Haemophilus influenzae type b (Hib) vaccine in patients with
severe bronchopulmonary condition waitlisted for lung transplantation. Materials and methods. 16 patients (age
22-61 years) with severe bronchopulmonary diseases were vaccinated once against Hib infection. IgG antibody
concentrations to Hib capsular polysaccharide before vaccination and 1 month after was measured by ELISA
using a test system developed at Mechnikov Research Institute of Vaccines and Sera. Statistical data processing
was carried out using stats (v.3.6.2), Ime4 (v.1.1 —21), and ImerTest (v.3.1 — 1) packages. Results. Hib vaccine in
patients with severe bronchopulmonary condition did not elicit any local or systemic reactions. The proportion of
patients whose antibody (Ab) concentrations to Hib capsular polysaccharide exceeded the long-term protection
threshold was 69% and 100% before and after vaccination, respectively (p = 0.02). There were differences in the
formation of post-vaccination immunity depending on the nosological forms of patients’ diseases. In the group of
patients with obstructive pulmonary diseases, the geometric mean level of antibodies to the Hib capsular polysac-
charide after vaccination increased as compared to the baseline value — from 1.3 [0.6-2.8] to 5.5 [1.9-15.4] AU/
mL, (p = 0.05). In the group of patients with restrictive lung diseases, the level did not change — 2.8 [0.6—14.1]
AU/mL before vaccination and 3.4 [1.3-8.5] AU/mL 1 month after vaccination. In the group of patients taking
glucocorticosteroids, there was no increase in the level of antibodies to Hib capsular polysaccharide (2.7 [0.8-9.3]
AU/mL before and 2.8 [1.2—6.5] AU/mL after vaccination). In the group of patients who did not take hormones,
antibody concentrations to Hib capsular polysaccharide increased from 1.2 [0.7-2.1] AU/mL to 4.8 [2.2—-10.1]
AU/mL (p = 0.006). Conclusion. Hib vaccination of waitlisted patients with severe bronchopulmonary disease
is safe and immunologically effective.

Keywords: Haemophilus influenzae type b, IgG, vaccine prophylaxis, adults, bronchopulmonary diseases.

Haemophilus influenzae type b (Hib) vaccination is a
good example of the efficacy of this method in preven-
ting infectious diseases. The introduction of vaccination
using first a polysaccharide and later a conjugate vaccine
significantly reduced the incidence of Hib infection, es-
pecially in children younger than 5 years old. It was in
this age group that severe invasive forms of the disease,
such as meningitis and pneumonia, were most often no-
ted, which in many cases ended in death or disability
[1-3]. WHO is currently recommending the inclusion
of Hib vaccination in routine prevention programs for
children. In 2018, vaccination against this infection was
included in national vaccination calendars across 191
countries around the world [4, 5].

Healthy adults usually do not receive Hib vaccine,
since most of them are carriers of the bacteria, or the
disease proceeds as acute respiratory infections, mainly
in mild and clinically not pronounced forms. The risk
group for invasive Hib infection primarily includes pa-

tients with functional and anatomic asplenia. However,
according to a study by D.C. Cassimos et al., out of 42
European countries, only 5 have included Hib vaccinati-
on for adults at risk in their national vaccination policies;
the vaccination is recommended in 3 countries and is
compulsory in 2 countries [6]. This being said, the risk
groups for severe Hib infection in some countries inclu-
de patients with HIV infection, patients with malignant
tumors, and solid organ recipients [7].

The aim of the study was to evaluate the immunolo-
gical efficacy of Hib vaccination in patients with severe
bronchopulmonary condition waitlisted for lung trans-
plantation.

MATERIALS AND METHODS

The study included 16 patients with severe bron-
chopulmonary diseases aged 22 to 61 years (median
42 [41-47] years). Among those examined were 81.3%
(13/16) women and 18.8% (3/16) men. There were 44%
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(7/16) of patients with chronic obstructive pulmonary
diseases (COPD, lymphangioleiomyomatosis, emphyse-
ma), 31% (5/16) with restrictive lung disease (idiopathic
pulmonary fibrosis, fibrosis resulting from exogenous
allergic alveolitis, nonspecific interstitial pneumonia),
3 patients had pulmonary vascular diseases (pulmonary
hypertension of various origins) and one with cystic fib-
rosis. Patients with obstructive diseases received therapy
with bronchodilators, mucolytics, while the patient with
cystic fibrosis also received antibiotic therapy. Patients
with idiopathic pulmonary fibrosis were treated with
fibrostatics. In other types of interstitial lung diseases
(fibrosis resulting from exogenous allergic alveolitis,
nonspecific interstitial pneumonia), the patients received
small doses of systemic glucocorticoids. Patients with
pulmonary hypertension were on PAH-specific therapy
with endothelin receptor antagonists, guanylate cyclase
stimulants, and prostacyclin drugs. At the time of vac-
cination, 38% (6/16) of patients were taking glucocorti-
coids. The patients had not previously been vaccinated
against Hib.

Hib vaccination was carried out in the absence of an
exacerbation of the underlying disease and signs of res-
piratory infection. A single 0.5 mL intravenous Hiberix
vaccine (manufactured by GlaxoSmithKline) was admi-
nistered. Before vaccination and 1 month after, there was
blood sampling, followed by measurement of the IgG
antibody (Ab) concentrations against the Hib capsular
polysaccharide.

The serum Ab concentrations (IU/mL) in the exa-
mined were determined by enzyme-linked immunosor-
bent assay (ELISA) using a test system developed at
the Mechnikov Research Institute of Vaccines and Sera,
Moscow [8]. A>0.15 IU/mL concentration was conven-
tionally regarded as the antibody concentration providing
short-term protection, while >1 IU/mL was considered
the threshold for long-term protection.

STATISTICAL ANALYSIS

Descriptive statistics of quantitative features were
represented by the geometric mean and 95% confidence
interval (95% CI) for Ab, and for median and interquar-
tile range for the age of the subjects. Qualitative traits
were represented by the proportion with 95% CI, calcu-
lated by the Clopper-Pearson method, and the absolute
number of subjects with the trait under study in the total
group population (n/N). Initial quantitative data were
pre-logarithmized and checked for compliance with nor-
mal distribution (Shapiro-Wilk test was used). The check
showed that all the logarithmic features corresponded
to normal distribution. All calculations were performed
on the transformed data, with reverse transformation of
results obtained.

Two related samples (before/after vaccination) were
compared based on quantitative criteria by the Student’s
t-test for related samples, and based on qualitative crite-
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ria by McNemar’s test. Two independent samples were
compared under qualitative criteria by Fisher’s exact test.
A mixed-effects model was used to analyze the change
in Ab levels depending on the period and study group.
The prerequisites for use were tested by the Levene’s test
(homoscedasticity of residuals) and the Shapiro-Wilk test
(normal distribution of standardized residuals). Post-hoc
tests were performed using Tukey Test. The relationship
between the two quantitative traits was calculated using
Spearman’s correlation. All calculations were performed
in free statistical environment R (v.3.6, GNU GPL2 li-
cense). Packages stats (v.3.6.2), Ime4 (v.1.1 — 21), and
ImerTest (v.3.1 — 1) were used.

RESULTS

Administration of the Hib vaccine in patients with
severe bronchopulmonary disease was not accompanied
by local and systemic reactions, although in childhood
immunization, it can rarely lead to such phenomena.

In all patients enrolled in the study, antibody concen-
trations against the Hib capsular polysaccharide before
vaccination exceeded 0.15 IU/mL. The proportion of
subjects with Ab concentrations exceeding the long-
term protection threshold before and after vaccination
was 69 [41-89]% (11/16) and 100 [79-100]% (16/16)
respectively, the differences tending to be statistically
significant (p = 0.06 — McNemar’s exact test).

The geometric mean of Ab concentrations against the
Hib capsular polysaccharide before and after vaccina-
tion was 1.7 [1.0-2.8] IU/mL and 3.9 [2.3-6.6] IU/mL
respectively. So, the indicator increased 2.3 [1.2-4.6]
times, and this increase was statistically significant (p =
0.02) (Fig. 1).

Among the patients enrolled in the study, 7 had obst-
ructive pulmonary disease, 5 had restrictive lung disease,
3 had vascular pulmonary disease and one had cystic fib-
rosis. Among patients with vascular pulmonary disease, 2
out of 3 people had a protective threshold for Ab concen-
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Fig. 1. Geometric mean of antibody concentrations against
the Hib capsular polysaccharide before and after vaccination.
Individual values, geometric mean and 95% CI are shown



RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS

Vol. XXII' N2 4-2020

trations against the Hib capsular polysaccharide, which
is necessary for long-term protection against infection.
Before vaccination, 2 out of 3 people had protective Ab
concentrations while after vaccination, all 3 patients had
protective Ab levels. In a patient with cystic fibrosis, the
baseline antibody concentrations against the Hib capsu-
lar polysaccharide exceeded the threshold required for
long-term protection against infection. The proportion of
subjects with Ab concentrations against the Hib capsular
polysaccharide required for long-term protection against
infection among patients with obstructive and restrictive
lung diseases before and after vaccination is shown in
the table (Table 1).

The study revealed an increase in the proportion of
patients with Ab concentrations against the Hib capsular
polysaccharide in both groups at the necessary long-term
protection levels. This increase was not statistically sig-
nificant, probably due to the small sample size.

A linear mixed effect model was used to analyze the
change in the Ab concentrations against the Hib capsular
polysaccharide depending on the period and study group.
The study period and the group were the fixed effects,
individual changes for each subject were considered as
random effects. The prerequisites for application of the
method were met: homoscedasticity of residuals was
tested by the Levene’s test (p = 0.15), while the normality
of distribution of standardized residuals was tested by
the Shapiro-Wilk test (p = 0.59). The analysis revealed
that the average Ab concentrations against the Hib cap-
sular polysaccharide did not differ between patients with
obstructive and restrictive lung diseases (p = 0.22). The
study period (before/after vaccination) had a statisti-
cally significant effect (p = 0.01), and the change in Ab
concentrations against the Hib capsular polysaccharide

resulting from vaccination may differ between groups
of subjects with different diseases (p = 0.07, trending
toward statistical significance). The geometric mean Ab
concentrations against the Hib capsular polysaccharide
in the study groups before and after vaccination, as well
as post-hoc test results, are shown in Table 2.

Individual data on the dynamics of Ab concentrations
against the Hib capsular polysaccharide before and after
vaccination in vaccinated patients are clearly presented
in Fig. 2.

In the group of patients with obstructive pulmonary
diseases, the geometric mean Ab concentrations against
the Hib capsular polysaccharide after vaccination incre-
ased by 4.1 [1.1-14.7] times compared with the base-
line: from 1.3 [0.6-2.8] IU/mL to 5.5[1.9-15.4] IU/mL,
the increase is statistically significant (p = 0.05). In the
group with restrictive diseases, the geometric mean Ab
concentrations against the Hib capsular polysaccharide
did not change statistically significantly after vaccination
(p=0.99)-2.8[0.6-14.1] IU/mL before vaccination and
3.4[1.3-8.5] IU/mL 1 month after the procedure. There
were no statistically significant differences between the
study groups with different lung diseases, both before
vaccination (p = 0.63) and after vaccination (p = 0.89).

The next stage of the study was to evaluate the effect
of taking glucocorticoid on changes in Ab to the Hib
capsular polysaccharide during vaccination. A mixed-
effects model was used, with the study period and the
presence/absence of hormones used as fixed factors, in-
dividual changes for each subject were taken as random
factors. The prerequisites for application of the method
were met (Levene’s test — p = 0.94, Shapiro-Wilk test —
p =0.22). As a result, it was found that, on average, Ab
concentrations against the Hib capsular polysaccharide

Table 1

Percentage of patients with Hib capsular polysaccharide antibodies required for long-term protection
against infection, before and after vaccination, depending on the study group

Study groups Before vaccination 1 month after vaccination Dynamics analysis'
Abs. % Abs. %
Obstructive diseases 4 57.1 [18-90] 7 100 [59-100] p=0.25
Restrictive diseases 4 80.0 [28-99] 5 100 [48—-100] p=1.00
Differences between groups’ p=0.58 p=1.00 —
Note: ! — McNemar’s test was used; 2 — Fisher’s exact test was used.
Table 2

Geometric mean of IgG antibody concentrations against the Hib capsular polysaccharide before and after
vaccination, depending on the study group

Study groups Geometric mean of antibody concentrations and 95% CI Dynamics analysis'
Before vaccination 1 month after vaccination
Obstructive diseases 1.3 [0.6-2.8] 5.5[1.9-15.4] p=0.05
Restrictive diseases 2.8 [0.6-14.1] 3.4[1.3-8.5] p=0.99
Differences between groups’ p=0.63 p=0.89 —

Note: "? — Tukey’s post hoc test was used.
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Fig. 2. Antibody concentrations against the Hib capsular polysaccharide before and after vaccination, depending on the di-
sease. Individual values, geometric mean and 95% CI are shown

is independent of hormone intake (p = 0.12), and the
Ab concentration changes statistically significantly after
vaccination (p = 0.002), but the intensity of this change
differs depending on hormone intake (p = 0.03). The
geometric mean of Ab concentrations against the Hib
capsular polysaccharide before and after vaccination,
depending on hormone intake, as well as the results of
post-hoc tests, are given in Table 3.

Individual data on changes in Ab concentrations in
vaccinated patients with and without hormone therapy
are shown in Fig. 3.

There was no statistically significant increase in Ab
concentrations against the Hib capsular polysaccharide in
the group of patients taking glucocorticoid, the geometric
mean level was 2.7 [0.8-9.3] IU/mL before vaccination
and 2.8 [1.2-6.5] IU/mL after (p = 1.00). Whereas in
the hormone-free patient group, the geometric mean Ab
concentration increased 3.9 [1.7-9.0] times as a result of
vaccination: from 1.2 [0.7-2.1] IU/mL to 4.8 [2.2-10.1]
IU/mL, the change is statistically significant (p = 0.006).
There were no statistically significant differences
between the study groups, either before vaccination
(p =0.39) or after (p = 0.73).

Table 3

Geometric mean of antibody concentrations against the Hib capsular polysaccharide before and after
vaccination, depending on hormone intake

Took hormone Geometric mean of antibody concentrations and 95% CI Dynamics analysis'
Before After
No 1.2 [0.7-2.1] 4.8 [2.2-10.1] p=0.006
Yes 2.7 [0.8-9.3] 2.8 [1.2-6.5] p=1.00
Differences between groups’ p=0.39 p=0.73 —

Note: "2 — Tukey’s post hoc test was used.

No hormone intake

[\
(=]
L

—_
(9]
L

*

—
(=]
L

Ab concentration, u/mL

W
L

Hormone intake

Before After

Before After

Fig. 3. Antibody concentrations against the Hib capsular polysaccharide before and after vaccination, depending on GCs
intake. Individual values, geometric mean and 95% CI are shown
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It should be noted that hormone intake is very stron-
gly associated with restrictive lung diseases: 83% (5/6)
of all cases of hormone intake occur in the patients of
this group.

Next, we analyzed the effect of the age of the subjects
on changes in Ab concentrations against the Hib capsu-
lar polysaccharide during vaccination. A mixed-effects
model was used, the study period and the subject’s age
were the fixed factors, while the individual changes for
each subject were taken as random factors. The prere-
quisites for applying the method were met (Levene’s
test—p = 0.83, Shapiro-Wilk test—p =0.51). Regression
curves characterizing the dependence of Ab concent-
rations against the Hib capsular polysaccharide on the
subject’s age, estimated using the linear mixed effects
models (LMEM), are shown in Fig. 4.

There was a statistically significant increase in con-
centrations of Hib capsular polysaccharide antibodies
after vaccination (p = 0.02), and the intensity of the
increase was independent of age (p = 0.84). The rela-
tionship between the Ab concentration and age of the
subject (p = 0.02) was also established. This relation-
ship manifests itself only after vaccination (correlation
coefficient of age and Ab concentrations — rs = 0.48,
p = 0.05), before vaccination the relationship was weak
and statistically insignificant (rs = 0.26, p = 0.34). This
may be a consequence of the different immune response
to vaccination in subjects with different lung diseases, as
well as the fact that the group of subjects with obstructive
diseases is somewhat older than restrictive diseases: 43
[41-49] years versus 32 [32—43] years (differences were
not statistically significant p = 0.25).

Subsequently, we analyzed the relationship between
the age of vaccinated patients and changes in Hib cap-
sular polysaccharide antibody concentrations after vac-
cination within certain groups of lung diseases. For the

analysis, a mixed-effects model was applied separately
for patients with obstructive and restrictive diseases.
The period and age of the subjects were the fixed fac-
tors; individual changes of each member of the group
served as random factors. The prerequisites for applica-
tion of the method were met in both groups (p =0.16 —
Levene’s test, p = 0.41 — Shapiro-Wilk test in the obs-
tructive pulmonary disease group; p = 0.45 — Levene’s
test, p = 0.52 — Shapiro-Wilk test in the restrictive lung
disease group). Regression curves characterizing the
dependence of Hib capsular polysaccharide anybody
concentrations on the subject’s age, estimated using the
linear mixed effects model (LMEM) separately for each
group of lung diseases, are shown in Fig. 5.

Analysis found no relationship between age and Ab
concentrations against the Hib capsular polysaccharide in
any of the groups (p =0.29 in the obstructive pulmonary
disease group, p = 0.15 in the restrictive lung disease
group). In the group with restrictive lung diseases, there
were no statistically significant changes in Hib capsular
polysaccharide antibody concentrations after vaccination
(p = 0.14). At the same time, the absence of changes in
Ab concentrations is characteristic of all ages (no cor-
relation between age and intensity of change, p =0.16).
While in the group of subjects with obstructive pulmo-
nary diseases, there is a statistically significant increase
in the Ab concentration after vaccination (p = 0.02), the
intensity of increase was independent of age (p = 0.82).

DISCUSSION

Lung transplantation is the only treatment for end-
stage lung diseases. The lung transplantation waiting
list includes patients with severe bronchopulmonary
conditions, for whom all other treatments have proved
ineffective. The main nosologies of waitlisted candida-
tes are obstructive pulmonary diseases, cystic fibrosis,
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Fig. 4. Antibody concentrations against the Hib capsular polysaccharide before and after vaccination, depending on the age of
the subjects. Individual values and regression curves estimated using the LMEM are shown
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Fig. 5. Antibody concentrations against the Hib capsular polysaccharide before and after vaccination, depending on the age of
the subjects and their disease. Individual values and regression curves estimated using the LMEM are shown

restrictive diseases and pulmonary vascular disease.
After lung transplantation, patients undergo lifelong
immunosuppressive therapy, in most cases including
calcineurin inhibitors, glucocorticoids and antimetabo-
lites, which dramatically increases the risk of infectious
complications [9]. In addition, the predisposing factors
for development of infectious processes in this catego-
ry of patients are constant exposure of the allograft on
environmental factors and violation of natural defense
mechanisms (impaired mucociliary clearance, allograft
denervation, inhibition of cough-reflex sensitivity [10].
As aresult, infectious complications occur 2 times more
often after lung transplantation than after heart trans-
plantation. The most common site of infection is the
transplanted lung itself [11-12]. All this points to the
importance of prevention (vaccine-preventable, prima-
rily respiratory) of infections in terms of management
of waitlisted patients. Vaccination should be started as
early as possible, since immunosuppressive therapy, in-
itiated after transplantation, disrupts innate and acquired
immunity mechanisms, and reduces the effectiveness of
post-vaccination immunity [13-16].

Together with pneumococcal, meningococcal infec-
tions and influenza, Hib is one of the infections posing
a danger to patients with lung diseases [16-22]. In the
pre-vaccination era, the most vulnerable age group was
children younger than 5 years old. The disease overwhel-
mingly proceeded in the form of meningitis [23-25]. At
present, after the introduction of childhood vaccination
against Hib into the national vaccination calendars of
most countries, invasive forms of infection are increasin-
gly described in adults, while the clinical disease in most
cases proceeds in the form of pneumonia. Unencapsula-
ted types of the pathogen prevail [26]. Nevertheless, the
proportion of Hib in invasive forms of disease is 1.6% of
all isolated Haemophilus influenzae strains, while over
60% of adult patients have chronic diseases [27].
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Undoubtedly, invasive forms of Haemophilus influ-
enzae infection are particularly severe in immunocom-
promised patients, which include waitlisted patients,
primarily for lung transplantation. It should be noted
that in COPD patients, about 75-80% of exacerbations
of the disease are infectious in nature, with bacterial pa-
thogens isolated from the sputum or bronchial secretions
of patients in 40—-50%, of which 13—46% are found in
the culture of Haemophilus influenzae [28, 29]. At the
same time, most patients with restrictive lung diseases
receive glucocorticoids in the course of therapy even
before transplantation, as well as, in some cases, cyto-
static therapy, i.e. they are immunosuppressed, which
significantly increases the risk of developing infectious
complications. Hib vaccination in these patients can re-
duce the risk of infectious complications and increase the
chances of remaining alive till transplantation.

Literature data on antibody concentrations against
the Hib capsular polysaccharide in healthy individuals
vary. In a study by Ladhani S.N. et al. in a cohort of per-
sons aged 25 to 85 years, Ab concentrations exceeding
the short-term and long-term protective thresholds were
noted in 41-57% and 8—21% of cases, respectively [30].
These figures differ from those obtained by Nix E.B. et
al., who noted Ab concentrations exceeding the short-
term protective threshold in 97% of healthy controls
[31]. In our study, all patients had Ab concentrations
against the Hib capsular polysaccharide that exceeded
the short-term protective threshold, while the proportion
of patients with Ab concentrations exceeding the long-
term protective threshold was 69%. This data can be
compared with the results obtained by Nix E.B. et al.
showing that the proportion of patients with a protective
Ab level (>0.15 pg/mL) among patients with COPD was
86%; among patients with chronic renal failure, 71% had
protective antibody concentrations, 80% with diabetes,
and 45% with melanoma [31].
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One month after vaccination, the proportion of pati-
ents with long-term Ab protective levels was 100%. The-
re was a statistically significant increase (by 2.3 times)
in the geometric mean Ab concentrations against the
Hib capsular polysaccharide as compared to the initial
values (p = 0.02). Moreover, in 7 patients (44.8%), Ab
concentrations exceeded 5 IU/mL, which also protects
against bacterial carriers. Similar data were obtained
during Hib vaccination in both adults and children with
various bronchopulmonary conditions. Thus, during
combined vaccination of COPD patients against influ-
enza, pneumococcal and hemophilic type b infections,
concentrations of post-vaccination antibodies to the Hib
capsular polysaccharide remained significantly higher
than the initial values at 3, 6 and 12 months after vacci-
nation [32]. Similar data were obtained for vaccination
of children with pulmonary malformations and bronchial
asthma [33-35].

We found that a more pronounced increase in Ab
concentrations against the Hib capsular polysaccharide
was noted in the group of patients with obstructive pul-
monary diseases as compared to the group with restric-
tive diseases. This is probably due to ongoing therapy,
since patients in this group received hormonal therapy.
In this regard, it is necessary to once again note the im-
portance of early vaccination, since with progression of
the disease, hormone dose increases, and this negatively
affects formation of post-vaccination immunity. It is pos-
sible that this patient group needs to be re-vaccinated
against Hib. A similar approach is used in the Serbian
national guidelines on vaccination against Hib for at-
risk groups. Under these guidelines, patients vaccinated
against Hib before surgery are given the drug once, and
2 or more times in the post-transplant period (i.e., in
immunosuppressive therapy) [7].

The study did not reveal any correlation between the
age of the patients and antibody concentrations against
the Hib capsular polysaccharide. Consequently, forma-
tion of antibodies is influenced by the ongoing therapy,
which is in direct proportion to the severity of the di-
sease.

So, Hib vaccination should be considered as an in-
tegral part of prevention of infectious complications in
patients with severe bronchopulmonary diseases. The
vaccine is not only safe, but also immunologically effec-
tive in lung-transplant waitlisted candidates with severe
bronchopulmonary conditions.

The authors declare no conflict of interest.
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INDUCTION OF CIRCULATING CD133+ STEM CELLS COMMITTED
TO CIRRHOTIC LIVERS IN WAITLISTED PATIENTS
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Studies on the regenerative capabilities of tissues have shown that damaged liver can recover using hematopoietic
stem cells (HSCs), which are able not only to replace cells in the target organ, but can also deliver trophic factors
that support endogenous liver regeneration. There is practically no data on how organ-derived humoral signals
involve such morphogenic/trophic cells in circulation. Objective: to investigate the role of non-invasive vibro-
mechanical percutaneous action on the liver in cirrhosis by quantification of CD133+ lymphoid HSCs with specific
hepatic marker alpha-fetoprotein (AFP) in patients awaiting liver transplantation. Materials and methods. In
order to increase the number of AFP+ part of CD133+ stem lymphoid cells in the blood, the patient’s cirrhotic
liver was mechanically activated by transcutaneous microvibration using electromagnetic vibrophones in contact
with the skin. This generated mechanical impulses with a 10 um amplitude and a smoothly varying frequency from
0.03 kHz to 18 kHz and back to within one cycle lasting 1 minute. The amount of AFP+ lymphocyte fraction in
the total content of CD133+ HSCs in lymphocytes of potential recipients was monitored by flow cytometry before
and during daily 15-minute sonication of the skin zone corresponding to the liver projection for three weeks with
eight synphased vibraphones. Results. Sonication of the liver projection zone significantly increased the number
of liver-specific CD133+ AFP+ lymphocytes by 2—3 times compared to the baseline values. Repeated similar
sonication of the same site after a three-week break showed a statistically insignificant increase from the initial
level. With a similar effect on the spinal projection in the control group of waitlisted patients with cirrhosis, there
was no increase in CD133+ AFP+ lymphocytes. Conclusion. Mechanical stress prompts the organ to secrete
specific humoral signals that provoke the bone marrow to produce additional lymphoid stem cells committed to
the liver and recruit them into circulation.

Keywords: hematopoietic stem cells, cirrhosis, regeneration, waiting list, mechanical microvibration.

INTRODUCTION
Hematopoiesis and normal tissues

Most primitive mononuclear cells in the bone marrow
and blood of adults are represented by CD133+CD34—,
CD133+CD34+, and CD133—-CD34+ markers, with the
CD133 marker being earlier than CD34. Intensively
proliferating CD133+ cells are capable of differentia-
ting into cells with meso-, endo- and neurodermal layer

Vascular endothelium is renewed with the help of circula-
ting CD133+ progenitor cells from the bone marrow [7].
Even if primitive bone marrow cells do not transdiffe-
rentiate, as some researchers suggest, they aggregate
with other host cells (the fusing phenomenon), or release
regenerative cytokines and nutrients [8], thus supporting
target tissue regeneration. The earliest lymphocytes, as
well as mononuclear stem and progenitor cells, penetra-
te the capillary walls into the interstitial non-lymphoid

characteristics, namely: endothelial progenitor cells, neu-
ral progenitor cells, astrocytes, oligodendrocytes, renal
proximal tubule cells, mammary duct cells, cells of the
prostate gland, skin, lungs, intestines, hepatocytic cells
and skeletal muscle cells, expressing basic tissue proteins
[1, 2]. Primitive bone marrow cells migrate through the
blood to various tissues and organs, especially after da-
mage [3]. There is abundant evidence of increased tissue
regeneration resulting from stimulation of primitive bone
marrow cells or their introduction into the body [4-6].
So, the idea of bone marrow as a source of circulating
tissue-committed morphogenic stem cells is confirmed.

tissues, including the liver in order to maintain dynamic
proliferative balance, that is, homeostasis under normal
conditions [9]. Such cells sacrifice themselves to sup-
port the function of surrounding cells with a different
phenotype. For example, TDT+ prolymphocytes, y3-T
cells (CD4—CD8-) [10] and CD3+CD31+CXCR4+ an-
giogenic T lymphocytes [11] are directly involved in
tissue cellular renewal by producing growth factors and
nutrients, and maintaining angiogenesis processes. All
these cells, according to Fiedler’s prediction [12], are not
immunocytes, but rather trophocytes feeding the feeder
lymphocytes.
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Stem cells and liver

It is known that chronic liver disease leads to non-
functional regeneration, which is controlled by inter-
action between liver tissue cells (hepatocytes, hepatic
stellate cells, inflammatory cells, biliary epithelial cells,
sinusoidal endothelial cells), in the end fibrosis-cirrhosis
is formed [13]. Along with the actual liver cells, rec-
ruited from the circulation of hematopoietic stem cells
(HSCs) from the bone marrow, they can also promote
liver regeneration by fusion with damaged hepatocy-
tes or by differentiation into hepatocyte-like cells, or
through their morphogenic and pro-angiogenic growth
factors [14—16]. Lymphocyte colony-stimulating factors,
modulating hematopoiesis, are used to mobilize HSCs
into the bloodstream in order to reverse induced chro-
nic liver damage. However, the approach has standard
limitations on the number of cycles and hematological
toxicity of agents [17]. Intraportal infusions of autolo-
gous HSCs isolated from a pre-aspirated bone marrow
volume represent another invasive approach to artificial
enrichment of the cirrhotic liver microenvironment with
cellular elements of autologous HSCs [18].

Aliver transplant in patients with cirrhosis may itself
be a natural long-term stimulus for recruitment of addi-
tional HSCs into the peripheral blood [19], confirming
the existence of a humoral information pathway (axis)
between these two tissues. Interestingly, HSCs produced
during embryonic liver development can traffic between
different tissues, just like HSCs in adults, and in both
cases, they are provided with humoral signals, regulated
tightly enough to reach their final destinations [20, 21].

While waiting for liver transplantation, it seems ext-
remely interesting to find an opportunity to induce pro-
regenerative paracrine signals emanating from the organ
parenchyma in the liver-bone marrow axis.

Having had a positive experience in remote non-
invasive recruitment of HSCs into the blood by means
of moderate percutaneous mechanical microvibration of
cancellous bones containing active (“red”) bone marrow
[22-24], we suggested that a similar mechanical effect
(stress) on altered liver tissue would probably open ad-
ditional up additional opportunities for a positive inter-
action between AFP+ morphogenic HSCs and liver cells.

The aim of the study was to study the effect of per-
cutaneous mechanical microvibration on mobilization
of liver-committed HSCs from the bone marrow via
humoral signals.

MATERIALS AND METHODS

The study included 9 patients aged 53 to 61 years
with cirrhosis awaiting liver transplantation. Six out
of the 9 patients received mechanical vibration cour-
ses through skin-contact vibraphones on the projection
area of the liver. Three patients received vibration in
the spine projection in a similar manner. Certified serial
device Vitafon-5 (GOST 50444-92 and TU9444-009-
23138557-2009 RF) was used as the electromechanical
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vibration source for vibroacoustic impact. In addition,
data obtained from 6 healthy volunteers, whose age did
not differ from the subjects, were used for comparison.
produced synchronous and in-phase mechanical vibra-
tions in cyclic mode. During one cycle (60 seconds), the
vibration frequency varied from 0.03 Hz to 18 kHz and
in reverse sequence at about 10 um constant vibration
amplitude. The block of vibraphones (45 mm diameter
each) consisted of two rows (four in a row) with 75 mm
distance between the centers of the rows and 55 mm
distance between the centers of vibraphones within each
row. Thus, the block formed an active rectangular field
of mechanical microvibrations 12 x 22 cm, held by a
flat fabric frame with eight fastening sockets and soft
fasteners for tight fixation on the human body.

Before exposure, all patients had blood sampling for
clinical and biochemical analysis. Vibration exposure
was performed once a day for 15 minutes while sitting
in an armchair (reclining position). Two exposure modes
were used: the first (I) included 15 minutes of exposu-
re daily for three weeks, the second (II) — 15 minutes
daily for three weeks, then a break for three weeks and
repeated exposure.

The control scheme (III) consisted of simultaneous
mechanical microvibrations on 8 pairs of equidistant
points along the spine with 0.5 cm distance between
vibraphones in each pair, for 3 weeks (2nd, 3rd, and 4th)
15 minutes daily.

Once a week, we determined the proportions of
circulating lymphocytes in the synthetic phase of S+,
CD133+, CD31+ cells in the lymphoid fraction, the
proportion of double positive cells AFP+CD133+,
AFP+CD31+, and the derived ratios (AFP+CD133+)/
CD133+, (AFP+CD31+)/CD31+ and AFP+CD133+/
AFP+CD31+. For this purpose, a mononuclear cell
(MNC) fraction was isolated from peripheral blood by
classical separation on a Ficoll density gradient, omitting
the final enrichment stage. [25]. Viability of MNCs was
assessed using the trypan blue exclusion test. Cells from
two equal parts of the MNC fraction were stained for
analysis on an LSR Fortessa flow cytometer (Becton-
Dickinson). Hoechst 33342 staining was used for cell
cycle analysis as previously described [26] with slight
modifications.

The phenotypes of circulating cells in the lympho-
cytic part of MNCs were assessed using monoclonal an-
tibodies to markers CD133/2, CD31, AFP (a-fetoprotein)
conjugated with allophycocyanine (APC), fluorescein
isothiocyanate (FITC), and phycoerythrin (PE), respec-
tively.

The parameters were evaluated statistically by calcu-
lating the mean (M) and standard error (SE). M values
were compared using the t-test and p probability. Kinetic
tendencies of the parameters before and after scoring
were characterized by mathematical functions generated
automatically using nonlinear approximations in Excel.
The R-squared was used as a statistical goodness-of-fit
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measure of the regression line to the data. Satisfactory
R-squared values were confirmed using the t-parameter
equation: t =R2 x (n—2) (1 —R2) [27].

RESULTS

A relative decrease in S+, CD31+ cells and a minor
increase in CD133+ cells are characteristic of patients
awaiting liver transplantation as compared to healthy
volunteers (Table, Fig. 1).

As a result of the acoustic effect on the liver area
according to two schemes, the S+, CD31+, and CD133+
content before treatment was normalized by 4-5 weeks
(Fig. 2). In addition, the number of double-positive liver-
committed CD133+AFP+ cells increased. This effect can
be considered specific for the effect on the liver area,
since only the CD133+ population increased in the spine
projection when using the third sound exposure scheme
(Fig. 3). Spine vibration stress significantly increased the
count of uncommitted CD133+ cells in circulation, ex-

ceeding not only their number before exposure, but also
the level of these cells after the first course of exposure
to the liver (Fig. 3).

The real concentrations corresponding to Fig. 2 are
0.07 £ 0.022 + 0.0125 (Scheme 1) and 0.079 = 0.037 £
0.0099 (Scheme 2). These mean values increased 1.95
times (p =0.006) and 1.75 times (p = 0.008), respectively
for spine exposure based on Scheme 3.

No specific changes were found at week 10-12
of exposure compared to the data before it (Fig. 4).
The increase in the CD133+AFP+ cell count and the
CD133+AFP+/CD133 ratio obtained at week 4—5 accor-
ding to scheme 1 (Fig. 2) lost its statistical significance
by week 10-12 (Fig. 4). After repeated exposure to the
liver area according to scheme 2, the specific increase
in CD133+AFP+ cell count disappeared at week 10-12,
but the cells were replaced by nonspecific CD133+ cells,
whose increased level remained (Fig. 1, dashed line, left
column for CD133+).

Table
Baseline indicators of circulating lymphocytes in healthy volunteers
Parameters | CD133+ | CD133+ | CD31+ | CD31+ | s | CDI133+/ | CD133+AFP+/ | CD133+AFP+/ | CD31+AFP+/
AFP+ AFP+ CD31+ CD31+AFP+ CD133+ CD31+
M 0.037 0.0052 40.1 0.39 10.95| 0.101* 1.64%* 12.36* 0.97*
SD 0.012 0.0044 9.2 0.36 098 | 0.037 1.25 8.22 0.74
SE 0.004 0.0015 3.1 0.12 1028 | 0.013 0.44 2.90 0.24
KV 0.32 0.84 0.23 0.92 |1.03 0.37 0.76 0.66 0.76
Note. * Obtained by averaging personal odds.
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Statistically significant deviations are shown in black
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Thus, indirect percutaneous mechanical mobilization
of liver-committed CD133+AFP+ stem cells in the lym-
phocyte pool occurs within week 4—6 of exposure and
is weakened at week 10—12, regardless of continuation
of exposure (scheme 2) or its termination (scheme 1).
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DISCUSSION

Physical factors obviously play an important role in
biological processes. Application of tissue tensile stress,
shear stress, electromagnetic fields, and ultrasound indu-
ces variants of enhancement of osteogenesis and chon-
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drogenesis, involving human stem cells in the process.
Therefore, direct physical intervention appears to be a
potentially attractive approach and can be used to support
tissue regeneration.

Application of acoustic non-invasive effect on the
liver in compensated cirrhosis seems to be a promising
method. Some researchers have previously reported that
the liver exhibits mechanical resonance within a regis-
tered frequency of 30-400 Hz, depending on the odd
harmonics of 1-3 orders [28]. The liver tissue itself has
its own natural frequency of about 55-60 MHz [29].
For non-invasive effect on this complex system with
little-known physical properties, mechanical vibrations
seemed promising, as they can essentially produce sto-
chastic resonance (SR) in nonlinear biological systems,
amplifying subthreshold stimuli in metabolic pathways
[30, 31]. We expected that humoral signals of a still unk-
nown nature from artificial liver tissue tension would
reach the lymphopoietic niches of the bone marrow and
intensify either the natural production of morphogenic
liver-committed CD133+AFP+ lymphocytes, or enhance
their recruitment into circulation, against the background
of initial suppression in cirrhosis. If this assumption is
correct, we could get a new approach for non-invasive
and long-term support of liver function in waitlisted pati-
ents. To increase the likelihood of resonance processes in
liver tissues, we chose a source of mechanical vibrations
in a wide frequency range [24].

Circulating lymphocytes were chosen as objects of
this study for several reasons. First, lymphoid cells have
the most developed and flexible mechanisms of naviga-
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tion to various tissues or tropism, and contain fractions
of morphogenic/trophic cells, such as CD133+, CD34+
stem cells, lymphoid TdT+ stem cells, angiogenic CD31
T+ cells, and other trophic lymphocytes of intermediate
degree of differentiation, which are usually called regu-
latory cells. Secondly, lymphocytopoiesis is the most
damaging process, and lymphoid tissue is characterized
by the highest depreciation, that is, loss of actual and
functional mass during the lifetime of the organism [32].
Thirdly, in various organ diseases, including liver disea-
ses, the worst forecasts are associated with a high ratio
of neutrophil count to blood lymphocyte count (the so-
called neutrophil-lymphocyte ratio), which emphasizes
the role of weakening of lymphopoiesis in the loss of
vitality of the organism as a whole [33].

A study of blood samples from cirrhotic patients re-
vealed a deficiency of naive CD31+ lymphocytes with
angiogenic properties [11, 34], as well as a deficiency
of lymphocytes in the S-phase of DNA synthesis. The
first course of action on the liver or spine normalized
both deficiencies. Thus, this was an argument against
the specificity of these two effects.

On the contrary, the first exposure to the liver increa-
ses the number of committed CD133+AFP+ cells, which
seems to be quite specific for liver tissue. We interpret
the increasing number of CD133+AFP+ cells as a dis-
tant result of specific paracrine stimulation occurring
remotely as a result of mechanical resonance strained
liver parenchyma. A humoral stimulus targeted on the
bone marrow reproductive system specifically activates
it, recruiting trophic/morphogenic lymphoid bone mar-
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row stem cells for targeted maintenance of the function
of the damaged liver [35]. Signals can be either easily
soluble molecular substances in plasma, or circulating
extracellular vesicles measuring tenths of microns, re-
cently discovered [36]. In any case, mechanical vibration
is likely to simulate liver injury perceived as real by the
physiological “lymphopoiesis — liver” axis effector.

Several liver cell types can be targets for such in-
teraction with CD133+AFP+ lymphocytes. Among the
parenchymal cells of the organ, there is a CD133+ oval
cell population with the function of primitive, “bipotent”
liver stem cells [37, 38], but they do not carry the AFP
marker [39]. That is why the youngest type of hepatic
stem cells (HepSCs) are hardly a target for AFP+CD133+
lymphocytes. Immature “unipotent” hepatoblasts arising
during regenerative processes in the liver, have an anti-
genic profile with strongly positive expression of both
CD133 and the liver-specific AFP marker [40, 41]. Thus,
they are probably more likely to be considered as targets
for CD133+AFP+ migrants [5].

This agreement may be an additional argument ba-
cking the fact that hepatocytes are the most likely inducer
of humoral stimuli, as well as a target for committed
lymphoid cells. Notably, the second course of exposure
to the liver area (scheme 2) did not alter the attenuation
effect of the first course in the CD133+AFP+ subpopula-
tion. The reasons for this are not completely clear, but the
general inhibition of lymphocytopoiesis in cirrhotic pa-
tients, and the associated instability/turbulence of hema-
topoiesis [5, 20], may be one of the possible causes. On
the other hand, the initially depleted/amortized natural
ability of the cirrhotic parenchyma to produce paracrine
signals may also be responsible for altered sensitivity to
mechanical stress as compared to an intact organ.

CONCLUSION

The study confirms that the number of trophic lym-
phoid stem cells committed to the liver in patients with
cirrhosis can be increased indirectly and non-invasively.
The new technique proposed by us is specific and has
no restrictions in re-use. We consider our results only as
a therapeutic roadmap for non-invasive support of liver
regeneration in cirrhosis in patients waitlisted for liver
transplantation. Further studies are needed to evaluate
the clinical effects.

The authors declare no conflict of interest.
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Objective: to study liver transplantation (LT) outcomes in cirrhotic patients with hepatocellular carcinoma
(HCC), who underwent transcatheter hepatic arterial chemoembolization (THACE). Materials and methods.
From January 1998 to April 2020, we performed 245 orthotopic liver transplantation (OLTs) in 229 patients of
which 25 (10.2%) had HCC in cirrhosis. In 9 (36%) patients, LT was performed without neoadjuvant therapy
(Group 1). Group 2 consisted of 16 (66%) patients who underwent 49 THACE cycles before LT. 10 (62.5%)
patients fell within the Milan criteria, while 6 (37.5%) were outside. According to the BCLC (Barcelona Clinic
Liver Cancer) classification, 10 patients had A,—A, stage, while 6 were in B stage. In 11 (68.5%) of 16 patients,
increased serum alpha-fetoprotein (AFP) concentrations from 20 to 2463 (on average 493.8) ng/mL was revealed
before treatment. In performing THACE, both the classical method (with lipiodol and hemostatic sponge) and the
method with drug-eluting beads were performed 1 to 7 (on average 3) times. Doxorubicin was used in all cases.
Results. Group 2 recorded a 100% technical success. There were no complications. We performed radiofrequency
ablation (RFA) in three patients as an adjunct. In two patients, we performed laparoscopic RFA-assisted atypical
liver resection, and in one — sequential resection and RFA. Under the m-Recist criteria, complete response was
observed in 6 (37.5%), partial response in 7 (43.75%), and stabilization in 3 (18.75%) patients. Change in AFP
concentrations were as follows: in 5 out of 11 patients with increased concentrations, we were able to reduce
their AFP concentrations to the reference values, their long-term outcomes are comparable to those of Group 1.
Four patients showed a 13—84% decrease; a directly proportional relationship between the degree of AFP decre-
ase and the time to tumor progression was revealed. In 2 patients, there were 42% and 320% increase in AFP
concentrations, the time to tumor progression was 3 and 1 month, both did not live up to 12 months. Among 9
(56%) of the living 16 patients, a maximum of 156 months and a minimum of 4 months (60.2 average) have
elapsed since the surgery. Two of these nine have tumor progression (Cases 4 and 14). Seven (44%) patients
died within 9 to 54 months. The 1, 3, 5-year actuarial survival rates were 93, 50, 32%, two patients lived more
than 10 years. The average life expectancy was 28.0 + 3.0 months. Conclusion. Serum AFP concentration is an
important prognostic factor influencing the long-term outcomes of LT. Good biological response to THACE can
be a positive predictor; LT outcomes in these patients are comparable to those in patients who meet the Milan
criteria. A decrease in AFP concentrations by less than 50% after neoadjuvant THACE is an unfavorable factor,
and its increase is extremely adverse.

Keywords: hepatocellular carcinoma, cirrhosis, hepatic arterial chemoembolization, neoadjuvant therapy,
liver transplantation, alpha-fetoprotein.

INTRODUCTION

Liver transplantation (LT) is the only radical treat-

to official statistical reports over the past 10 years, the
peak incidence of HCC in the Russian Federation has not

ment for hepatocellular cancer (HCC) associated with
liver cirrhosis (LC). However, in reaching a compromise
between transplantation criteria and treatment guidelines
for HCC, LT remains far from a routine operation and
is feasible only in 10—-15% of patients [1]. According to
reports, over 55% of patients drop out of the waiting list
within a year due to HCC progression [2, 3]. According

yet been passed [4—6]. Existing antiviral drugs against
chronic hepatitis C virus (HCV) can significantly affect
HCC statistics, as is the case in Western countries, but
such drugs cannot yet be said to be widely available
[7, 8].

Over 20 years have passed since the first transplant
criteria was formulated. Being the basis and guarantor of
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achieving the best survival rates (4-year survival rate is
83%), the Milan criteria are quite strict [9]. And during
this time, various countries have come up with alterna-
tive LT guidelines for HCC against the background of
LC. In addition to the number and size of foci, recent
guidelines take into account biological tumor markers,
the degree of differentiation, and tumor response to treat-
ment. Presently, more than 20 extended LT criteria have
been formulated. All of them are aimed at increasing the
number of operations, with achievement of acceptable
long-term outcomes, which directly depend on HCC
progression in this group of patients [10, 11]. In order to
keep the patient on the LT waiting list, methods of local
anticancer treatment are increasingly being used, which,
in addition to curbing the tumor process, can reduce
the HCC stage, creating more favorable conditions for
LT [12, 13]. The most commonly used is transcatheter
hepatic arterial chemoembolization (THACE).

Objective of the study: to investigate our own LT
outcomes in HCC patients on the background of LC,
who underwent THACE.

MATERIALS AND METHODS

From 1998 to 2020, 229 patients underwent 245 or-
thotopic LTs with a graft from a deceased donor, of which
25 for HCC against the background of LC. In 22 patients,
cirrhosis formed due to chronic hepatitis (B, C and D)
virus, in two patients due to autoimmune hepatitis; one
patient had primary biliary cirrhosis. Two patients (8%)
were Child-Pugh class A, 18 (72%) were Child-Pugh
class B, while 5 (20%) were Child-Pugh class C [14].

HCC diagnosis in 9 (36%) patients was established
only by histological examination of the removed organs,
and no THACE was performed in them. All of them
retrospectively fell under the Milan criteria: maximum
nodule diameter did not exceed 2 cm, no more than three
foci in each organ, and stage “0” according to the BCLC
classification (Barcelona Clinic Liver Cancer classifica-
tion) [15]. These patients constituted Group 1.

In 16 (64%) patients of Group 2, 49 THACE cycles
in various modifications were performed as neoadjuvant
therapy (Table).

Of these, for 10 patients who met the Milan criteria,
the goal of THACE was to prevent tumor progression
in order to keep them on the waiting list. In 6 patients,
THACE goal was to reduce the tumor volume to the
Milan criteria and decrease its biological activity. At
the start of treatment, 10 (62.5%) patients were BCLC
A,—A,, while 6 (37.5%) patients were BCLC B [15].
Elevated serum alpha-fetoprotein (AFP) level from 20
to 2463 (mean 493.8) ng/mL was detected in 11 (68.5%)
of 16 patients before treatment.

THACE was performed according to the standard
technique using 10-50 mg of doxorubicin mixed with
5-10 mL of super-liquid Lipiodol, finely chopped he-
mostatic sponge, or doxorubicin-saturable spheres (He-
pasphere, Biosphere Medical; DC Beads, Life Pearls,
Terumo). Given the presence of severe manifestations
of liver failure in patients, only superselective THACE
was used, if necessary using 2.4-2.9 F microcatheters
(Progreat, Terumo; Neuro Renegate, Boston).

Table

Group 2 characteristics

No./age AFP before AFP after BCLC | MC after Waiting Time to tumor | Outcome (month)
THACE THACE THACE time progression Alive Died
(+-) (months) (months)
1.K., 28 N N B — 7 12 26
2.B., 58 N N B + 15 — 62 —
3.R., 45 20 N A + 2 — 77 -
4.Z.,54 1300 1122 (<14%) A + 6 19 76 —
5.E., 49 183 30 (<84%) B + 6 24 — 36
6.K., 52 346 111 (<68%) A + 26 — — 54
7.K.A., 53 113 N B + 10 — — 19
8.K.B., 43 N N A + 12 12 — 33
9K., 53 59 N A + 7 — 138 —
10. S., 61 30 51 (>42%) A — 5 3 — 9
11. T, 45 2463 8666 (>320%) A + 16 1 — 20
12. U, 48 N N B + 12 — 168 —
13.N., 55 31 N B + 23 — 62 —
14. P, 52 343 300 (<13%) A + 15 2 21 —
15.8S.,47 N N A + 12 — 30 —
16. Sh., 64 544 N A + 30 — 34 —

Note. BCLC — Barcelona Clinic Liver Cancer classification [14]; THACE — transcatheter hepatic arterial chemoembolization;

MC — Milan Criteria [8]; AFP — alpha-fetoprotein.
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Fig. Calculation (by the Kaplan—Meier method) of survival in patients with increased AFP concentrations: “+” — alive;

“0” — deceased

Treatment outcomes were assessed at week 3-5
based on data from multispiral computed tomography
(MSCT) or magnetic resonance imaging (MRI) using
the mRECIST criteria; AFP concentration dynamics were
evaluated [16]. THACE was performed 1 to 7 times, and
was repeated only with proven progression at worth 1-8
(mean 3.7).

After THACE, when partial response was achieved
and tumor size decreased, radiofrequency ablation (RFA)
was performed as an adjunct in three patients (Cases 7,
8, and 9), laparoscopic (LS) RFA-assisted atypical liver
resection in two patients (Cases 14 and 16), successive
resection and RFA in one patient with bilobar lesion
(Case 2).

RESULTS

To date, 7 (78%) of 9 patients in Group 1 are alive at
month 24 to 134 (mean 69.8), all without signs of HCC
progression. The 1-3-5-year actuarial survival rates were
78-45-44%, with one patient alive for over 10 years.
Two died within 1 (sepsis) and 7 months (HCC recur-
rence and graft rejection).

In Group 2, THACE’s technical success was 100%.
There were no complications. According to the mRE-
CIST criteria, a complete response was observed in 6,
partial in 7, stabilization in 3 patients. By the time of LT,
14 patients were BCLC A—A,, 2 were BCLC B (Cases
1 and 10). In 4 out of 6 patients, we managed to achieve
tumor response to treatment and return them to the Milan
criteria (Cases 2, 5, 12 and 13). AFP dynamics was as
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follows: 5 of 11 patients with elevated levels were able
to achieve reference values, 4 had a 13—-84% decrease,
2 had 42% and 320% increases (Table).

At present, 9 (56%) of 16 patients are alive at month
4 to 156 (mean 60.2), of whom 2 had tumor progressi-
on (Cases 4, 14). Seven (44%) patients died between
month 9 to 54: 5 due to HCC progression that occurred
at month 1-24 (mean 11) (relapse in the graft, metasta-
tic lung disease, dissemination), two from intercurrent
disease (acute cerebral circulation disorder, cholangio-
genic sepsis). The 1-3-5-year actuarial survival rates
were 93-50-32%, two patients survived for more than
10 years. Average life expectancy was 28.0 + 3.0 months.

In 5 out of 11 patients who managed to achieve reduc-
tion in AFP levels to reference values (according to mRE-
CIST), complete response to treatment and total tumor
necrosis based on histological studies were observed.
In Cases 7 and 13, the patients were outside the Milan
criteria before treatment. Currently, 4 out of 5 (Cases 16,
13, 3 and 9) are alive at month 34, 62, 77, and 138, with
no signs of HCC progression. One patient (Case 7) died
at month 19 from a cause unrelated to tumor progression.
These results are comparable to those of Group 1.

Patients with decreased AFP levels according to
mRECIST recorded a partial response. In Cases 5 and
6, AFP decreased by 84 and 68%, while in Case 6 there
was no HCC progression, and in Case 5 it occurred after
24 months. Both patients died at month 36 and 54. The
patient with a smaller decrease in AFP and from inter-
current disease lived for the longest period (Case 6). In
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Cases 4 and 14, AFP decreased by 14% and 13%, the
time to progression was 19 and 2 months, respectively.

Two patients with stable HCC showed a 42% and
320% increase in AFP, the time to progression was 3 and
1 month, both did not survive for 12 months.

DISCUSSION

The “stumbling block” in the formation of a waiting
list for HCC patients with LC is the frequent inconsisten-
cy of stages of the tumor process and liver cirrhosis. So,
if the reference Milan criteria are met, LT is indicated in
the presence of one or three tumor nodes no larger than
3 cm in size. At the same time, following another rule,
LT is indicated for subcompensated LC. Indeed, recently,
with the development of surgical technologies, there is
increasing evidence of sparing liver resections, and va-
rious methods of interventional radiology, which quite
safely and effectively allow to control the tumor process
even at late stages [17, 18]. So, the main indication for
LT remains LC with irreversible liver dysfunction.

Let us imagine a common situation: a patient with
single HCC up to 3 cm in diameter and Child-Pugh class
B cirrhosis. According to the main choice of treatment
tactics, BCLC classification, LT is indicated for him.
Two months have passed since the moment of being
placed on the waiting list, the focus has increased to 4
cm, and the AFP level has risen from 80 to 380 ng/mL. Is
it worth doing nothing in such a situation? In our opinion,
if nothing is done, then after another two months, only
treatment with protein kinase inhibitors will be possible
according to BCLC. Given the impossibility of guaran-
teeing even an approximate LT timeframe, we believe
that all such patients should be treated with antitumor
therapy. We consider THACE to be the most accessible
and safest [19].

Over half of the available LT criteria take into account
biological tumor markers, the most accessible of which
is determination of AFP concentration. The criticality
of its value, according to different authors, varies from
20 to 1000 ng/mL [10, 11]. According to the EASL and
RUSSCO guidelines, a combination of clinical, radio-
logical and laboratory data (LIRADS 2 or more + LC +
tenfold increase in AFP concentration) is sufficient to di-
agnose HCC [15, 20, 21] without biopsy, associated with
a high risk of bleeding after liver puncture against the
background of hypocoagulation. Accordingly, evaluation
of tumor differentiation degree is often performed only
after LT. Both AFP and morphological picture, along
with the number and size of tumor nodules, became the
basis for formulation of prognostic scales of LT outcomes
in HCC [11].

In our study, in Group 2, 11 (68.5%) of 16 patients
had elevated AFP levels. After THACE, 5 out of 11 pa-
tients managed to achieve AFP reduction to reference
values (Cases 3,7, 9, 13, 16). As a result, such indicators
as time to progression and survival in these patients were
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comparable to those of Group 1. In another 4 patients,
THACE was able to achieve decreased AFP concentra-
tions. In Cases 5 and 6, the decrease in AFP was 84%
and 68%; HCC progression occurred only in Case 5 at
month 24. In Cases 4 and 14, AFP decreased by 14%
and 13%; the time to progression was 19 and 2 months,
respectively. In two patients with an increase in AFP
concentration (Cases 10, 11), time to progression was
very short: 3 and 1 month, despite the fact that LT was
performed in Case 11 according to the Milan criteria.

So, the dynamics of serum AFP levels was an impor-
tant prognostic factor influencing long-term LT outco-
mes. A good biological response to THACE can serve as
a positive prognosis factor; LT outcomes in these patients
are comparable to those in patients who meet the Milan
criteria. A less-than-50% decrease in AFP levels after
neoadjuvant THACE was an unfavorable factor, and its
increase was extremely unfavorable.

The authors declare no conflict of interest.
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MANAGEMENT OF VARICEAL BLEEDING IN THE LIVER
TRANSPLANT WAITING LIST

V.L. Korobka"?, M.Yu. Kostrykin', A.M. Shapovalov'

"' Rostov Regional Clinical Hospital, Rostov-on-Don, Russian Federation
2 Rostov State Medical University, Rostov-on-Don, Russian Federation

Objective: to study the outcomes of main surgical methods for stopping and preventing variceal hemorrhage
in waitlisted cirrhotic patients. Material and methods. In our prospective case-control study, the “case” cohort
included 132 patients with cirrhosis complicated by recurrent varicose bleeding, while the “control” group con-
sisted of 92 patients with one episode of bleeding esophageal varices. Treatment included conservative therapy,
endoscopic ligation, transjugular intrahepatic portosystemic shunt, and the original azygoportal disconnection
technique. Results. High MELD scores, severe hepatic encephalopathy, portal vein thrombosis, high degree of
varices, and recurrent bleeding significantly affect the mortality of cirrhotic patients. Irrational use of nonselec-
tive beta-blocker monotherapy has a negative impact on treatment outcomes. Combined use of drug therapy and
surgical methods of stopping and preventing varicose bleeding, reduces the number of relapses, prolongs patients’
life to two years or more, which allows to move on to the next stage of cirrhosis treatment — liver transplantation.
Conclusion. The likelihood of recurrent variceal hemorrhage increases in patients who undergo passive surgical
tactics. Azygoportal disconnection should be considered as the operation of choice if the patient has more than
one episode of variceal bleeding. Timely and adequate treatment measures, clinical and diagnostic monitoring

reduce waitlist mortality.

Keywords: variceal bleeding, liver transplantation, waiting list.

INTRODUCTION

Esophageal varices (EV) are a common clinical ma-
nifestation of liver cirrhosis (LC). The incidence of va-
rices in the upper gastrointestinal tract in compensated
cirrhosis ranges from 30% to 40%, and in decompensated
cirrhosis reaches 60% [1, 2]. In case of variceal rupture,
bleeding occurs, the first episode of which is fatal for
20-80% of patients with cirrhosis, and 50—70% of pati-
ents have a high risk of recurrence. From the moment of
the first episode of variceal bleeding, slightly more than
40% of patients survive for two years [3, 4].

The prognosis of LC depends not only and not so
much on age and concomitant disease as by the func-
tional reserve of the liver, the degree and localization of
varices, and severity of variceal bleeding [5].

To date, both drugs and various invasive techniques
are used to stop bleeding EV and prevent its recurrence
[6, 7-9]. However, the ineffectiveness of the former and
the lack of radicalism of the others, often forces us to
change tactics and resort to open methods of surgical
treatment for this category of patients [10, 11]. Shunting,
portal blood flow decoupling and resection operations,
proposed at different times, improve the quality and pro-
long the life of patients with cirrhosis to some extent.
However, none of these approaches can return portal
blood flow to a normal state.

Currently, liver transplantation (LT) remains the only
pathogenetically justified method providing long-term
positive treatment for LC patients. However, its use is
limited by a number of factors, particularly, donor or-
gan shortage [12, 13]. The method often determines the
actual waiting time for transplantation, often stretching
for several years for 63% of patients [14]. This leads
to increased deaths among liver transplant waitlisted
patients due to bleeding esophageal varices.

In view of the above, the aim of the study was to study
the outcomes of the main surgical methods for stopping
and preventing bleeding esophageal varices in patients
with liver cirrhosis who are on the waiting list.

MATERIAL AND METHODS

The study was prospective, conducted at Rostov
Regional Clinical Hospital, lasting from 2015 to 2020.
The data of 224 patients from the LT waitlist, for whom
variceal bleeding from the upper gastrointestinal tract
became a complication of LC, were analyzed.

Inclusion criteria: esophageal vein dilation (con-
firmed via imaging); anamnestic evidence of variceal
bleeding episodes; evidence of surgical interventions or
other actions aimed at stopping or preventing variceal
bleeding. There were no specific exclusion criteria. All
patients were examined in accordance with the diag-
nostic protocol for LC patients.
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The study was conducted in two “case-control”
groups of patients. The main group “case” included 132
LC patients with recurrent variceal bleeding. The “con-
trol” group consisted of 92 patients who had no more
than one bleeding EV.

All demographic, clinical and laboratory data for
statistical analysis were obtained from a continuously
updated electronic database of the Center for Surgery
and Donation Coordination of the previously designated
institution.

Methods for preventing and stopping bleeding EV
included conservative measures, endoscopic variceal
ligation, transjugular intrahepatic portosystemic shunt
(TIPS) and the original azygoportal disconnection (APD)
technique. The essence was resection of the abdominal
esophagus and cardiac stomach, followed by formation
of esophagogastroanastomosis and creation of anti-reflux
cardia [15].

Statistical data analysis was conducted using the IBM
SPSS Statistics 23 software. The statistical significance
of the differences between compared parameters in nor-
mal distribution was assessed by the Student’s t-test.
In the absence of normal distribution, nonparametric
tests were used: Wilcoxon for pairwise comparisons of
dependent variables, Mann—Whitney U test, Pearson’s
chi-square for comparison of independent variables. Dif-
ferences between compared parameters were considered
statistically significant if the error probability was less
than 0.05 (p < 0.05).

RESULTS

Characteristics of the “case” group

The group of patients with recurrent variceal bleeding
consisted of 82 men (62.1%) and 50 women (37.9%).
The average age of the patients was within 51 years
(49.52 + 10.92). The waitlist time was 17.14 + 15.04
months.

Viral hepatitis was the cause of LC in 68 patients
(51.5%), alcohol-related liver disease in 31 cases
(23.5%), and 17 patients (12.9%) were diagnosed with
cryptogenic cirrhosis. Autoimmune diseases and other
causes resulted in cirrhosis in 16 patients (12.1%).

During examination, it was established that in 50
patients (37.9%), MELD score did not exceed 20; 64
patients (48.4%) had a MELD score from 20 to 30; in
18 (13.6%) patients, the score exceeded 30 points. In
accordance with the Child-Turcotte-Pugh classification
for cirrhosis, 126 (95.5%) patients in the group had class
C cirrhosis, the rest were class B.

Endoscopic examination of the upper digestive tract
showed that 28 patients (21.3%) had esophageal varices
grade 1-2, 67 (50.8%) patients had grade 3, while 37
(28.0%) patients had grade 4.

The following were aggravating factors of the under-
lying disease in patients: overt hepatic encephalopathy —
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Fig. 1. Distribution of patients by types of surgical interven-
tions: EL — endoscopic ligation; TIPS — transjugular intrahe-
patic portosystemic shunt; APD — azygoportal dissociation

out of 124 (93.9%) patients that had this complication,
57 (43.1%) had grade 3—4; resistant ascites — 57 (43.2%)
patients; hepatorenal syndrome — 71 (53.8%) cases;
portopulmonary hypertension — 16 (12.1%) patients;
thrombosis of the portal vein and its main branches —
27 (20.5%) patients.

As noted earlier, all patients in this group were cha-
racterized by recurrent bleeding from the esophageal
varices. When taking anamnesis, it was found that 101
patients (76.5%) had two to three episodes of bleeding,
up to five episodes were recorded in 27 (20.5%) patients,
more than five bleeding episodes occurred in 4 (3.1%)
patients, with one of them with documented 14 episodes.

With regards to treatment of patients in this group, it
should be said that 126 patients (95.5%) received con-
servative therapy, including non-selective B-blockers.
Besides, 77 patients (58.3%) underwent various surgical
interventions aimed at stopping bleeding from the EV
and preventing its recurrence.

Endoscopic EV ligation was the main type of surgical
intervention in 31 patients (23.5%), TIPS in 7 patients
(5.3%), 1 patient underwent an original disconnecting
surgery. Frequent relapses of bleeding due to failure of
endoscopic ligation or portosystemic shunt obstruction
made us either resort to the already used techniques
repeatedly or perform an open disconnecting surgery
(Fig. 1). So, on average, 2.55 £ 1.55 interventions were
required per patient in the group.

Despite comprehensive measures taken for the treat-
ment and prevention of variceal bleeding, which were
carried out in 76 (57.6%) patients, it still recurred in 38
(28.8%) patients.

Characteristics of the “control” group

Male patients predominated in the control group, as in
the main group. There were fewer women — 51 (55.4%)
men and 41 (44.6%) women. The average age of the
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patients was 53 years (50.48 = 10.38). Time on the LT
waitlist was 15.99 + 11.87 months.

The main cause of LC in 41 patients (44.6%) in this
group was viral hepatitis; LC was a result of alcohol-
related liver disease in 20 (21.7%) patients, and in 14
(15.2%) patients, it was autoimmune diseases. Cryp-
togenic cirrhosis was diagnosed in 14 more patients,
congenital and metabolic diseases was the cause of LC
in 3 (3.3%) patients.

Laboratory examination established that 49 (53.3%)
patients had a MELD score <20; 29 (31.5%) patients had
a MELD score within 20 to 30, while 14 (15.2%) patients
had a MELD score >30. In accordance with the Child-
Turcotte-Pugh LC severity classification, 5 (5.5%) and
87 (94.6%) cases were of classes B and C, respectively.

Endoscopic examination revealed esophageal vari-
ces grade 1 and 2 in 55 (59.8%) patients, grade 3 in 31
(33.7%) patients, and grade 4 in 6 (6.5%) patients.

Hepatic encephalopathy with its obvious clinical ma-
nifestations was the aggravating factor for 11 (12.0%)
patients. Besides, 37 (40.2%) patients had resistant asci-
tes and hepatorenal syndrome, 10 (10.9%) patients had
portopulmonary hypertension, 4 (4.3%) cases showed
portal vein thrombosis on Doppler ultrasonography.

As noted earlier, patients had one episode of EV
bleeding, which characterized the treatment tactics. The
main method of treatment was therapy with nonselecti-
ve B-blockers; 78 (84.8%) patients received the drugs.

Table 1

Main indicators in case and control cohorts
(comparative characteristics)

Indicator Study groups p
Case Control

(n=132) (n=92)
Male 82 (62.1%) | 51(55.4%) | 0.316
Age (years) 419 ('592; 5? 04§ Si 0.504
MELD score 22.78+6.32 | 21.41£7.16 | 0.010
Hepatic
encephalopathy 247+£0.76 | 2.20+0.75 | 0.008
(score)
Ascites (score) 2.16+0.83 | 2.12+0.82 | 0.725
Viral cirrhosis 68 (51.5%) | 41 (44.6%) | 0.307
Alcoholic cirrhosis | 31(23.5%) | 20 (21.7%) | 0.760
Child-Pugh class C | 126 (95.5%) | 87 (94.6%) | 0.762
fh‘;ﬁbvoesﬁ 27(20.5%) | 4(4.3%) | 0.001
Varicose vein 3.06+0.72 | 240+0.71 | <0.001
VB frequency 2.84+1.49 | 1.00+0.00 | <0.001
praitistmortality | 33 242%) | 2(22%) | <0.001
Listing* (months) 117513 4i 1?389;: 0.524

Note. * length of stay on the liver transplant waiting list.

VB — variceal bleeding.
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Surgical methods, of which only endoscopic ligation
was used, were resorted to in this group only in 6 (6.5%)
cases. No other measures aimed at preventing bleeding
recurrence or stopping it were taken. This approach re-
sulted in recurrent variceal hemorrhage in 33 (35.9%)
patients.

Comparison of indicators in the main
and control groups

A comparison of the basic data of patients in both
groups showed that a number of indicators had statisti-
cally significant differences (p < 0.05) (Table 1). This
was an evidence of our assumption that patients with
recurrent variceal bleeding are in a more severe initial
condition. MELD score, severity of hepatic encepha-
lopathy, presence of portal vein thrombosis, degree of
EV, and the very fact of variceal bleeding relapse had a
significant impact on waitlist mortality rate.

Comparison of the effectiveness of surgical
techniques for stopping and preventing
variceal bleeding

In the course of the work, we were particularly in-
terested in assessing the effectiveness of each surgical
technique used with regard to prevention of recurrent
variceal bleeding and reduction of LT waitlist mortality.

Endoscopic EV ligation procedure, which was per-
formed in 75 patients, had a lasting effect in 23 (30.7%)
patients only; in 52 patients, varices had to be ligated
repeatedly or the surgical tactics had to be changed. So, 6
(8.0%) patients underwent TIPS after several ineffective
EV ligation procedures (1.83 + 0.57) during the first year
(6.13 £ 3.26 months); in 7 (9.3%) cases of sequential
ligation and TIPS, we eventually had to perform APD,
with 2 (2.7%) patients having APD as operation of choice
after the second-third bleeding episode.

Of'the 33 patients who underwent TIPS, the technique
was effective in 28 (84.8%) patients within the first year
(6.11 £+ 3.08 months). Shunt thrombosis in 5 (15.2%)
patients was the reason for a single re-TIPS procedure
and one APD operation.

As can be seen, the APD surgery in a series of surgical
manipulations performed to stop variceal bleeding beco-
mes the final intervention, giving the patient a chance to
avoid recurrent bleeding, stay alive and wait for LT. APD
was primarily performed as an independent operation
to stop bleeding in only one case, while in 30 (96.8%)
cases, it was performed after failures in endoscopic li-
gation and TIPS.

During the entire follow-up period for patients who
underwent APD, which averaged 28 months (0.5-140.8),
recurrent variceal bleeding was noted in 3 (9.7%) cases
from 0.2 to 63.2 months of follow-up. In spite of another
bleeding episode in the life of the patients, they remained
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alive, including due to liver transplantation performed
as soon as possible.

Considering that bleeding from EV can recur, the
time of its recurrence with one or another type of surgical
intervention was studied (Fig. 2). The analysis showed
that the APD surgery allows to postpone the time of
recurrence, thereby increasing the patient’s time on the
LT waiting list.

Analysis of the two-year mortality rate of patients
showed that the largest number of patients die when
portosystemic shunt is used as a method of stopping and
preventing variceal bleeding, while the use of APD, both
alone and in combination with other surgical interven-
tions, significantly reduces mortality (Table 2).

The Kaplan—Meier estimator was used to assess pati-
ent survival. The two-year LT waitlist survival function
in the created model was identified with the development
of recurrent variceal bleeding, followed by death (Fig. 3).
The significance of the differences between the survival
times in the compared groups using different criteria is
shown in Table 3.

The average predicted survival time of patients with
variceal bleeding when endoscopic ligation and TIPS are
used is 15.2 months and 14.3 months, respectively. When
endoscopic ligation is used in the first stage of stopping
bleeding, followed by TIPS or APD, the average survival
time reaches 20.6 months and 20.7 months, respectively.
When all the surgical methods we have considered are
used, the average survival time will be 19.9 months.

Thus, the use of surgical techniques to arrest and pre-
vent recurrent variceal bleeding certainly increases the
patient’s LT waitlist survival: 19.9 months with surgical
treatment versus 12.9 months without surgery (Log Rank
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(Mantel-Cox): Chi-square — 9.399; p = 0.002). A signi-
ficant proportion of patients will not die from bleeding
in the next two years, which will give them a chance to
move on to the next stage of treatment (liver transplan-
tation) for the underlying disease.

DISCUSSION

The severity of the patient’s condition, and, as a con-
sequence, the urgency of a transplant surgery, undoub-
tedly determines the MELD score. However, in order to

Table 2

2-Year mortality in different methods of surgical
treatment of bleeding varicose veins

Surgical intervention Abs. %
Endoscopic ligation 8 21.6
TIPS 3 42.9
Azygoportal disconnection 0 0.0
Endoscopic ligation-TIPS 3 37.5
Endoscopic ligation-APD 2 16.7
Endoscopic ligation-TIPS-APD 0 0.0

Table 3
Estimation of survival time differences
Criterion Chi-square Degrees Significance
of freedom

Log Rank

(Mimel_c()x) 11.270 5 0.046
Breslow

(Generalized 10.449 5 0.063
Wilcoxon)

Tarone-Ware 11.617 5 0.040
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criterion. EL — endoscopic ligation of VRV; TIPS — transjugular portosystemic shunting; APD — azygoportal dissociation

achieve greater patient selection objectivity, especially in
the background of recurrent variceal bleeding, each clini-
cal case, in our opinion, should be evaluated separately u.

In addition to MELD, in order to objectively assess
the severity of the patient’s condition, it is necessary to
take into account the degree of EV, number of bleeding
episodes, severity of hepatic encephalopathy, and pre-
sence of portal vein thrombosis. In turn, the concept of
therapeutic prophylaxis requires development of clear
criteria for prescribing non-selective B-blockers, since
their irrational use can have a negative impact on treat-
ment outcomes in patients.

Syndromic therapy and also timely prevention and
treatment of variceal bleeding are the guarantee for
long-term management of patients on the liver trans-
plant waitlist. In terms of surgical stopping of variceal
bleeding and its prevention, patients with the original
APD performed have an advantage. In 12 cases (38.7%),
patients achieved stable remission, 7 patients (22.6%)
were taken off the waiting list due to positive dynamics
in the disease course.

CONCLUSION

Analysis and evaluation of the results of using the
main methods for stopping and preventing bleeding
from EV in patients with cirrhosis waitlisted for liver
transplantation showed that recurrent bleeding occurs
primarily in those patients for whom passive surgical
tactics are followed. If a patient with EV is on the LT
waitlist for a long time and has at least one episode of
EV bleeding, APD should be considered as the surgery of
choice. A prerequisite for reducing LT waitlist mortality
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is the timeliness and adequacy of treatment measures and
systematic clinical and diagnostic monitoring.

The authors declare no conflict of interest.
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CLINICAL AND FUNCTIONAL FEATURES OF PENETRATING
KERATOPLASTY IN THE KINGDOM OF JORDAN.

A SINGLE-CENTER EXPERIENCE
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Objective: to determine the indications for penetrating keratoplasty (PK) in the Kingdom of Jordan and evaluate
its clinical and functional outcomes. Materials and methods. 213 patients underwent PK at the ophthalmology
department of King Abdullah University Hospital (KAUH) in Jordan from January 1, 2010 to December 31,
2018. While 196 (92.2%) patients were operated on in one eye, 17 (8.8%) underwent PK in both eyes. For all
patients, the best corrected visual acuity (BCVA) was checked using the Snellen table and compared with the
BCVA before surgery; biomicroscopy of the anterior segment of the eye, as well as applanation tonometry, were
carried out. Results. Keratoconus was found to be the most common indication for PK — 154 patients (73.2%).
For all patients, the BCVA improved from 0.08 before surgery to 0.25 after surgery. Conclusion. Keratoconus
is the most common indication for PK in both men (97, 71.3%, p < 0.05) and women (57, 74%, p < 0.05) in the
Kingdom of Jordan. PK is an effective method for treating various corneal disorders.

Keywords: corneal transplantation, indications, penetrating keratoplasty, keratoconus.

INTRODUCTION

Eye diseases are one of the most important economic
and social problems in the world. According to the World
Health Organization (WHO), corneal opacities affected
1.9 million people (5.1% of the total number of blind
people) [1].

It is estimated that about 23 million people worldwide
suffer from unilateral corneal blindness [2]. Common
pathologies leading to vision loss include keratoconus,
trachoma, onchocerciasis, neonatal conjunctivitis, and
keratomalacia as a result of vitamin A deficiency [1].

Penetrating keratoplasty (PK) is the main intervention
for restoring corneal structure and improving vision in
these patients. This surgical procedure involves replacing
the pathological cornea with a donor one [3].

Eduard Konrad Zirm performed the first successful
PK in 1905. It was a solid organ transplant in a human.
This solved one of the major problems of ophthalmology
at the time — helping patients with bilateral corneal leu-
koma. “It was a ray of light that cut through the gloom
of despondency,” prominent Soviet ophthalmologist and
surgeon Vladimir Filatov noted later [4].

Having learned about the success of PK, many resear-
chers all over the world began to identify more and more
new indications for such an intervention [5-9]. These
conditions include keratoconus, pseudophakic bullous
keratopathy, scars, corneal perforations, consequences
of keratitis, and trachomatous keratopathy being a major
problem in certain regions [1, 10].

Graft rejection was one of the most serious complica-
tions. This problem was later resolved through repeated
PK with preoperative HLA typing of donor and recipient
histocompatibility [11].

All the above conditions have a global prevalence
and similar clinical symptoms — total corneal opacity
requiring corneal replacement.

The number of PK surgeries performed in some re-
gions that are endemic for certain diseases is quite high.
For example, in the Kingdom of Jordan, 10,548 opera-
tions have been performed over the past 10 years.

The purpose of this study is to determine the indica-
tions for PK in the Kingdom of Jordan and to evaluate
its clinical and functional outcomes.

MATERIALS AND METHODS

Data from patients at the ophthalmology department
of King Abdullah University Hospital (KAUH) in Jordan
who underwent PK from January 1, 2010 to December
31, 2018 were retrospectively analyzed. Approval from
the KAUH Institutional Review Board (IRB) was obtai-
ned prior to the study (reference 13/3/122). The study
enrolled 213 patients (136 males and 77 females), their
ages ranging from 14 to 97 years (46.6 = 19.6). The data
were obtained from the annual statistical report of the
Jordan Eye Bank of the University of Jordan.

The quality of the donor material is the key to the
success of PK. According to annual reports, the number
of cornea donors has increased significantly over the past
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decade due to programs aimed at raising public aware-
ness. These programs are regularly published freely on
the Internet.

The following socio-demographic characteristics
were taken into account: gender, age, marital status, edu-
cational level, nature of activity (presence of harmful
factors affecting the eye), as well as existing concomitant
diseases, including hereditary ones, and genetic defects
aggravating the course of eye disease.

Further examination for all patients included che-
cking the best corrected visual acuity (BCVA) using the
Snellen table and comparing it with the BCVA before
surgery, biomicroscopy of the anterior segment of the
eye, applanation tonometry (in the absence of contrain-
dications) and corneal topography on Pentacam system
(OCULUS Optikgerdte GmbH). SPSS software (SPSS,
Inc., Chicago, Illinois, USA) was used for data analy-
sis. A p-value less than 0.05 was considered statistically
significant.

RESULTS

Characteristics of the clinical material (213 patients);
196 (92.2%) of them underwent PK on one eye and 17
(8.8%) on both eyes.

The study included 136 males (63.8%) and 77 fe-
males (36.2%). It was found that keratoconus was the
leading indication for PK both in men (71.3%, p < 0.05)
and in women (74%, p < 0.05). This was followed by
corneal opacities due to viral infection and dystrophies.
Further, in descending order, were eye injuries and burns
of various degrees of severity and previous graft rejec-
tion. Stevens-Johnson syndrome was the least among
the indications for PK (Table).

Before PK was performed, patients had different vi-
sual acuity in correlation with age: from correct light
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Fig. 1. Comparative characteristics of the best corrected vi-
sual acuity before penetrating keratoplasty in different age
groups

Table
Indications for penetrating keratoplasty by gender
Indications Men | Women Total
n %
Keratoconus 97 57 154 | 72.3
Herpes keratitis 9 6 15 7
Graft rejection 11 4 15 7
Injury 10 4 14| 6.7
Corneal dystrophy 8 2 10 | 4.7
Fungal keratitis 1 3 4 1.8
Stevens-Johnson syndrome | 0 1 1 0.5
Total 136 77 |213] 100

projection to 0.5 (mean value 0.08). These results are
shown in Fig. 1.

Visual acuity improved after PK. The mean postope-
rative BCVA in correlation with age in these patients
ranged from 0.05 to 1.0 (mean 0.25). The results are
shown in Fig. 2.

DISCUSSION

Penetrating keratoplasty is currently the only possible
way out for many corneal diseases. One of such condi-
tions is keratoconus at advanced stages with changes
in all corneal layers (Amsler-Krumeich classification
1998). Others include such urgent conditions as corneal
ulcers with perforation [12].

It was established that PK makes it possible to obtain
transparent engraftment in 93% with 60% stability.

Annual reports from the Jordan Eye Bank show that
in Jordan, a country that is endemic for keratoconus, the
number of PK operations has increased. This is due to an
increased number of corneal donors, which has shortened
the queue for this medical care [13].
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Fig. 2. Comparative characteristics of the best corrected visu-
al acuity after penetrating keratoplasty in different age groups
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Moreover, in two parallel independent studies by
Gharaibeh et al. and Altay et al., it was noted that the
most common indication for corneal transplantation was
keratoconus, which is fully consistent with our study —
72.3% [14, 9]. According to Yorston et al., PK can also
be a method for treating keratoconus and various corneal
dystrophies in Africa [15].

Our data showed that PK is a highly efficient method
in various corneal conditions. This has been justified
by the significant improvement in visual acuity by 3
times from 0.08 to 0.25. These data quite correlate with
the results obtained by Viera et al. from the University
Hospital, Sao Paulo, Brazil, showing that PK is the gold
standard for surgical treatment of keratoconus [16].

CONCLUSION

Keratoconus is the most common indication for PK
in Jordan, accounting for 72.3%. PK is an effective me-
thod for treating various corneal diseases, improving
visual acuity significantly. Eye care practice in Jordan
provides a high percentage of corneal transplants, due to
availability of donor material and qualified specialists.
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The COVID-19 pandemic has had global consequences due to the wide spread of the infection in the world, lack
of currently proven effective therapy, resistance to treatment in a significant proportion of those affected and, as a
result, high mortality, especially among high-risk groups. Kidney transplant recipients with coronavirus-induced
pneumonia are among the most problematic categories of patients. This patient cohort experiences a severe form
of the disease, taking into account a combination of risk factors, such as long-term immunosuppression, comorbid
background of patients, and consequences of chronic kidney disease. Difficulties in the management of recipients
with COVID-19 are also down to the limitation of the use of drugs due to adverse drug-drug interactions. Objective:
to analyze the course of COVID-19 disease in organ recipients, to assess the factors influencing the prognosis
of the disease, and to optimize approaches to treatment of these patients. Materials and methods. During the
period from April 15, 2020 to June 15, 2020, 68 people (38 men and 30 women) were hospitalized at our clinic.
Their average age was 49.7 + 9.2 years (22 to 70 years). COVID-19 diagnosis was verified by PCR. Multispiral
computed tomography (MSCT) scans showed that in all cases, there were characteristic lung lesions of varying
degrees of severity. Results. Out of the 68 people treated, 61 (89.8%) were discharged with recovery, 7 patients
died. So, the mortality rate was 10.2%. This indicator did not depend on age and gender. First of all, mortality
depended on the severity of lung lesions: at CT4 it was 43% (3/7), at CT3 — 11.1% (4/36), there were no deaths
in patients with CT2. There was a 100% mortality among patients who received mechanical ventilation. Severity
of graft dysfunction was also an important prognostic factor: with moderate dysfunction, this indicator was 8%
(5/63), while with severe dysfunction it was 40% (2 out of 5). Besides, a more severe prognosis was observed in
patients in the early post-transplant period: 5 patients out of the 7 who died of COVID-19 (71%) lived for less
than a year after kidney allotransplantation (ATP). Mortality in this category of patients was 24%, while in the
period from 1 to 5 years, this indicator was 13.6%; no deaths were recorded among patients with a period of over
5 years after ATP. All patients received antibacterial (levofloxacin or azithromycin) and antiviral (hydroxychlo-
roquine) therapy. In all cases, the baseline immunosuppressive therapy (IST) was changed, including withdrawal
of mycophenolic acid preparations, minimization of the calcineurin inhibitor dose (target concentration 1.5-3 ng/
mL for tacrolimus and 30-50 ng/mL for cyclosporine), and increase in prednisolone dose by 5 mg relative to
the current one. About 78% of cases received pathogenetic therapy with anti-interleukin monoclonal antibodies
(mainly tocilizumab). These patients also received intravenous immunoglobulin at 10 g average dose. In severe
COVID-19 accompanied in by clinical and laboratory signs of thrombotic microangiopathy 22% of cases, plasma
exchange sessions and/or infusion of fresh frozen plasma and dose adjustment of low molecular weight heparins
were performed. Conclusion. COVID-19-induced pneumonia in kidney transplant recipients is characterized by
a high risk of progressive lung damage and respiratory failure. Mortality in COVID-19 is independent of gender
and age, but correlates with post-transplantation period, severity of pneumonia, and severity of graft dysfunction.
The need for mechanical ventilation is associated with an extremely unfavorable prognosis of the disease.

Keywords: COVID-19, pneumonia, kidney allotransplantation, kidney grafi.

INTRODUCTION therapy, and resistance to treatment among a large pro-

The new coronavirus infection of 2019 COVID-19  portion of the patients and, as a result, high mortality rate
(SARS-CoV-2) has been declared a pandemic [2] and worldwide. The most serious threat from COVID-19 is
has had global consequences due to the widespread in-  in the high-risk patients. One of the most problematic
fection worldwide, lack of currently proven effective  categories of patients is renal transplant recipients with
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coronavirus pneumonia. It is assumed that immunosup-
pression worsens the course of the disease, exacerba-
ting the severity of the process, and it is characterized
by rapid progression of viral infection to pneumonia
in organ transplant recipients. Optimal therapeutic ap-
proaches have not yet been developed. This remains a
pressing issue and the subject of discussions by various
specialists. The severity of prognosis of the disease in
this patient cohort also depends on pronounced comor-
bid background (diabetes mellitus, arterial hypertension,
cardiovascular disease, consequences of chronic kidney
disease and pathogenetic therapy) in the vast majority
of kidney transplant recipients. Difficulties in the ma-
nagement of transplant recipients with COVID-19 are
also due to the limitation of the use of drugs as a result
of adverse drug-drug interactions.

Currently, large-scale studies on the follow-up for this
group of patients are lacking and are limited to regist-
ration of a series of cases at various clinics. According
to the largest series reported to date in Europe and the
United States, mortality ranged from 23% to 28% [1,
5-8], versus 5% mortality in the general population of
patients infected with COVID-19 [5], and higher than
the COVID-19 mortality among hospitalized severe non-
transplant patients, which is 21% [9]. Interestingly, none
of the series reported acute rejection and graft loss as a
result of reduced immunosuppression [1, 5-8]. Various
immunosuppressive therapy management strategies,
based on stepwise reduction of immunosuppression de-
pending on the severity of the disease, have been pre-
sented in reports.

The main pathogenetic mechanism of severe lung in-
jury and development of a “cytokine storm” is attributed
to a maladaptive immune response, which is particularly
important in immunocompromised transplant patients.
Treatment for COVID-19 is based on antiviral drugs
that inhibit SARS-CoV-2 proliferation and on immu-
nomodulatory drugs that inhibit the “cytokine storm”
causing acute respiratory distress syndrome (ARDS) and
life-threatening respiratory failure [3, 4]. Tocilizumab is
currently the most popular treatment used to counteract
hyperinflationary syndrome causing respiratory com-
promise [1, 10]. Also, vascular endothelial cell injury,
which may be the cause of thrombotic microangiopathies
(TMA), has recently received increasing attention in
pathogenesis. In this regard, there are more and more
publications on the use of plasma exchange, plasma in-
fusions and eculizumab in the treatment of severe cases
of COVID-19 complicated by TMA [11-14].

Our study was aimed at studying the characteristics
of inpatient management of kidney transplant recipients
with pneumonia caused by SARS-CoV-2. In this study,
we included hospitalized renal transplant recipients with
verified new coronavirus infection, pneumonia (PCR,
MSCT). The aim of the study was to analyze the course
of COVID-19 in organ transplant recipients, to assess
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the factors affecting the prognosis of the disease, and to
optimize treatment approaches for these patients.

MATERIALS AND METHODS

From April 15,2020 to June 15, 2020, 68 people (38
men and 30 women) were treated in our hospital. The
mean age was 49.7 £ 9.2 years (22 to 70 years).

The post-kidney ATP period varied widely (from 1.5
months to 24 years) and averaged 62.6 + 72.7 months. In
21 people (30.9%), the post-kidney ATP period did not
exceed 1 year (13 of them had just a 3-month period).
It ranged from 1 to 5 years, 5 to 10 years and over 10
years for 22 patients (32%), 14 patients (20.5%) and 11
patients (16%) respectively.

The majority of patients, 63 of 68 (92.6%), had mo-
derate graft dysfunction not exceeding 200 pmol/L at the
time of hospitalization. Dysfunction was severe (more
than 400 umol/L) in 5 (7.4%) cases and required renal
replacement therapy. Plasma creatinine levels averaged
168.6 £ 92.7 pmol/L.

Immunosuppressive therapy (IST) at the time of hos-
pitalization included prednisolone, mycophenolic acid
preparations and calcineurin inhibitors (tacrolimus 91%,
cyclosporine 9%). COVID-19 diagnosis was verified
by PCR. MSCT revealed characteristic lung lesions of
varying severity in all cases: CT grade 2 was diagnosed
in 25 patients (37%); CT grade 3 in 36 patients (53%),
and CT grade 4 in 7 patients (10%). Patients with CT
grades 3 and 4 had progressive respiratory insufficiency
and needed oxygen support.

The duration of hospitalization varied from 8 to 31
days, averaging 14.1 £ 5.9 days.

RESULTS

Of the 68 people, 61 (89.8%) recovered and were di-
scharged, 7 patients died. The mortality rate was 10.2%.
This indicator did not depend on age and sex. First of
all, mortality depended on the severity of pulmonary
involvement: 43% (3/7) CT4 and 11.1% (4/36) CT3 pa-
tients died. There were no deaths among CT2 patients
(Fig. 1). Among the patients on mechanical ventilation,
the mortality rate was 100%.

Severity of graft dysfunction was also an important
prognostic factor: 8% (5/63) in moderate dysfunction
against 40% (2/5) in severe dysfunction. During hos-
pitalization, 20 patients with moderate dysfunction de-
veloped acute renal injury, followed by restoration of
graft function to baseline in 15 cases out of 20, while 5
cases of progressive dysfunction within the framework
of multiple organ failure ended in death. The average
creatinine level at the time of hospitalization was 222.3 +
118.4 pmol/L (median 185 pmol/L), which turned out
to be significantly higher than in those who recovered
(401.3 £ 291.8 umol/L (median 322 pmol/L) (Fig. 2)

In addition, a more severe prognosis was observed
in patients in the early post-kidney ATP period: in 5 out
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of 7 patients who died from COVID-19 (71%), the post-
kidney ATP period was less than a year. So, the mortality
rate in patients in the early stages after kidney ATP (less
than 12 months) was 24% (of the total number of trea-
ted patients). In the period from 1 to 5 years, mortality
was 13.6%. There were no deaths among patients whose
post-kidney ATP period was more than 5 years (Fig. 3).
However, for more than 10 years, there were more often
severe bacterial complications after COVID-19, which is
probably due to long-term immunosuppression.

Based on the experience of our center, we developed
an internal protocol for the treatment of kidney transplant
recipients with COVID-19.

In all cases, the baseline immunosuppressive thera-
py (IST) was changed, including withdrawal of myco-
phenolic acid preparations, minimization of the dose of
calcineurin inhibitors (target concentration of 1.5-3 ng/
mL for tacrolimus and 30-50 ng/mL for cyclosporine),
and increasing prednisolone dose by 5 mg relative to the
current dosage.

During hospitalization, it was noteworthy that 30%
of patients showed high tacrolimus levels against a back-
ground of usual dosages of the drug. At the same time,
only half of them had diarrhea. In the remaining 15%, in-
creased tacrolimus levels did not correlate with diarrheal
syndrome. In 12% of patients, temporary withdrawal of
calcineurin inhibitors was required (for 2—-3 days).

All patients were prescribed antibiotic therapy: initial
therapy with levofloxacin or azithromycin, with sub-
sequent adjustment depending on the effectiveness of
therapy and data from microbiological studies.

In all cases, antiviral therapy was also given: hyd-
roxychloroquine in doses adjusted for renal function.
In patients with a cardiac history and existing cardiac
arrhythmias, hydroxychloroquine was administered wi-
thout a loading dose.

We did not use ritonavir/lopinavir in renal transplant
recipients due to adverse drug interactions with the main
IST drugs (tacrolimus, cyclosporine).

Pathogenetic therapy with anti-interleukin monoclo-
nal antibodies was administered in 53 patients (78%). Of
these, 38 patients (72%) received tocilizumab, 8 (15%)
received sarilumab, 5 (9%) were administered with cana-
kinumab, while 2 (4%) got netakimab. At the same time,
the tocilizumab dose was reduced taking into account the
ongoing baseline immunosuppressive therapy. In most
cases (79.5%), the dose did not exceed 200 mg. In 14
patients (20.5%), the dose ranged from 240 to 600 mg.
The choice of a drug, dose and additional administration
was determined based on the severity of the clinical,
laboratory and X-ray picture.

Also, intravenous immunoglobulin (average dose
10 g) was administered in all patients in order to correct
their immunological status.

In a number of patients (22%), mostly with severe
COVID-19, there were clinical and laboratory signs of
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thrombotic microangiopathy (anemia, thrombocytope-
nia, increased lactate dehydrogenase (LDH), D-dimer,
organ ischemic disorders). Therefore, sessions of plasma
exchange and/or FFP infusion were carried out as a pa-
thogenetic therapy. The dose of low molecular weight
heparin (LMWHs) was also adjusted. Against this back-



RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS

Vol. XXII' N2 4-2020

ground, regression of secondary TMA manifestations
was observed in the majority of patients.

CONCLUSION

COVID-19-induced pneumonia is characterized by
a high risk of progressive lung injury and respiratory
failure. Mortality in COVID-19 does not depend on sex
and age. However, it correlates with the post-transplant
period, severity of pneumonia and severity of graft dys-
function. Transfer to mechanical ventilation is associ-
ated with an extremely unfavorable prognosis of the
disease. The following categories of patients presented
the greatest difficulty for management: patients in the
early period after kidney ATP and patients with severe
graft dysfunction due to a high risk of death, as well
as patients with a post-transplantation period of more
than 10 years due to a high risk of complications on the
background of prolonged immunosuppressive therapy
and severe comorbidity.

According to our experience in managing this patient
cohort, COVID-19 therapy includes mandatory minimi-
zation of IST, and in moderate to severe course — admi-
nistration of anti-interleukin drugs and immunoglobulin.
If signs of secondary TMA appear, the use of plasma
exchange and/or FFP infusion becomes effective. As in
the general population, the use of LMWHs is recom-
mended in renal transplant recipients. Thus, COVID-19
in renal transplant recipients is characterized by a grea-
ter severity of the infectious and inflammatory process
against the background of immunosuppressive therapy
compared to the general population of patients, frequent
renal transplant dysfunction, and unstable levels of base-
line immunosuppressants. Taking this into account, it is
not advisable to use drugs that have pronounced inter-
action with baseline immunosuppressants (calcineurin
inhibitors).

At present, the question on approaches to COVID-19
treatment in renal transplant recipients remains open and
requires further study.

The authors declare no conflict of interest.
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J-SHAPED STERNOTOMY IN AORTIC VALVE REPAIR
AND ASCENDING AORTA REPLACEMENT. SHORT-TERM RESULTS
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Objective: to evaluate the short-term outcomes of surgical treatment of aortic valve and ascending aorta defects
performed through mini-sternotomy using normothermic cardiopulmonary bypass and hyperkalemic cardioplegia
via Calafiori technique from May 8, 2019 to May 14, 2020. Materials and methods. The study enrolled 80 pa-
tients with isolated aortic valve disease and combined pathology of the aortic root and ascending aorta. It lasted
from May 8§, 2019 to May 14, 2020. The patients were divided into two groups: Group 1 included 30 patients in
whom the upper median J-shaped sternotomy was applied as an access, while Group 2 consisted of 50 patients
in whom standard median sternotomy was used as an access. The patients consisted of 43 (53.7%) males and 37
(46.3%) females; the average age was 55.1 + 11.6 years. All patients were examined before surgery. There were no
statistically significant differences between the two groups. Results. Group 2 had a 30-day mortality of 2% (n=1)
due to the development of acute heart failure against the background of heart rhythm disturbances. One patient
in this group had a late mortality due to acute cerebrovascular accident occurring a month after discharge, which
corresponded to 2% (n = 1). There were no deaths in Group 1. In Group 1, there were two conversions (6.7%)
to longitudinal median sternotomy. In the first case, it was not possible to restore heart rhythm through repeated
defibrillator discharges from mini-sternotomy access due to the presence of an adhesive process in the pericardial
cavity. In the second case, ligation of the right internal thoracic artery was required after sternal wire sutures. Arti-
ficial ventilation (AV) lasted for 170.9 & 70.2 minutes in Group 1 and 358.2 + 169.5 minutes in Group 2. Cardiac
activity was independently restored in 23 patients (77%) in Group 1, and in 12 (24%) in Group 2 (p < 0.001).
Intraoperative blood loss was 400 £+ 150 mL and 850 + 150 mL (p < 0.05) in Group 1 and Group 2, respectively.
In the early postoperative period, it was 200 + 150 mL in Group 1 and 350 = 150 mL in Group 2. The length of
stay at the intensive care unit and the duration of intensive therapy did not exceed 1 day in both groups. In the
early postoperative period, 4 patients in Group 1 (13%) and 27 patients in Group 2 (54%) needed inotropic support
(p <0.001). The need for painkillers and non-steroidal anti-inflammatory drugs was within 3—4 days in Group 1
and 8-10 days in Group 2. In-hospital postoperative period varied from 10 to 16 days in both groups, depending
on the severity of the initial condition, presence of concomitant diseases and the need to select an adequate anti-
coagulant dose. The patients were discharged in satisfactory condition under the supervision of a cardiologist at
their homes. There were no inflammatory complications in the access area in both groups during their in-hospital
stay. Among the complications in the mid-term postoperative period, two months after discharge, mediastinitis
was observed in Group 2. The patient was re-hospitalized, after a course of antibiotic therapy which resolved the
mediastinitis; sternal osteosynthesis was performed. Conclusion. Based on the study, it has been shown that this
technique reduces the duration of mechanical ventilation, ensures early extubation, decreases blood loss, and,
accordingly, ensures the use of replacement therapy, chest stability and a better cosmetic effect. It should be noted
that there was no mortality and sternal complications in the patient group with a minimally invasive approach.

Keywords: minimally invasive surgery, aortic surgery, aortic valve, mini-sternotomy.

Despite the first successful minimally invasive aortic
valve replacement surgery performed in Cleveland in
1996 by Cosgrove and Sabik [1], longitudinal median
sternotomy remains the main standard approach among
cardiac surgical access techniques. In May 1997, at the
Ist World Congress on Minimally Invasive Cardiac
Surgery in Paris, it was decided that the main goal of
minimally invasive surgery is to reduce the number of
predicted complications and accelerate patient recove-

ry, provided that the effectiveness of surgical treatment
and the duration of therapeutic effect are maintained.
In Russia, the first aortic valve replacement through the
upper mininotomy was performed in October 1997 by
L.A. Bockeria [2].

Some of the main advantages of minimally invasive
techniques after surgery over the conventional access
include reduced traumatic nature of surgical intervention,
superior cosmetic results, reduced pain in the postope-

Corresponding author: Tuiaara Govorova. Address: 1, Shchukinskaya str., Moscow, 123182, Russian Federation.

Phone: (985) 852-30-17. E-mail: tuyagov@inbox.ru



RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS

Vol. XXII' N2 4-2020

rative period, and possibility of early patient activation
due to thoracic stability, which leads to shorter hospital
stay [3].

Studies have shown that the minimally invasive tech-
nique provides reduced pain, lower number of sternal
complications, respiratory disorders due to thoracic sta-
bility and preservation of the integrity of the diaphragma-
tic attachment to the chest wall, reduced blood loss and
transfusions, and shorter hospital stay. There was also a
decrease in the incidence of atrial fibrillation, myocardial
infarction and strokes in the postoperative period [3—22].
In 2017, German colleagues reported on their experience,
which showed that upper sternotomy during aortic arch
surgery does not increase the risk of complications and
mortality [3]. The Swiss Cardiac Surgery Guidelines,
published in February 2020, reported that, when com-
pared with the conventional access, minimally invasive
aortic valve surgery reduces postoperative mortality and
complications [23].

Most revealing is the data provided by T.A. Rayner
et al. In January 2020, the results of a comparative meta-
analysis based on online databases Medline, EMBASE,
Cochrane Library and Web of Science, were published.
The meta-analysis included 1101 patients with minimally
invasive aortic surgery and 1405 patients with standard
median sternotomy from thirteen published studies. The
confidence level in all previously reported results re-
mains very low. Mortality and incidence of stroke were
similar between the 2 cohorts. Meta-analysis demonst-
rated increased length of cardiopulmonary bypass (CPB)
time, more time in hospital and intensive care among
patients undergoing standard median sternotomy com-
pared with minimally invasive surgery of the aortic root
and ascending aorta. This group also had higher risks of
bleeding and renal impairment [24].

To reduce the risk of surgery, patients with conco-
mitant coronary artery disease can be offered two-stage
operations using endovascular surgery [8]. The success
of minimally invasive surgery also depends on individual
selection of patients. The patient’s specific anatomical
and pathophysiological characteristics, as well as the
experience of the surgical team in provision of adequate
access and working in minimally invasive conditions
should be taken into account.

This technique has its disadvantages: the need (in
some cases) for the use of peripheral cannulation for
CPB, internal thoracic artery injury, as well as cases of
conversion to complete longitudinal median sternoto-
my [5].

Objective: to evaluate the short-term outcomes of
surgical treatment of aortic valve and ascending aorta
defects performed through mini-sternotomy using nor-
mothermic cardiopulmonary bypass and hyperkalemic
cardioplegia via Calafiori technique from May 8, 2019
to May 14, 2020.
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MATERIALS AND METHODS

The study enrolled 80 patients with isolated aortic
valve disease and combined pathology of the aortic root
and ascending aorta. It lasted from May 8, 2019 to May
14, 2020. The patients were divided into two groups:
group 1 included 30 patients in whom the upper median
J-shaped sternotomy was applied as an access — aortic
valve prosthetics (15), aortic valve and ascending aortic
prosthetics with a valve-containing conduit according to
the Bentall-De Bono technique (1) and the Kouchoukos
modifications (4), valve-preserving operations according
to the David I (3) and the Florida Sleeve (1) techniques,
supracoronary ascending aortic replacements (4), as-
cending aorta prosthetics with annuloplasty of the aortic
annulus fibrosus (2). Group 2 consisted of 50 patients
in whom standard median sternotomy was used as an
access: aortic valve replacement (17), aortic valve and
ascending aorta valve replacement with valve-containing
conduit according to the Bentall-De Bono technique (4)
and the Kouchoukos modifications (1), valve-preserving
operations according to the David I (18) and Florida
Sleeve (5) techniques, aortic valve leaflet repair (5).

There were 43 (53.7%) males and 37 (46.3%) fema-
les that underwent surgery. Their mean age was 55.1 +
11.6 years.

Before surgery, all patients underwent standard exa-
minations, including collection of complaints, medical
history, physical examination, laboratory and imaging
investigations (electrocardiography, echocardiography
(EchoCQ@G)), chest X-ray in direct projection, direct X-ray
contrast-enhanced spiral CT). Preoperative evaluation
revealed no statistically significant differences between
the two groups.

Chest X-ray in direct projection and chest X-ray
contrast-enhanced spiral CT help to determine the level
of the aortic root location and its projection onto the
sternum and intercostal space, which is the determining
factor for choosing the level of the intercostal space
when conducting a median J-shaped mini-sternotomy for
planning the access length and predicting visualization
of the aortic root and ascending aorta (Fig. 1, 2).

The skin incision was made longitudinally for 7-9 cm,
departing from the sternum handle by 2—3 cm. The me-
dian J-shaped mininotomy, depending on the projection
of the aortic root onto the sternum, was performed along
the 3rd and 4th intercostal spaces in 13 (43%) and 17
(57%) patients, respectively (Fig. 3, 4).

After opening the pericardium, standard direct aortic
cannulation and venous cannulation of the right atrial
appendage were performed using a two-level cannula.
The left heart was drained through the right superior
pulmonary vein (Fig. 5).

Surgical interventions were performed under cardio-
pulmonary bypass in conditions of moderate hypother-
mia or normothermia at 34.1-36.2 °C temperature with
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Fig. 1. Chest X-ray in a direct projection: (1) aortic root pro-
jection, (2) sternotomy line, (3) intersection of the sternum
through the 3rd intercostal space, (4) intersection of the ster-
num through the 4th intercostal space. The white areas indi-
cate the position of the ribs

selective introduction of blood hyperkalemic cardiople-
gia via Calafiori technique. A standard set of instruments,
a small wound retractor and a defibrillator with small
internal paddles were used.

All patients underwent surgical interventions under
transesophageal echocardiography to assess myocardial
contractility, fill the cardiac cavities, assess the adequa-
cy of air embolism prevention and surgical treatment
outcome.

When using a minimally invasive technique, ult-
rasound control is necessary to assess the location of
the venous cannula in order to prevent impaired blood
outflow in the CPB device, as well as to evaluate the
correction performed (prosthetics or heart valve repair).
Also, at the end of CPB, ultrasound assessment of the
deaeration process and heart function is necessary, since
direct visual monitoring of cardiac activity is impos-
sible. Fig. 6 shows the final view after skin suturing.
Fig. 7 shows X-ray contrast-enhanced spiral computed
tomography with reconstruction of the aortic root and
ascending aorta (a — before surgery, b — after reconst-
ruction of the aortic root and ascending aorta according
to the David I technique).

The peculiarity of using the mini-access is to effect
drainage into the pericardial cavity and suture the elec-
trode to the right ventricle for temporary stimulation
before removing the clamp from the aorta, with an un-
filled heart.

Air embolism was prevented by active drainage of the
left heart and intraoperative injection of carbon dioxide
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Fig. 2. X-ray contrast-enhanced spiral CT scan of the chest
with a J-shaped access line. (a) the sternum is preserved, (b)
a section of the sternum was removed along the cutting line,
for the purpose of approximately visualizing the aortic root
and ascending aorta

into the pericardial cavity at 2 L/min. To prevent aeroem-
bolism, the ascending aorta was additionally punctured.

RESULTS

Thirty-day mortality in group 2 was 2% (n = 1) due
to the development of acute heart failure amidst heart
rhythm disturbances. Late mortality was also observed
in group 2 in one patient due to stroke one month after
discharge, corresponding to 2% (n = 1). There were no
deaths in group 1.

In group 1, two patients underwent conversion to
median longitudinal sternotomy — 6.7%. In the first case,
it was not possible to restore rhythm with multiple de-
fibrillator discharges from the ministerial access due to
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Fig. 3. Median J-shaped mini-sternotomy through the 3rd in-
tercostal space. Optimal visualization of the aortic root and
ascending aorta

Fig. 5. (1) Central cannulation of the ascending aorta (2) and
the right atrium (3) with the left cannula laid through the
right superior pulmonary vein

adhesions in the pericardium. The second required li-
gation of the right internal thoracic artery after sternum
stitching with wire sutures.

Artificial ventilation in group 1 and in group 2 lasted
for 170.9 + 70.2 minutes and 358.2 = 169.5 minutes,
respectively.

There was independent restoration of cardiac activity
in 23 patients (77%) in group 1, and in 12 (24%) in group
2 (p<0.001).
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Fig. 4. Median J-shaped mini-sternotomy through the 4th in-
tercostal space

Fig. 6. A 8.5-cm skin incision

Intraoperative blood loss in group 1 and group 2 was
400 + 150 mL and 850 + 150 mL (p < 0.05), respectively.
In the early postoperative period — 200 + 150 mL and
350 £ 150 mL, respectively.

Length of intensive care among all patients in both
groups did not exceed 1 day.

In the early postoperative period, 4 patients (13%)
needed inotropic support in group 1, and 27 patients
(54%) in group 2 (p < 0.001). The need for painkillers
and non-steroidal anti-inflammatory drugs in group 1 and
group 2 was within 3—4 days and 8—10 days, respectively.

In group 2, two patients (4%) required a second in-
tervention due to sternal diastasis; sternal osteosynthesis
was performed in the early postoperative period.

In-hospital postoperative period in both groups varied
from 10 to 16 days, depending on severity of the initial
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Fig. 7. X-ray contrast-enhanced spiral CT scan with reconstruction of the aortic root and ascending aorta: (a) before surgery,
(b) after reconstruction of the aortic root and ascending aorta by the David I method

condition and presence of concomitant diseases and the
need to select an adequate anticoagulant dose. The pati-
ents were discharged in satisfactory condition under the
supervision of a cardiologist at their place of residence.
There were no inflammatory complications in the
access area in both groups during the hospital period.
Among the complications in the mid-term postoperative
period, two months after discharge, mediastinitis was
observed in group 2. The patient was re-hospitalized,
after a course of antibiotic therapy with resolution of
mediastinitis, sternal osteosynthesis was performed.

FINDINGS:

1. Median J-shaped mini-sternotomy is a safe and feasi-
ble approach to perform a full range of interventions
on the aortic valve and ascending aorta, which pro-
vides adequate visualization to the aortic root and
ascending aorta and partially to the right heart, while
maintaining the integrity of the thoracic cage.
Mini-sternotomy, in contrast to the standard median
sternotomy, showed reduced blood loss, earlier extu-
bation, reduced need for inotropic support, absence
of wound, infectious and other sternal complications,
and absence of in-hospital mortality.

. In planning the length of access and predicting ade-
quate visualization of the aortic root and ascending
aorta, chest X-ray contrast-enhanced spiral computed
tomography should be performed.

Blood hyperkalemic cardioplegia by Calafiori tech-
nique is the preferred method of myocardial protec-
tion in surgical correction of aortic defect. Our experi-
ence shows that independent restoration of the rhythm
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was recorded in 77% of cases when this myocardial
protection method was carried out.

. Repeated interventions and pronounced adhesions
can complicate heart rhythm restoration, increasing
the likelihood of conversion to median sternotomy.

CONCLUSION

The technique reduces the duration of mechanical
ventilation, ensures early extubation, reduced blood loss
(and, accordingly, reduced use of replacement therapy),
and provides thoracic stability and superior cosmetic
results. Note that there was no mortality and sternal
complications in the group of patients with a minimally
invasive approach.

A better thoracic stability makes minimally invasive
surgical access the first choice both in comorbid patients
and in patients with high body mass index, and in high-
risk patients in general.

A properly performed surgery shortens the operation
time. This in turn reduces the cardiopulmonary bypass,
myocardial ischemia, anesthesia and blood loss during
operation.

We also agree with our colleagues about the need for
a prospective randomized study in order to avoid possible
erroneous conclusions from retrospective data.

The authors declare no conflict of interest.
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Patients suffering from end-stage congestive heart failure are in the severe category of cardiac patients. For many
decades, there has been active development of circulatory assist devices. However, despite significant progress
made in this area, the use of such devices is associated with several dangerous complications, one of which is
thrombosis. The problem of creating biocompatible materials still remains unresolved. Analyzing the mechanism
and risk of this complication allows to determine the ways of solving this problem.
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support devices.

Over 50 years have passed since the first heart trans-
plant surgery was performed by Christian Barnard and
his team at Groote Schuur Hospital [1].

Unfortunately, acute shortage of donor organs was
and still remains the “Achilles’ heel” of this treatment
method. For instance, due to organ shortage, the number
of heart transplants performed in the United Kingdom
(UK) and in many Western countries has dropped shar-
ply over the past decades. Moreover, the waiting list
continues to increase [2]. In the UK, of the estimated
750,000 heart transplant candidates, only around 0.02%
undergo transplantation. Consequent to this mismatch
between supply and demand, almost 10% of patients on
the heart transplant waiting list continue to die every year
[3]. According to the Canadian Institute for Health Infor-
mation, over the past 10 years, the annual mortality rate
of patients awaiting heart transplantation was 16% [4].
In the United States of America, despite 35,000—64,000
patients requiring heart transplants, only 2,200-2300
operations are performed per year [5]. In the Russian
Federation, data for 2018 shows that there were 823 pa-
tients on the waiting list, but only 282 heart transplants
were performed during the year [6].

To solve this problem, many mechanical devices ca-
pable of effectively and safely providing circulatory sup-
port have been developed over the past few decades [7].

In the vast majority of cases, existing devices do not
actually replace the heart, but function as a ventricular as-
sist device (LVAD), providing the proper minute volume
of blood circulation. Perhaps the main purpose of using
LVAD today is to serve as a “bridge to transplantation”.
The use of circulatory support devices in patients with
extremely poor prognosis of life expectancy can signi-
ficantly improve the quality of life and increase survival
to heart transplantation. According to the REMATCH
randomized trial published in 2001, the annual survival

rate of patients who received first-generation LVADs was
52% versus 25% in the medical drug therapy group. At
24 months, the trend continued, with 23% survival in
the LVAD group and 8% in the medical therapy group.
Currently, second- and third-generation LVADS provide
similar 1-year survival (approximately 90%) compared
to cardiac transplantation [8].

According to other studies, almost 70% of patients re-
ceiving LVAD support survive the waiting period for the
donor organ, and in the case of implantation of the latest
generations of devices, this figure reaches 79% [9, 10].

Since organ shortage was the main problem that
prompted the development of circulatory assist de-
vices, the predicted period of operation was rather short.
However, subsequent development of technologies and
production of biocompatible materials has significant-
ly improved the safety of device models. Over time,
there appeared a separate group of patients in whom
regression of clinical signs of circulatory insufficiency
and, as a consequence, absence of indications for heart
transplantation, was observed against the background
of previously implanted LVAD. This fact contributed
to the consideration of mechanical circulatory support
as a means of “destination therapy”. In addition, the
emergence of new LVAD models has achieved long-
term circulatory support. This has led to restoration of
full pumping function of the heart with the possibility
of subsequent explantation of the device. According to
some researchers, this “bridge to recovery” strategy has
been successfully implemented in 5-10% of adult pati-
ents [11, 12].

The key problems preventing LVAD from becoming a
complete alternative to heart transplant procedure are the
development of biocompatible materials and a reliable
pumping unit mechanism.
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The idea of prosthetics for the pumping function of
the heart naturally guided engineers towards simulating
pulsatile blood flow, synchronized with the heart’s own
rhythm. So, in 1975 the first generation of the HeartMate
system (Thratec Corporation) was created.

In principle, this pump was an elastic chamber that
changed its volume through a special installation using
the force of an injected gas, liquid, or an electromechani-
cal method. At the inlet and outlet of this chamber, valves
were installed to ensure unidirectional blood flow. Like
a living heart, during the filling phase, blood entered
the elastic chamber of the pump, after which, during the
ejection phase, it was released into the patient’s arterial
system. The first devices were rather bulky, required
synchronization with the heart’s own rhythm, and were
difficult to operate. However, in spite of the fact that the
pulsating nature of blood movement is physiological, in
subsequent years in the clinical practice of using LVAD
in adult patients, on-pulsating devices (more than 94%)
became the most widespread devices [13].

Rotary blood pumps have several important advan-
tages, one of them being that they do not require a large
chamber volume to generate a working ejection compa-
rable to the native heart ventricle. In subsequent pump
generations, the flow was generated by rotating the im-
peller either as an axial (straight) or centrifugal (from
the center to the tangential edge) flow. Rotary pumps
consume significantly less energy, have fewer moving
parts, and have no valves or cyclic drives. In second-
generation designs, the main places of wear are bearings.
For instance, it is known that the estimated service life
of devices implemented by a rotor-supported bearing
system is 1-2 years, at 9000—15000 rpm, and despite
numerous attempts to adapt the operation of this part of
the pump in specific blood conditions, most of the pro-
blems (thrombosis, breakage, exhaustion of the strength
resource) have not been resolved [14].

In the third-generation devices, mechanical wear has
been reduced by magnetic suspension of the rotor. This
innovative design has greatly improved overall reliabi-
lity and durability. Lower total weights and volumes of
implantable devices make the third-generation systems
applicable to patients with a small body surface area
(small women and children). Without valves, a pump
bag compression and bearing source, the third-generation
rotary pumps are much quieter than their predecessors.

While rotary pumps are free of some of the disad-
vantages of pulsatile LVADs, they come with a number
of' unique biocompatibility issues. The high rotor speeds
(~5000—-10000 rpm), required to generate a flow rate
of ~5 liters per minute, expose the blood cells to high
peak shear stresses. And although these stresses are of
a very short duration, they can lead to hemolysis and
platelet activation. That is why, from this point of view,
centrifugal disc-type pumps, allowing to develop the
design capacity at minimum (less than 3000 rpm) rotor
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revolutions, minimizing the risk of blood hemolysis, are
better [15, 16].

Besides hemolysis, one of the main problems limiting
the long-term use of any LVAD model is thromboembolic
complications. The difficulty in analyzing thromboem-
bolic complications is due to differences in the under-
standing of assessment criteria. Thromboembolic com-
plications range from focal tissue necrosis, detected only
on histological studies, to persistent neurologic symp-
toms (stroke). Data published in 2009 by INTERMACS
described 199 neurological, 14 arterial, and 33 venous
thrombotic complications in 483 LVAD patients over a
two-year period. In this report, central nervous system
events were the leading cause of death (11%), which
further emphasizes the difficulty of addressing the bio-
compatibility problem and its present urgency [17].

One of the ways to combat major complications was
to reduce the area of the inner surface of the pump in or-
der to reduce the blood-contacting surface area. Thus, the
surface area of the latest generations of pumps was sig-
nificantly reduced (for HeartMate I, the blood-contacting
surface area varied from 400 to 500 cm?®). However, des-
pite this, the problem of thromboembolism still remains
unsolved. Another way of tackling this problem was to
accelerate endothelialization of the inner surface of the
pump, for example, despite the large blood-contacting
surface area, a textured surface was successfully used
in the HeartMate XVE model. The blood- and tissue-
contacting surfaces of titanium cannulas were covered
with sintered titanium microspheres 50-75 um in diame-
ter (Fig.), and 25 mm xenopericardial valves (Medtronic)
were installed at the pump inlet and outlet. The diameter
of'the fibrils of the fully textured polyurethane surface of
a flexible diaphragm was approximately 18 pum.

Despite the fact that the idea of using a textured sur-
face seemed risky at first, this concept turned out to be
an original solution to the biocompatibility problem. The
clots of heterogeneous composition, rapidly forming and
tightly fixed on the inner surface, containing platelets,
monocytes, macrophages, lymphocytes and multipo-
tent circulating cells created optimal conditions for early
(about 7 days) formation of pseudo-intima, significantly
reducing the risk of thromboembolism [18].

In this case, formation of the neointima, apparently,
occurred due to the natural drift of pluripotent cells by
the blood stream. At the same time, it was shown that the
forming neointima does not exceed 150 pm in thickness
within a year after implantation [19].

The resulting pseudointima does not have antithrom-
botic properties. However, Spanier et al. suggested that
such a surface could work by creating a stable prothrom-
botic and potentially pro-inflammatory environment that
induces continued coagulation through the tissue factor
pathway. An enhanced fibrinolytic response by the body,
which has been described many times in literature, serves
as a natural autoanticoagulation to prevent the develop-
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Fig. Textured surface of the HeartMate XVE

ment of thromboembolic syndrome. In addition, impres-
sive clinical results recorded by the first generation of
the pump is due to the fact that the formed thrombi are
much less likely to migrate due to the stronger adhesion
to the extracellular matrix present on the surface.

Unfortunately, this concept of natural surface modifi-
cation cannot be implemented in smaller continuous flow
pumps, and it is likely that the smaller blood-contacting
surfaces of these pumps could offset any potential in-
creased risk.

The HeartMate II has the highest efficacy and safety
record of any LVAD implanted. It has been implanted
in over 10,000 patients in about 300 different clinics
around the world. In patients under 70 years of age wi-
thout cardiogenic shock, diabetes, and renal failure, the
HeartMate II circulatory support showed a 1-year and
2-year survival of 80% and 70%, respectively, which is
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comparable to heart transplantation outcomes. Moreover,
the PREVENT study showed a 4.8% risk of thrombosis
for this device in the first 6 months after implantation.
According to Kreuziger et al., HeartMate II thrombosis
occurs in 10% of patients after implantation [20-22].

The main cause of thrombosis in these cases is the
heat generated in the inflow part of the bearing unit. This
is where thrombotic masses were found most often; appa-
rently, this was associated with the heat released during
rotor rotation, protein denaturation and fibrin depositi-
on. Histological analysis of the thrombi found around
the inlet bearing in HeartMate II showed high levels of
fibrin, which supports the coagulation theory of throm-
bosis. Administration of warfarin therapy by reducing
the concentration of clotting factors 11, VII, IX and X
helped to reduce the likelihood of thrombosis [23, 24].

However, artificial surfaces can directly activate pro-
teins of the internal pathway — factors XI and XII, on
which warfarin has no effect, whereas the activity of the
internal pathway was significantly affected by the nature
of the flow generated by LVAD. An absolute 40-50%
decrease in clotting factors XI and XII after pulsatile
LVAD implantation has been proven [25].

The latest-generation HeartMate III (Abbott, Chi-
cago, IL) with a fully magnetic rotor suspension has
software that allows for generation of a pulsatile flow.
The first large study conducted in 10 centers (Europe,
Kazakhstan, Canada, Australia) showed excellent outco-
mes: no hemolysis, no thrombosis or failure within 12
months, not a single case of stroke was recorded [26, 27].
According to Krabatsch et al., there was a 92% 6-month
survival and an 81% 12-month survival [28].

However, according to a study published in 2018 by
Konstantin et al., comparing three different LVADs —
HeartMate 11, HeartMate 111, and HeartWare, the overall
30-day survival rate was 70.4%, annual survival 51.9%
and 5-year survival 38% with no significant difference
in complication rates between these three LVAD models.
Despite the significant advantages of latter pump gene-
rations, the probability of death from pump thrombosis
and subsequent embolic stroke was 24% within 3 months
after implantation [29, 30].

Since the risk of thrombus formation mainly determi-
nes the hemodynamic flow profile in pump cavities, the
available theoretical evidence and previously performed
experimental studies create obvious prerequisites for
considering Tesla-turbine disc pumps (viscous friction
pumps) as circulatory assist devices [31].

In such devices, centrifugal force creates a uniform
hydraulic velocity profile and ensures pumping of a li-
quid medium without pulsations and vibrations with for-
mation of a boundary layer. The boundary layer not only
transfers kinetic energy to the fluid between the discs, but
also acts as a molecular buffer between the disc surface
and blood. An element-free blood plasma layer is formed
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around the surfaces of the rotating discs, minimizing
the contact of blood cells with the disc surface [32, 33].

Despite encouraging results of the first trials of the
new disc pump model showing minimal blood cell injury,
largely due to modification of the a-C:H:SiO, film sur-
face, an understating of the risk of thrombus formation
and the incidence of other complications remain unclear
[34, 35].

CONCLUSION

At present, none of the existing LVAD models can en-
sure complete absence of thromboembolic complications
and hemolysis. Analysis of literature data and recent
experiments on adaptation of implantable materials show
that the problem is still a highly urgent one.

The authors declare no conflict of interest.
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FUNCTIONAL EFFICIENCY OF CELL-ENGINEERED LIVER
CONSTRUCTS BASED ON TISSUE-SPECIFIC MATRIX
(EXPERIMENTAL MODEL OF CHRONIC LIVER FAILURE)
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Objective: to investigate the functional efficiency of a cell-engineered construct (CEC) of the liver based on tissue-
specific matrix consisting of decellularized rat liver fragments, allogeneic liver cells and multipotent mesenchymal
stromal cells (MSCs) isolated from the bone marrow on an experimental model of chronic liver failure (CLF).
Materials and methods. In creating liver CECs, the liver for decellularization and liver cells were obtained from
male Wistar rats. MSCs were isolated from rat bone marrow. The functional efficacy of CEC was investigated
on an experimental CLF model obtained by priming rats with CCl, solution. At different periods after implanta-
tion, the outcomes were assessed based on the biochemical parameters of cytolysis. Morphological changes in
the liver were analyzed by histochemical methods in the control (administration of saline solution into the liver
parenchyma) and experimental (administration of liver CEC into the liver parenchyma) groups. Results. It was
shown that implantation of the proposed CEC normalizes blood biochemical parameters and structural disorders
of the damaged rat liver faster (by day 30 after introduction of CEC instead of day 180 in the control). The CEC
was also shown to have reduced animal mortality from 50 to 0%, which is due to early activation of proliferation
of viable liver cells and faster formation of new blood vessels. These effects are down to either stimulation of
the internal regenerative potential of the damaged liver during CEC implantation or long-term functioning of
the transplanted cells as part of the CEC based on the decellularized liver matrix. Conclusion. The liver CEC,
implanted into the liver parenchyma in laboratory animals with a CLF model, has a functional activity.

Keywords: liver, liver failure, regeneration, cell-engineered constructs, bioartificial organs, matrixes.

INTRODUCTION

Liver transplantation is the gold standard treatment
for end-stage liver disease. However, donor organ shorta-
ge limits the widespread use of this only radical method
for treatment of decompensated cirrhosis. The number
of patients requiring liver transplantation significantly
exceeding the number of emerging organs suitable for
transplantation indicates the need to develop alternative
treatment options, among which the use of regenerative
medicine and tissue engineering methods seems to be
the most promising [1, 2].

Most of the technical approaches in the field of liver
tissue engineering are based on isolation of primary he-
patocytes or obtaining of hepatocyte-like cells from stem
cells and 3D cultivation subsequently [3]. Note that it
is advisable to use mesenchymal stromal cells in the
composition of cell-engineered constructs (CECs) in
the treatment of a number of liver diseases to stimulate
organ regeneration [4]. Biocompatible and bioresorbable
matrices are used to provide the CEC cells with favorable
conditions for their vital activity.

In our opinion, decellularized carriers/scaffolds be-
longing to the class of biomimetics of the extracellular
matrix (ECM) and obtained by removing cells and their
fragments from tissue with maximum preservation of the
structure and composition of natural ECM commands
the greatest interest [5, 6].

Alot of work is devoted to whole organ decellularizati-
on by perfusion with surfactants and enzyme solutions [7].
A similar approach has been described for the heart,
kidney, pancreas, and uterus [8—11]. Note that whole
liver decellularization comes with several disadvantages:
low efficiency in cell detritus removal and difficulty in
penetration of cells, nutrients, and gases into the organ
volume due to microcirculatory disorders. In previous
works, we obtained a tissue-specific matrix from frag-
ments of decellularized rat liver with intact structure and
no cells and cell fragments [12]. The next logical step
is to create liver CECs, consisting of a tissue-specific
matrix, liver cells (LCs), and bone marrow-derived
multipotent mesenchymal stromal cells (BM-MSCs)
with subsequent proof of its functional efficiency in
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an experimental model of chronic liver failure (CLF),
which was the purpose of this work.

MATERIALS AND METHODS

To solve the set tasks, experimental studies were
carried out on 60 male Wistar rats weighing 150-250
grams. The animals were kept in a vivarium at 18-20 °C
temperature on a mixed diet with free access to water.
Experiments on the animals were carried out from 9 to
19 hours at room temperature (t = 22-24 °C). All ma-
nipulations with the rats were carried out in accordance
with the rules adopted by the European Convention for
the Protection of Vertebrate Animals Used for Experi-
mental and Other Scientific Purposes (ETS No. 123)
Strasbourg, 1986).

The experiments were carried out on 60 male Wistar
rats weighing 250 grams. Of these, 10 rats were used as
LC donors and 10 rats as liver donors for decellulariza-
tion. The experiment lasted for 180 days.

Rat liver fragments (n=10) no larger than 2 x 2 x 2 mm
in size were obtained using a scalpel and scissors. Decel-
lularization of rat liver fragments was carried out in three
changes of phosphate-buffered saline (PBS) (138 mM
NaCl, 2.67 mM KCI, 1.47 mM KH,PO,, 8.1 mM
Na,HPO,, pH = 7.4) containing 0.1% sodium dodecyl
sulfate and increasing Triton X-100 concentration: 1%,
2% and 3% [12]. The total decellularization time was
72 hours — 24 hours for each change of surfactants solu-
tion with magnetic stirrer. To obtain microparticles, de-
cellularized liver fragments were placed in the CryoMill
RETSCH cryomill (Retsch GmbH, Germany) and milled
in a mode that included 3 milling cycles for 3 minutes at
25 Hz frequency. The fraction of 100-250 pm particles
was separated using sieves of appropriate sizes.

Washing against surfactants included exposing the
matrix to PBS containing an antibiotic (ampicillin, 20
pg/mL) and an antimycotic (amphotericin B, 2.0 pug/
mL) for 96 hours. The washed samples were sterilized
by y-irradiation at 1.5 Mrad dose.

LCs and BM-MSCs were isolated and cultured in
accordance with the general principles of carrying out
culture studies on 10 male Wistar rats weighing 150 g.

To populate the decellularized liver matrix with cel-
lular components according to a known technique [15],
we used the previously established optimal cell ratio:
LCs:BM-MSCs=5:1[17]. Prior to implantation, LCs
and BM-MSCs were co-cultivated in the same 5 : 1 ratio
for 3 days.

It should be noted that the introduction of BM-MSCs
into the cellular component of CECs is due to their ability
to induce cell proliferation processes, including through
their own transdifferentiation [17].

The functional efficacy of the resulting liver CECs
was evaluated in the CLF model.

CLF was modeled on male Wistar rats weighing 250 g
(n=40) by inoculating rats with CCl, solution according
to our modified scheme [16]. Control of the adequacy
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of the created CLF model was assessed by the level of
mortality and survival of the animals, the state of blood
biochemical parameters, and morphological characte-
ristics of the liver state. At the CLF modeling stage,
9 rats (22.5%) died.

As a result, after CLF modeling, the surviving rats
with the experimental CLF model were divided into
2 groups: control group 1 (16 animals) — saline was in-
jected into the parenchyma of the damaged liver, and
experimental group 2 (15 animals) — liver CECs were
injected into the parenchyma of the damaged liver 7 days
after CCl, injection. Immunosuppression was not used.

The rats from the control and experimental groups
were taken out of the experiment on days 28—30, day 90
and day 180 by intraperitoneal administration of sodi-
um thiopental in a dosage causing respiratory arrest. At
the aforementioned periods, before complete respiratory
arrest, venous blood was taken for biochemical studies.
Liver function (ALT, ASAT, bilirubin, gamma-glutamy]
transpeptidase (GGT), alkaline phosphatase levels) was
studied using clinical chemistry analyser Reflotron™
(Roche, Switzerland) with special Reflotron™ test strips
(measurement accuracy: =0.5%; reproducibility: <0.2%;
linearity: £0.05%).

After complete respiratory arrest, the liver was ex-
planted for morphological studies. We performed biop-
sies of healthy and damaged liver: liver failure without
treatment — control; liver failure with treatment, studies
were carried out in the CECs implantation areas and
outside at days 28-30, day 90, and day 180 of the ex-
periment. Data from light microscopy with staining of
sections (H&E stain, Van Gieson and Mallory stains)
were evaluated. We used a Leica DM 6000 B microscope
and a Leica LTDCH 9435 camera (Germany).

Morphometric analysis was performed using the Ima-
geScopeM software (Systems for Microscopy and Ana-
lysis, Russia) using a Leica DM 1000 microscope and a
Leica LTDCH 9435 DFC 295 camera (Leica Camera AG,
Germany). The presence of cirrhosis was determined
morphometrically (counting the number of false lobules);
specific area of connective tissue (%oratio to the total area
of the liver section) [18, 19].

The viability of LCs in liver CECs was assessed using
immunohistochemical staining with hepatocyte specific
antigens (OCHI1ES).

The results were statistically processed using statisti-
cal analysis software package BioStat. The significance
of differences was assessed by Student’s t-test, with the
Bonferroni correction taken into account.

RESULTS AND DISCUSSION

After inoculation, the clinical condition of the sur-
viving animals was characterized by decreased body
weight, adynamia and partial baldness. After inoculation,
during the entire experiment (180 days), 50% (n = 8)
more rats in the control group died against the back-
ground of CLF at different times. In the experimental



RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS Vol.

XX N2 4-2020

group, the survival rate by the same period was 100%.
In this regard, assessment of functional and morphologi-
cal changes in the liver of the experimental rats after CLF
modeling was studied in 8 and 15 rats in the control and
experimental groups, respectively. Absence of mortality
in the experimental group allowed us to conclude that the
implanted CECs had a positive effect on the survival rate
of the CLF model rats. Fig. 1 shows a macropreparation
of rat liver after the end of inoculation, i.e. day 42 from
the start of CCl, inoculation. The liver was dense and
enlarged. The surface was shallowly, finely grained, with
rounded edges.

Microscopically, within the first month after the end
of inoculation, a typical picture of cirrhotic transforma-
tion of the liver architectonics with progressive disorder
in its structure at later follow-up periods (especially at
days 60 and 90) due to connective tissue proliferation
and emerging fibrosis was revealed (Fig. 2).

After decellularization [12], liver fragments were
washed completely of LCs (Fig. 3), followed by coloni-
zation of the resulting tissue-specific matrix with cellular
components of LCs and BM-MSCs.

The histological data presented in Fig. 4 demonstrate
the presence of adherent hepatocytes on the decellula-
rized matrix of rat liver.

At day 90 and 180 after implantation of CECs, repre-
senting finely dispersed particles of decellularized liver
tissue with LCs and BM-MSCs seeded onitina 5 : 1
ratio, viable and functioning hepatocytes were detected
(Fig. 5).

At day 90, donor liver cells co-cultured with
BM-MSCs formed associates of viable and functionally
active cells within CECs. There were no pronounced
inflammatory reactions and signs of rejection. Similar
data were obtained at day 180 of CECs implantation.

To quantify the changes occurring in the liver struc-
ture of the CLF model rats in both groups, a morpho-

-y )~ |
]

Fig. 1. Rat liver after injection, 42 days

metric study of the state of non-parenchymal structures
(determination of the specific area of connective tissue
and the number of false lobules in the liver) was carried
out at different times for 180 days. It was found that
in group 2, 60-90 days after administration of CECs,
restoration of both parenchyma and non-parenchymal

Fig. 2. Rat liver tissue after CLF modeling (CCl, injection = 42 days). a) 90 days, false lobules. Mallory staining for connecti-
ve tissue. Microscope magnification 100%. b) 180 days, formed false lobules, sclerosis and cirrhosis. Van Gieson’s stain. 100x
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structures occurred. This is confirmed by a dynamic
morphometric study of the decrease in the specific area
of the liver connective tissue and the number of false
lobules in it (Fig. 6).

Liver function was assessed over time by measuring
the serum biochemical parameters. Determination of
the level of cytolysis enzymes (ALT, ASAT, ALP) in
the blood serum of the rats (Fig. 7) made it possible to
establish a sharp increase in the level of these enzymes
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Fig. 4. Hepatocytes adhered to the tissue-specific liver mat-
rix: M — decellularized liver matrix; H — adhered hepatocy-
tes; 2nH — binuclear hepatocytes. H&E stain. 400x

Fig. 5. Histological liver preparations in the CEC transplan-
ted area (LC : MMSC BM = 5 : 1) in the parenchyma of
the damaged liver: viable hepatocytes at 90 (a) and 180 (b)
days. Immunohistochemical study with hepatocyte-specific
antigens (OCH1ES) — positive granular cytoplasmic staining;
¢ — Bile production (green arrow) by transplanted hepatocy-
tes. H&E stain, 400x

during the first 2 weeks of inoculation. After the end of
the inoculation, 7 days later, ALT and AST levels incre-
ased by more than 4.5 and 3 times, respectively, while
ALP levels increased by almost 5 times. 28-30 days
after the end of the inoculation, the levels of cytolysis
enzymes decreased, but continued to remain at a signifi-
cantly (p < 0.05) higher level for a long time (Fig. 7) for
180 days compared with normal values in intact animals.
In the experimental group, cytolytic processes were also
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Fig. 6. Dynamic morphometric assessment of the state of non-parenchymal structures of the rat liver during CLF modeling
and CEC implantation. a — change in the specific area of connective tissue; b — counting the number of false lobules in the
liver: group 1 — control (saline); group 2 — liver CEC. * The difference is significant compared to the level of the indicator in
the rat liver in the control group, p < 0.05
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Fig. 7. Dynamics of normalization of the cytolysis enzymes level (ALT, AST, ALP) in the blood serum of rats after CLF mo-
deling and CEC implantation. Level for healthy rats: ALT up to 40 IU/L; AST — up to 60 IU/L; ALP —up to 350 IU/L. a, b,
e — observation period 28 days; b, d, f — observation period 180 days. * The difference is significant compared to the level of
enzymes in the control (group 1); p <0.05
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observed in the liver parenchymal cells, but which were
significantly less intense than in the control group. The
corresponding indicators reached normal values by 30
days after CECs implantation, while for the control, the
AST, ALT, and ALP levels normalized only at day 180
of the experiment (Fig. 7).

The serum gamma-glutamyl transpeptidase (y-GTP)
and bilirubin levels in the experimental animals remained
within the normal range at all follow-up periods.

The observed effects could be due to stimulation of
the intrinsic regenerative potential of the damaged liver
during CECs implantation, or by the active functioning
of the transplanted cells within CECs based on the de-
cellularized liver matrix.

CONCLUSION

Implantation of the proposed CECs provides a more
rapid normalization of biochemical blood parameters
and structural disorders in the damaged rat liver (at day
30 after introduction of CECs instead of day 180 as was
obtained in the control) and reduced animal mortality
from 50% to 0% due to earlier activation of viable LCs
proliferation processes and faster formation of new blood
vessels.

Thus, the outcomes obtained prove that liver CECs
implanted into the liver parenchyma of laboratory CLF
model animals have a functional activity.

The authors declare no conflict of interest.
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NATURAL SILK FIBER MICROCARRIERS FOR CELL CULTURE

M.M. Bobrova, L.A. Safonova, A.E. Efimov, O.1. Agapova, I.1. Agapov

Shumakov National Medical Research Center of Transplantology and Artificial Organs, Moscow,
Russian Federation

The development of effective and versatile microcarriers is a pressing issue in tissue engineering and regenerative
medicine. The objective of this work is to create biocompatible fiber microparticles from the cocoons of the Bom-
byx mori silkworm, and to study their structure and biological properties. Materials and methods. In obtaining
microparticles, the Bombyx mori cocoons washed from sericin were cryo-milled in liquid nitrogen. The structure
of the resulting microparticles was analyzed via scanning electron microscopy. The cytotoxicity of the obtained
fibers was assessed using MTT-cell culture assay of 3T3 mouse fibroblasts. Cell adhesion analysis was performed
using the Hep-G, human hepatocarcinoma cell line. Cell visualization was performed by staining the nuclei with
DAPI fluorescent dye. Results. Natural silk microparticles were obtained in the form of cylindrical fibers with
200-400 um average length and 15 pm diameter. It was shown that the surface of the resulting microparticles has
a rough relief; no pores were found. The microparticles are non-toxic for 3T3 mouse fibroblasts, they maintain a
high level of adhesion by human hepatocellular carcinoma HepG, cells. Conclusion. The method developed by
us for fabrication of biocompatible silk fibroin microparticles in the form of fibers without using toxic reagents
and significant time costs is promising for cell cultivation and delivery to the damaged area for tissue and organ

regeneration.

Keywords: microcarriers, silk fibroin, fibers.

INTRODUCTION

The traditionally used two-dimensional cell culturing
distorts to some extent cell behavior and its biological
functions in comparison to cells in native tissue [1, 2].
For example, 2D in vitro cultivation of tumor cells show-
ed slower tumor growth and lower drug resistance com-
pared to tumors in vivo, which leads to lower efficiency
of screening and drug testing [3, 4]. Therapeutic use of
cell culture is also ineffective because of the low level of
cell viability and, as a consequence, minimal efficiency
of regeneration of damaged tissue [5—7]. This is mainly
due to the fact that in a 2D in vitro culture, cells are un-
able to recreate effective and multidirectional cell-cell
and cell-extracellular matrix interactions present in the
native microenvironment, which causes changes in cell
morphology and gene expression. To obtain cells with
normal morphology, metabolism, and functions, 3D cul-
turing of cells on different microcarriers is used [8, 9].

In regenerative medicine, microcarriers are widely
used both as a substrate for culturing various cell types
and as a means of cell delivery to the damaged tissue or
organ area [10]. When microcarriers are used as a deli-
very system, cells remain viable for a longer period of
time [11], which allows them to secrete growth factors
and actively participate in the formation of the intercel-
lular matrix, promoting tissue regeneration [12]. Both
natural and synthetic biopolymers are used to obtain

microcarriers of various types and for regeneration of
various tissues [13—16].

One of the promising materials for creating biocom-
patible microcarriers for tissue engineering and rege-
nerative medicine is silk fibroin from the cocoons of
the Bombyx mori silkworm [17]. The structure of silk
fibroin provides unique properties that allow it to be
used as a material for tissue engineering. The main ad-
vantage of silk over other biocompatible materials lies
in its mechanical properties. The advantages of fibroin
as a material used in regenerative medicine include the
fact that fibroin-based constructs are biodegradable and
biocompatible, they can be obtained under mild condi-
tions and their production does not require special che-
mical treatment. Silk fibroin promotes cell adhesion,
proliferation and differentiation, including with regard
to mesenchymal stem cells [18-20]. For instance, silk
fibroin-based microparticles are used for bone tissue [21]
and nervous tissue [22] regeneration, as well as stem cell
delivery [23]. Thus, fibroin has unique properties that
makes it possible to form from it 2D and 3D constructs,
including microcarriers, and widely use it as a biocom-
patible material in various areas of tissue engineering.

In this study, biocompatible microcarriers were deve-
loped from Bombyx mori silkworm cocoons in the form
of fibers, their structure was studied, and the possibility
of their application in tissue engineering was shown.
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MATERIALS AND METHODS
Obtaining microcarriers

Cocoons from mulberry silkworm Bombyx mori, pro-
vided by Bogoslovsky V.V. (Zheleznovodsk, Stavropol
Krai), director of the Republican Research Station for
Silkworm Breeding, were used as a source of silk fibroin
fibers. At the first stage, the cocoons were purified of
sericin according to the following procedure. 1 g of silk
from cocoons was boiled in 500 mL of double-distilled
water water with 1260 mg of soda for 40 min in a water
bath, then washed with 3.6 L of distilled water. Next, it
was boiled in 500 mL of double-distilled water water
for 30 minutes and washed with 3.6 L of distilled water.
The last procedure was repeated 3 times. The purified
silk fibroin was air-dried at room temperature. Then silk
fibroin weighing 80 mg was placed in a 3% aqueous so-
lution of glycerin, incubated for 120 minutes and frozen
in liquid nitrogen, after which the fibroin was crushed for
5 minutes using a mortar and pestle to an average fiber
size of 200400 pum. The resulting fibers were transferred
into 5 mL of 70% ethanol for 30 minutes, and then the
ethanol was changed [24].

Analysis of microcarrier structure
by scanning electron microscopy

The fiber samples under study were fixed in a 2.5%
glutaraldehyde solution in phosphate-buffered saline
with pH = 7.4 for 2 hours in the dark at 4 °C, the samples
were washed of the fixing solution with phosphate-buf-
fered saline (pH = 7.4) 5 times for 5 minutes each. Then
the samples were dehydrated with increasing ethanol
concentrations. Ethanol concentrations used were 10%,
20%, 50%, 70% and 96%, the samples were incubated
for 1 hour in ethanol of each concentration. Samples were
then transferred to acetone for 30 minutes, and then the
acetone was changed.

The samples were dried by critical point transition
(Toco,= 31 °C, Perco, = 72.8 kg/em?)) using a K850 unit
(Quorum Technologies, UK). The dried samples were
coated with a 10 nm thick gold layer in argon atmos-
phere at 20 mA ion current and 1 mbar pressure using
the Q150R ES vacuum sputtering machine (Quorum
Technologies, Great Britain). The obtained samples were
analyzed using a Tescan Vega3 SBU scanning electron
microscope (Tescan, Czech Republic) at 15 kV operating
voltage. Images were obtained and analyzed using the
VegaTC software (Tescan, Czech Republic).

Analysis of microcarrier cytotoxicity

The mouse 3T3 fibroblast cell line was used in the ex-
periments. Cells were cultured in plastic vials in DMEM
low glucose medium containing 10% fetal bovine serum,
0.324 mg/mL glutamine and 10 mg/mL gentamicin at
37 °C, 5% CO,. The culture medium was changed eve-
ry 48 hours. Cell monolayer was disaggregated using
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a trypsin-Versene solution. Cells were counted in the
Goryaev chamber and seeded in a 1 : 3 ratio.

Cytotoxicity of all obtained samples was analyzed in
accordance with the GOST ISO 10993-5-2011 standard
[25] using the MTT test [26] in the mouse 3T3 fibroblast
cell line model.

For this purpose, mouse 3T3 fibroblasts were cultured
in 300 pL of culture medium in a 96-well plate in a ther-
mostat at 37 °C and 5% CO, for 3 days. Then, the culture
medium was changed and 50 pL of fiber suspension was
added to the wells of the plate. The culture plate was used
as a control. The plates were incubated in an incubator
at 37 °C, 5% CO,. Cytotoxicity was assessed on days
3, 5 and 7 of the experiment. For this purpose, 60 pL of
MTT solution with 5 mg/mL concentration was added to
each well of the plate. It was incubated in a thermostat
at 37 °C and 5% CO, for 4 hours until dark blue crystals
of formazan precipitated out. Fibers were then removed
from the wells, and the plate was centrifuged for 5 minu-
tes at 885 g. The supernatant was removed, the formazan
precipitate was dissolved in 300 uL dimethyl sulfoxide
for 20 minutes, and the optical density of the solution
was measured at 540 nm wavelength on a Picon device
(Picon incorporated company, Uniplan, Russia).

Analysis of cell adhesion on microcarriers

Human liver cancer cell line Hep-G2 was used in the
experiments. The cells were incubated in plastic culture
vialsina 1 : 1 mixture in DMEM high glucose medium
and in Ham’s F-12 medium containing 10% fetal bovine
serum, 0.324 mg/mL glutamine and 10 mg/mL gentami-
cin at 37 °C, 5% CO,.

The experiment was performed in a 96-well plate. For
the experiment, a 150 L fiber suspension was transferred
to the wells of the plate. The culture plate was used as a
control. Sterile phosphate-salt buffer solution (pH = 7.4)
was then added to the wells of the plate and incubated
for 15 minutes, after which the phosphate-buffered saline
was changed. This procedure was repeated three times.
Next, 300 uL of incubation medium was added to the
plate wells for 30 minutes.

Cell suspension in the incubation medium was trans-
ferred to 96-well plates at 1000 cells per well. The plates
were incubated in a thermostat at 37 °C and 5% CO,
for 7 days.

Cell adhesion was assessed visually using a Carl Zeiss
Axio Vert.Al microscope (Zeiss, Germany). For this
purpose, samples were stained with DAPI fluorescent
dye, which binds to cell DNA. Before staining, samples
were washed twice of the incubation medium and non-
adherent cells with phosphate-buffered saline (pH = 7.4).
Afterwards, an aqueous dye solution with 3 pg/mL con-
centration was added at a rate of 300 uL. per well and
incubated in the incubation chamber at 37 °C and 5%
CO, for 5 minutes. Samples were then washed twice
with phosphate-buffered saline (pH = 7.4) to remove
unbound dye. The obtained samples were analyzed on a
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Fig. 1. Fabrication of fiber microcarriers. a) Bombyx mori silkworm cocoons; b) sericin-free silk fibroin; c) fiber microcarriers.
Scale bar 100 um

fluorescence microscope using a filter with 360—370 nm
excitation range, and 420—470 nm emission range.

Cell images were obtained using an Axiocam 305
color camera (Carl Zeiss, Germany). The images were
processed using the Zen 2.3 Blue Edition software (Carl
Zeiss, Germany).

Statistical processing of results

The data were processed by analysis of variance. Sta-
tistical significance of the results was assessed using the
Mann—Whitney U test. The statistical significance level
a was taken to be 0.05.

RESULTS AND DISCUSSION

In this study, a suspension of microparticles from
the cocoons of the Bombyx mori silkworm was obtained  Fjg 2. Image of a microcarrier obtained using scanning elec-
using cryogenic grinding (Fig. 1). The microparticles  tron microscopy. Scale bar 100 um
are cylindrical fragments of silkworm cocoon fibers,

200400 um in average length and 15 pm in diameter. ) ] ] ]
This microparticle shape has a high surface area to vo- s (Fig. 2). This method did not reveal any pores in
lume ratio and, therefore, a larger surface area available ~ the microcarrier structure. The surface structure of the
for cell adhesion and for formation of more cell contacts ~ construct is known to influence cell adhesion [28, 29].
compared to spherical particles. Silk fibroin is one of ~ This is because the presence of roughness on the subst-
the promising materials for tissue engineering due to a  rate surface increases the surface area available for cell
unique combination of mechanical properties and a high adhesion. At the same time, there is an optimal level of
level of biocompatibility and can be used in many areas ~ Substrate roughness for each cell culture [30].

of tissue engineering, both as an independent material The resulting microcarriers were tested for cytotoxici-
for creating constructs and as a carrier for cell delivery ~ ty by MTT. During the study, the effect of samples on the
or targeted drug delivery [27]. The advantage of the pro- ~ number of cells cultured on the plate was evaluated. The
posed technology for the manufacture of microcarriers ~ culture plate was used as a control. No cytotoxic effect of
in the form of fibers is to obtain biocompatible carriers ~ the obtained fibers was detected during the experiment;
for cells of controlled size and shape without the use of ~ the number of cells did not differ in the experimental
toxic reagents and significant time costs. The size and  and control samples.

shape of the microcarriers can be regulated by vary- The analysis of cell adhesion on the obtained mi-
ing the cryogenic grinding time and the volume of the ~ crocarriers in the form of fibers was performed visually
washed silk fibroin. Also, the shape of microcarriers in  using a fluorescent microscope; the cells were pre-stai-
the form of fiber allows for easier positioning of the cells  ned with the DAPI fluorescent dye to visualize the nuclei.
during targeted delivery and facilitates cell orientation.  Fibers were positioned in the wells of culture plates; the

The structure of the resulting microcarriers was stu- ~ culture plate was used as a control. The studies were
died by scanning electron microscopy. The surface of the  carried out using human liver cancer cell line Hep-G2.
fibers has micro- and nanorelief in the form of rough- The experimental results are shown in Fig. 3.
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20 pm
—

Fig. 3. Adhesion of Hep-G, cells on the obtained microcarriers. a) optical image, scale bar 200 um; b) fluorescent image,
nuclei of dapi-stained adherent cells are indicated by arrows, scale bar 20 um

Cell morphology was assessed using a light micro-
scope; cells formed filopodia and adhered tightly to the
substrate, while cell adhesion occurring irregularly.
It was found that the obtained microcarriers were bio-
compatible and maintained a high level of cell adhesi-
on, which can be attributed to the optimal level of fiber
roughness and biocompatible properties of silk fibroin
[31, 32]. Thus, the resulting silk fibroin microcarriers in
the form of fibers are biocompatible and can be further
used in regenerative medicine as universal carriers for
cells obtained without the use of toxic reagents and si-
gnificant time costs.

CONCLUSION

As part of the presented work, microparticles were
obtained from the cocoons of the Bombyx mori silkworm
in the form of fibers with 200400 um average length
and 15 pm diameter. It was shown that the surface of
the obtained microparticles has a rough relief; no pores
were detected. The microparticles are non-toxic for the
culture of mouse 3T3 fibroblast cells, they maintain a
high level of cell adhesion of human liver cancer cell
line Hep-G2. The technique developed by us for creating
biocompatible microcarriers from Bombyx mori silk-
worm cocoons in the form of fibers is promising for cell
culture and cell delivery to the damaged area for tissue
and organ regeneration.

The authors declare no conflict of interest.
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BIODEGRADABLE MATERIALS BASED ON NATURAL SILK
FABRIC AS PROMISING SCAFFOLDS FOR TISSUE ENGINEERING

AND REGENERATIVE MEDICINE
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Objective: to develop a method for obtaining scaffolds based on natural silk fabric and to study their biocom-
patibility in vitro. Materials and methods. To obtain biodegradable scaffolds based on natural silk fabric, we
propose treating natural silk fabric with a water-ethanol solution of calcium chloride. Differences in the structure
of the resulting scaffolds were identified via scanning electron microscopy. Conclusion. The resulting scaffolds
are non-toxic to cells and support cell adhesion and proliferation. Our studies make it possible to consider the
resulting biodegradable scaffolds as promising constructs for tissue engineering and regenerative medicine.

Keywords: silk, natural silk fabric, biodegradable scaffolds, biodegradation rate.

INTRODUCTION

Development of biodegradable constructs (scaffolds)
for regeneration of damaged organs and tissues is one
of the most important and urgent problems in tissue en-
gineering and regenerative medicine. Such constructs
should be biocompatible, have high mechanical proper-
ties for surgical manipulations, and their biodegradation
rate should be the same with the rate of regeneration of
damaged tissue.

One of the most promising natural polymers for crea-
ting such constructs is silk fibroin produced by the Bom-
byx mori silkworm. Various groups of researchers have
shown the successful application of silk fibroin-based
constructs in many areas of tissue engineering, such as
cultivation of cells of various species, regeneration of
bone and cartilage tissue, regeneration of the skin, cor-
nea, nervous tissue, etc [1-4].

The source of silk fibroin can be both silkworm co-
coons and commercial products made from natural silk —
sutures and woven materials. The use of suture and wo-
ven materials does not require multistage silk processing
and production of regenerated silk fibroin solutions. This
can be an advantage for solving a number of problems in
tissue engineering and regenerative medicine.

The unique combination of high mechanical charac-
teristics (such as strength and elasticity) with biocom-
patibility makes silk fibroin very suitable for reinforcing
structures based on brittle and fragile materials with
higher biological activity.

Silk fibroin-based constructs are positioned in tissue
engineering and regenerative medicine as biodegradable.
However, in some cases, the degradation period of these
constructs can reach 1 year [5]. Many factors, such as the

secondary structure of the polymer, polymer processing
technology during production of the structure, source of
silk, etc., can influence the value of the biodegradation
rate of the resulting construct. The structure of silk fibro-
in provides the ability to control the rate of degradation
of silk fibroin-based constructs, which can significantly
expand the scope of application of silk fibroin in tissue
engineering and regenerative medicine [6—8]. Therefore,
development of methods for monitoring and regulating
the degradation rate of silk fibroin-based constructs to
increase the efficiency and expand the scope of their
application is an urgent task.

One of the strategies for working in this direction is to
use free chemical groups present in the structure of silk
fibroin molecule. These groups can be linked by various
crosslinking agents, such as glutaraldehyde and 1-Ethyl-
3-(3-dimethylaminopropyl)carbodiimide (EDC) [9, 10].
By adjusting the silk fibroin crosslinking degree, the
degradation rate of the resulting material can be changed.
However, crosslinking agents can reduce the biocom-
patibility of a scaffold due to its toxicity. Moreover, the
use of amino acid sequences does not in all cases have
a significant effect on the rate of its biodegradation. At
the same time, both methods can only reduce the degra-
dation rate of silk fibroin-based constructs. However,
in tissue engineering and regenerative medicine, rapid
biodegradation of the material is often required for more
efficient cell proliferation.

Another strategy is to create silk fibroin-based com-
posite materials. Silk fibroin solutions are mixed with
solutions of synthetic and natural materials used in tissue
engineering and regenerative medicine, such as alginates,
hyaluronic acid, gelatin, collagen, chitosan, polylactides,
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polycaprolactone, etc. [11-16]. This makes it possible
to create composite materials and composite constructs,
whose degradation rate depends on the quantitative ratio
of various substances that make up the construct. In this
case, it becomes possible to both increase and decrea-
se the biodegradation rate of the construct. However,
introduction of composite additives is accompanied by
a change in the structure of the construct and its mecha-
nical properties, which limits the scope of application of
such constructs in tissue engineering [17]. In addition,
the degradation of some substances (for example, polyl-
actides) introduced into the construct is accompanied by
formation of products that cannot be incorporated into
cell metabolism and create unfavorable conditions for
their proliferation, which reduces the biocompatibility
of the constructs [18].

We have previously proposed a method for regulating
the biodegradation rate of natural silk tissues to obtain
natural silk biodegradable scaffolds [19]. Within the
framework of this study, various approaches to the use
of natural silk fabrics for production of biodegradable
scaffolds are shown, their structure and biocompatibility
in vitro are studied.

MATERIALS AND METHODS
Obtaining biodegradable scaffolds

Natural silk fabrics were used to obtain biodegradable
scaffolds. In this study, two types of fabrics of different
densities were used: gas-chiffon (15 g/m* density) and
double-sided satin (155 g/m’ density). Fabric samples for
research were obtained according to the method previ-
ously described by the authors [19].

The fabrics were preliminarily washed from impuri-
ties according to the following procedure. Fabric flaps
were boiled in a water bath in a sodium bicarbonate
solution prepared at 500 mL of double-distilled water,
1260 mg of sodium bicarbonate per 1 g of tissue for 40
minutes, then washed with 3.6 L of distilled water. Then
it was boiled in 500 mL of double-distilled water for 30
minutes and washed with 3.6 L of distilled water. The last
procedure was repeated 3 times. The fabric flaps were
dried in air at room temperature. The obtained flaps were
cutinto 5 cm x 5 cm fragments. Group 1 and 4 samples
were obtained in this manner (Table).

Next, the fabric fragments were processed according
to the following procedure. At the first stage, the fabrics
were incubated in a water-alcohol solution of calcium
chloride containing 389 mg of CaCl,, 388 uL of C,H,OH,
and 544 pL of H,O per 1 mL of solution for 45 minutes
at 37 °C temperature. Then 16 washes were carried out
with double-distilled water, 30 minutes each, and air-
dried at room temperature. Group 2 and 5 samples were
obtained in this manner (Table).

The fabric fragments were then incubated in type
A gelatin solution with 20 mg/mL concentration for
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1 hour and air-dried on the surface of polished Teflon at
room temperature. The dried fabric fragments, treated
with gelatin solution, were additionally put in a solution
containing 30 mM EDC, 8 mM N-hydroxysuccinimide
(NHS), 50 mM sodium dihydrogen phosphate, and 100
mM sodium chloride (pH = 6) for 2 hours at room tem-
perature. Then 16 washes were carried out with double-
distilled water, 30 minutes each, and air-dried at room
temperature. Group 3 and 6 samples were obtained in
this manner (Table).

Analysis of the surface structure
of biodegradable scaffolds by scanning
electron microscopy (SEM)

Samples of 8§ mm x 8 mm biodegradable scaffolds
were fixed with 2.5% glutaraldehyde solution in phos-
phate-buffered saline with pH = 7.4 for 2 hours in the
dark at 4 °C, after which the samples were washed five
times from the fixing solution with phosphate-buffered
saline with pH = 7.4 for 10 minutes. Then the samples
were dehydrated with increasing ethanol concentrations.
Ethanol concentrations of 10%, 20%, 50%, 70% and
96% were used, incubating the samples for 1 hour in
ethanol of each concentration. Samples were then trans-
ferred to acetone for 30 minutes, and then the acetone
was changed.

The prepared samples were dried by critical point
transition (T,co, = 31 °C, peco, = 72.8 kg/cm?) using
a K850 unit (Quorum Technologies, UK). The dried sam-
ples were coated with a 10 nm thick gold layer in argon
atmosphere at 20 mA ion current and 1 mbar pressure
using the Q150R ES vacuum sputtering machine (Quo-
rum Technologies, Great Britain). The obtained samp-
les were analyzed using a Tescan Vega3 SBU scanning
electron microscope (Tescan, Czech Republic) at 15 kV
operating voltage. Images were obtained and analyzed
using the VegaTC software (Tescan, Czech Republic).

Analysis of cytotoxicity of the obtained
constructs

Mouse 3T3 fibroblast cell line was used in the expe-
riments. Cells were cultured in plastic vials in DMEM
low glucose medium containing 10% fetal bovine serum,
0.324 mg/mL glutamine and 10 mg/mL gentamicin at
37 °C, 5% CQO,. The culture medium was changed eve-
ry 48 hours. Cell monolayer was disaggregated using
a trypsin-Versene solution. Cells were counted in the
Goryaev chamber and seeded in a 1 : 3 ratio.

Cytotoxicity of all obtained samples was analyzed in
accordance with the GOST ISO 10993-5-2011 standard
“Medical devices. Assessment of the biological effect
of medical devices. Part 5. Cytotoxicity studies: in vitro
methods” using the MTT test [20] in the mouse 3T3
fibroblast cell line model.
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For this purpose, mouse 3T3 fibroblasts were cultu-
red in 300 pL of culture medium in a 96-well plate in
a thermostat at 37 °C and 5% CO, for 3 days. Samples
of 3 mm X 3 mm biodegradable scaffolds were sterilized
in an MLS-3020U autoclave (Sanyo, Japan) at 121 °C
for 15 minutes. Before the test, the culture medium was
changed, and sterile samples of biodegradable scaffolds
were introduced into the plate wells. The culture pla-
te was used as a control. The plates were incubated in
a thermostat at 37 °C, 5% CO,. Cytotoxicity was assessed
on days 3, 5 and 7 of the experiment. For this purpose,
60 pL of MTT solution with 5 mg/mL concentration
was added to each well of the plate. It was incubated in
a thermostat at 37 °C and 5% CO, for 4 hours until dark
blue crystals of formazan precipitated out. The biode-
gradable scaffold samples were then removed from the
wells, and the plate was centrifuged for 5 minutes at 885
g. The supernatant was removed, the formazan precipi-
tate was dissolved in 300 pL of dimethyl sulfoxide for
20 minutes, and the optical density of the solution was
measured at 540 nm wavelength.

Analysis of cell adhesion and proliferative
activity on the obtained constructs

Human liver cancer cell line Hep-G2 was used in the
experiments. The cells were cultured in plastic vials in
a 1 : 1 mixture in DMEM high glucose medium and in
Ham’s F-12 medium containing 10% fetal bovine serum,
0.324 mg/mL glutamine and 10 mg/mL gentamicin at
37 °C, 5% CO,. The culture medium was changed every
48 hours. Cell monolayer was disaggregated using a
trypsin-Versene solution. Cells were counted in a Gory-
aev chamber and seeded in a 1 : 3 ratio.

Samples of 4 mm x 4 mm biodegradable scaffolds
were sterilized in an MLS-3020U autoclave (Sanyo, Ja-
pan) at 121 °C for 15 minutes. Sterile 4 mm X 4 mm

biodegradable scaffold samples were positioned in the
wells of sterile 96-well culture plates. The culture plate
was used as a control. Sterile phosphate-salt buffer so-
lution was added to the wells of the plate and incubated
for 15 minutes, after which the phosphate-buffered saline
was changed. This procedure was repeated three times.
Next, 300 pL of incubation medium was added to the
plate wells for 30 minutes.

Cell suspension in the incubation medium was trans-
ferred to 96-well plates at 1000 cells per well in 300 pL.
of the incubation medium. The plates were incubated in
a thermostat at 37 °C and 5% CO,.

Cell adhesion was assessed visually using a Carl
Zeiss Axio Vert.Al microscope (Zeiss, Germany). Cell
proliferative activity was assessed on days 3, 5 and 7 of
the experiment using MTT [20]. To this end, 50 uL of
a 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) solution with a 200 pg/mL concentrati-
on was added to each well of the plate. The plates were
incubated in a thermostat at 37 °C and 5% CO, for 4
hours until dark blue formazan crystals precipitated, and
then centrifuged for 5 minutes at 885 g. The supernatant
was removed, the formazan precipitate was dissolved in
dimethyl sulfoxide at 300 puL of dimethyl sulfoxide per
well. The optical density of the solution was measured
at 540 nm wavelength.

Statistical data processing

The statistical significance of the results was assessed
using the Mann—Whitney U test. The statistical signifi-
cance level a was taken to be 0.05.

RESULTS

In this study, 6 groups of scaffold samples were ob-
tained on the basis of two varieties of natural silk fabrics
with different densities (Fig. 1). The composition of the
samples of each group is described in Table.

Table

Samples of natural silk fabric-reinforced scaffolds obtained during the study

Group | Natural silk fabric used as the base for Natural silk fabric processing method
scaffold
1 Gas-chiffon (density 15 g/m?) 1) Washing the fabric of impurities

2 | Gas-chiffon (density 15 g/m?)

1) Washing the fabric of impurities
2) Treatment with a water-ethanol solution of calcium chloride

3 | Gas-chiffon (density 15 g/m?)

1) Washing the fabric of impurities

2) Treatment with a water-ethanol solution of calcium chloride

3) Treatment with gelatin solution, covalent crosslinking with
an EDC/NHS solution

4 Double-sided satin (density 155 g/m?) 1)

Washing the fabric of impurities

5  |Double-sided satin (density 155 g/m?)

1) Washing the fabric of impurities
2) Treatment with a water-ethanol solution of calcium chloride

6 Double-sided satin (density 155 g/m?)

1) Washing the fabric of impurities

2) Treatment with a water-ethanol solution of calcium chloride

3) Treatment with gelatin solution, covalent crosslinking with
an EDC/NHS solution
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Fig. 1. Samples of natural silk fabric-reinforced scaffolds obtained during the study: a) Group 1, b) Group 2, c¢) Group 3,
d) Group 4, e) Group 5, f) Group 6

The structure of the resulting scaffolds was studied
by SEM (Fig. 2, 3). According to SEM data, samples of
scaffolds based on textiles with a lower density (groups
1-3) were characterized by regular arrangement of fabric
fibers (Fig. 2). Group 1 and 2 scaffolds were a mesh with
an approximate mesh size of 300 um % 300 um, consis-
ting of a single layer of fabric fibers with 100—150 pm
average thickness. According to SEM data, no differen-
ces in surface microstructure were found between the
samples of groups 1 and 2 (Fig. 2a, 2b).

Group 3 scaffolds were fiber-reinforced gelatin films.
In this case, the gelatin in the scaffold composition even-
ly covers the fabric fibers, which leads to alignment of
the microrelief of the fibers of the fabric.

Samples of scaffolds based on natural silk fabric
with a higher density (groups 4-6) were characterized
by dense arrangement of fabric fibers with 150-200 pm
thickness. Group 5 scaffolds had a more pronounced sur-
face microrelief compared to group 4 scaffolds. Gelatin
forms a uniform coating on the surface of group 3 scaf-
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folds, which, as in the case of textile-based scaffolds with
a lower density, led to alignment of textile microrelief.

The samples of all the resulting scaffolds were then
examined for cytotoxicity (Fig. 4a, 5a), which revealed
that the obtained samples had no toxic effect on cells,
which made it possible to conduct further studies on the
biocompatibility of the resulting scaffolds.

Cell adhesion on the obtained scaffolds was assessed
on day 1 of the experiment. Cell adhesion was detected
on all scaffold samples; the morphology of adhered cells
on different samples did not differ.

The proliferative activity of cells on the obtained scaf-
folds was assessed on days 3, 5 and 7 of the experiment
(Fig. 4b, 5D).

The proliferative activity of cells on scaffold samp-
les based on textiles with a lower density (groups 1-3,
Fig. 4b) steadily increased during the experiment. At the
same time, there were no differences in the proliferative
activity of cells in the samples of the different groups.
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Fig. 2. Images of scaffold samples based on natural silk fabric with 15 g/m? density (gas-chiffon): a) Group 1, b) Group 2,

¢) Group 3. 50 pm

Fig. 3. Images of scaffold samples based on natural silk fabric with 155 g/m* density (double-sided satin): a) Group 4,
b) Group 5, ¢) Group 6. 200 pm

Similar results were obtained for samples of scaffolds
based on tissue with a higher density. However, from
days 5 to 7 of the experiment, the proliferative activity
of cells on the scaffold samples did not change and re-
mained at a high level.

DISCUSSION

Six groups of natural silk fabric-reinforced scaffold
samples were obtained for the study (Fig. 1). We develo-
ped a technique for regulating the rate of biodegradation
of'silk fabric-reinforced scaffold. The technique involves
treating the natural silk fabric with an aqueous-alcoholic
solution of calcium chloride [19]. In this study, the fa-
brics were treated with the solution for 45 minutes at
37 °C. Treatment with an aqueous-alcoholic solution of
calcium chloride in a water bath is used by various sci-
entific groups as one of the stages of obtaining an aque-
ous solution of silk fibroin for transition of silk fibroin
molecules to an a-conformation state, which promotes
protein dissolution [13, 21, 22]. It is also known that the
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rate of degradation of silk fibroin-reinforced constructs
depends on conformation of protein molecules within the
constructs. It was shown that the degradation rate of silk
fibroin-based constructs increases when the proportion
of molecules in the a-helix state increases [23]. Thus, the
development considered in the study is based on imple-
mentation of the phase transition of silk fibroin without
its dissolution due to the mild conditions in which the
treatment is carried out.

Changes in the surface microstructure of the obtained
scaffold samples as a result of treatment were shown by
SEM. The study revealed an increase in the roughness
of a scaffold based on a denser fabric after treatment.
A similar effect after treatment of lower-density fabric
was not detected by this method; so, it is necessary to
study the structure of these samples with high resolution
to reveal the features of micro- and nanostructure using
methods that provide higher resolution, for example,
scanning probe nanotomography [24].
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Fig. 4. Results of biocompatibility studies of scaffold samples based on natural silk fabric with 15 g/m’ density (gas-chiffon,
Groups 1-3): a) cytotoxicity, b) proliferative activity of Hep-G2 cells. Standard deviation values are shown for 5 independent

measurements

The protocol of treatment with an aqueous-alcoholic
solution of calcium chloride used in this study does not
lead to fabric destruction and significant changes in its
organoleptic properties. This allows for further manipu-
lations with the treated fabric.

In this study, samples of biodegradable natural silk
fabric-based scaffolds were treated with a gelatin type
A solution. Gelatin type A is widely used in the field of
cell technologies and tissue engineering to improve the
biocompatible properties of constructs made of other po-
lymers, as well as to ensure hemocompatibility [25, 26].
Treatment of biodegradable natural silk fabric-reinforced
scaffolds with gelatin illustrates several possible ways
of using such a construct.

Today, a wide range of naturally occurring polymers
such as chitosan, alginate, gelatin, collagen, etc. are used
for various tasks of tissue engineering and regenerative
medicine. The main drawback is that they have low me-
chanical characteristics, such as strength and elasticity,
which leads to fragility of the constructs obtained on their
basis [27]. The use of natural silk fabrics as a reinforcing
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component of such constructs can provide the necessary
mechanical characteristics and expand the scope of these
polymers. Thus, a fabric with a lower density within the
framework of this study can be considered as a reinfor-
cing component of a gelatin film.

Another promising area of application of natural silk
fabrics is their use as carriers for targeted drug delivery
for gradual drug release. Thus, it is possible to obtain
a scaffold with a predetermined degradation period, con-
taining various bioactive substances or drugs that will be
released from the scaffold as it degrades and provides
effective organ and tissue regeneration.

Samples of the obtained biodegradable scaffolds do
not exhibit a cytotoxic effect and are biocompatible,
maintaining a high level of cell proliferative activity.
The experiments did not reveal any differences in cell
proliferative activity between the scaffolds of different
groups. This is due to the fact that gelatin reduces the
roughness of the scaffold surface, thereby hindering cell
adhesion, which affects proliferative activity. At the same
time, gelatin dissolution in the scaffold does not occur
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due to treatment with crosslinking agents — EDC and
NHS, which reduce the rate of degradation of the gelatin
coating.

Thus, the approach to the use of natural silk fabrics
used in the study makes it possible to obtain biocompa-
tible silk fabric-reinforced scaffolds. The use of natural
silk fabrics is a promising technological solution for
obtaining biocompatible biodegradable scaffolds and
their use in various fields of tissue engineering and re-
generative medicine.

CONCLUSION

The developed technique facilitates production of
silk fibroin-based scaffolds. The scaffolds obtained are
biocompatible, which opens up the possibility of them
being used in various fields of tissue engineering and
regenerative medicine. The structure of the obtained
scaffolds, as well as the dynamics of degradation in vitro
and in vivo, require further detailed analysis.

The authors declare no conflict of interest.
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INVESTIGATION OF THE MICRO- AND NANO-STRUCTURE
OF LIVER CELLS CULTURED ON BIODEGRADABLE SILK
FIBROIN-BASED SCAFFOLDS USING SCANNING PROBE OPTICAL

NANOTOMOGRAPHY
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Objective: to analyze the 3D micro- and nano-structure and quantitative morphological parameters of liver cells
cultured on biodegradable silk fibroin-based film scaffolds. Materials and methods. Samples of biodegradable
silk fibroin-based scaffolds with cultured Wistar rat liver cells were obtained for the study. The 3D structure of
liver cells cultivated on the scaffolds was studied by scanning probe optical nanotomography using an experi-
mental setup combining an ultramicrotome and a scanning probe microscope in correlation with fluorescence
microscopy. Results. Nanoscale images and 3D nanotomographic reconstructions of rat liver cells cultured on
scaffold were obtained. The morphological parameters of liver cells (average roughness, specific effective area)
were determined. The average surface roughness of the liver cells R, was found to be 124.8 + 8.2 nm, while the
effective surface area ¢ was 1.13 £ 0.02. Analysis of the volume distribution of lipid droplets showed that they
occupy 28% of the cell volume. Conclusion. Scanning probe optical nanotomography can successfully analyze
the nanostructure and quantify the nanomorphology of liver cells cultured on biodegradable scaffolds.

Keywords: liver cells, biodegradable scaffolds, silk fibroin, scanning probe microscopy, fluorescence

microscopy, nanotomography.

INTRODUCTION

One of the tasks in modern transplantation include
the search for new materials for creating scaffolds with
improved adhesive properties for the development of
constructs for tissue engineering and regenerative me-
dicine. When solving these problems, it is necessary to
use new technological approaches to analyze the mic-
ro- and nanostructural features of constructs and cells in
them, as well as the parameters of interaction between
the cells and the surface of the constructs at the micro-
and nanolevel.

A combination of various microscopy techniques
(electron microscopy, scanning probe microscopy,
high-resolution optical micro-spectroscopy) makes it
possible to carry out correlative studies of micro- and
nanostructures with high resolution [1]. The information
obtained during the analysis using various microscopic
technologies makes it possible to comprehensively cha-
racterize the structure of biological objects and obtain
new knowledge about their properties [2].

One of the most in-demand areas in this field is the
development of methods and approaches for analyzing
the three-dimensional micro- and nanostructure of bio-
materials, biological objects, and tissue-engineered con-

structs, which would provide correlative information
about both nanomorphology and the biological structure
of the objects under study.

The unique technique of scanning probe optical nano-
tomography (SPONT) allows combining the functional
capabilities of a scanning probe microscope (SPM) and
an ultramicrotome in one device in correlation with op-
tical fluorescence microscopy methods [3, 4]. SPONT
makes it possible to study the 3D nanostructure of bio-
materials, cells, tissues, and tissue-engineered constructs,
in correlation with the study of fluorescent marker lo-
calization in the volume of measured samples. Analysis
of the obtained 3D reconstructions of the structure of
biological objects and materials allows one to quantita-
tively determine such important parameters of their na-
nomorphology as micro- and nanoporosity [5], effective
surface area and surface roughness [6], and the surface
area to volume ratio [7].

Silk fibroin-based biodegradable film scaffolds with
cultured rat liver cells were chosen as objects of this
study.

Silk fibroin, derived from Bombyx mori cocoons, is
one of the promising materials for tissue engineering.
This biopolymer not only meets all the requirements for
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materials in regenerative medicine, but also has a number
of advantages over other materials. Its biocompatibili-
ty, optimal mechanical properties, and biodegradability
provide possible application in many areas of regene-
rative medicine, both as an independent material and
as a component of various composites based on it [8].
All these properties make it possible to obtain from it
two-dimensional and three-dimensional constructs for
various purposes [9—-11].

At present, many materials that can be effectively
used to make scaffolds for culturing liver cells are being
considered. There are known materials, whose coatings
support hepatocyte adhesion, but formation of constructs
from them is associated with difficulties. Such materials
include, for example, chitosan, gelatin, collagen, etc. Silk
fibroin has attracted the attention of researchers since it
supports hepatocyte adhesion and proliferation, and also
has suitable mechanical properties [12]. Fibroin can also
be used in composite materials. For example, 3D porous
scaffolds made of fibroin and chitosan that are mixed
in different ratios support adhesion and proliferation of
human hepatocellular carcinoma in vitro, and adhesion
capacity of cells on scaffolds is much higher than on
a control substrate [ 13]. Scaffolds of similar composition,
made using electrospinning, were also used for culturing
mouse hepatocytes [12].

In this work, the micro- and nanostructure of rat liver
cells adhered to biodegradable silk fibroin-based film
scaffolds were studied. A similar study for these cell
types using SPONT has been performed for the first time.

MATERIALS AND METHODS

Production of film scaffolds for cells based
on silkworm fibroin Bombyx mori

Fibroin for manufacturing film scaffolds for cells
was isolated from silk filaments of the Bombyx mori
silkworm. For this purpose, 1 g of silk filaments was
weighed, and the filaments were cut into 0.5 cm frag-
ments. The filaments were boiled in a water bath for
40 minutes in a solution with the addition of sodium
bicarbonate to clean the filaments of sericin and other
impurities. Then the filaments were washed with 3600
mL of distilled water. The filaments were boiled 3 times
for 30 minutes each in double-distilled water, rinsing
after each boiling with distilled water. After that, they
were dried in a desiccator.

To obtain an aqueous fibroin solution, a sample of
fibroin weighing 130 mg/ml was added to a solution
prepared at the rate of 389 mg CaCl,, 388 ul C,H,OH,
and 544 pl H,O per 1 ml of solution. The solution was
heated in a water bath at 40 °C for 4 hours. Then the
solution was dialyzed against double-distilled water.
The optical density of the silk fibroin solution in the solu-

92

tion obtained after dialysis was measured spectrophoto-
metrically at 280 nm wavelength, then the concentration
was calculated using the formula D = ECL, where E is
the extinction coefficient of silk fibroin equal to 1.07.

Next, an aqueous silk fibroin solution obtained
by the technique described above was applied to the
bottom of a Petri dish and dried at room temperature.
The dried silk fibroin was dissolved in formic acid at
20 mg/mL by heating to 40 °C in a water bath for 30 mi-
nutes. The resulting solution was centrifuged for 5 mi-
nutes at 12,100 g.

Samples of biodegradable scaffolds in the form of
silk fibroin films were obtained by irrigation. To make
the films, 150 pL of a solution of a given compositi-
on was applied to the bottom wells of a 48-well cul-
ture plate and dried for two days at room temperature.
The total protein concentration in the film was
20 mg/mL. After the fibroin solution had dried, 100 uL.
of 10 pg/mL fibronectin solution was applied to the wells
of the plate and dried for two days at room temperature.

Before cell culturing, film scaffolds were sterilized:
treated with 70% ethanol for 30 minutes, then irradiated
with ultraviolet light for 30 minutes. After that, a sterile
phosphate-salt buffer solution was introduced into the
wells of the plate and incubated for 15 minutes, after
which the phosphate-buffered saline was changed. This
procedure was repeated three times. Then, 300 pL of
incubation medium was added to the wells of the plate
for 30 minutes.

Preparation of Wistar rat liver cell samples
cultured on silk fibroin scaffolds for scanning
probe optical nanotomography

Rat liver cells were isolated as follows. In the experi-
ment, 1 year old male Wistar rats (weighing 250-350 g)
were used. The rat was put to sleep using diethyl ether
inhalation anesthesia. Then, the rat was placed belly-up
on the operating table and the paws were straightened.
Using tweezers, pulling aside the skin on the abdomen,
a longitudinal skin incision was made with scissors in
the midline of the abdominal side of the body from the
genital opening to the sternum. The skin was turned away
and secured. Then the abdominal cavity was opened,
making a longitudinal incision along the midline; the
muscle flaps were turned aside. The liver was harvested
by cutting off the vena cava, portal vein, hepatic arteries,
and veins. After sampling, the liver was placed in a sterile
0.9% sodium chloride solution and washed of blood.
Next, the liver fragment was transferred into a second
portion of sterile 0.9% sodium chloride solution and the
liver was cut into 5x5 mm fragments using scissors. Then
each liver fragment was washed with 0.9% sodium chlo-
ride solution using a syringe without a needle. After wa-
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shing off blood, the liver fragment was transferred into
a sterile dry Petri dish and injected with a collagena-
se type 2 solution with a 2 mg/mL concentration using
an insulin syringe. Then the tissue was incubated for
20 minutes. Next, the liver was chopped with scissors
and incubated for another 5 minutes, then transferred to
ice. After that, 5 mL of 0.9% sodium chloride solution
was added to the liver tissue. The resulting solution was
transferred to a test tube, stirred, and centrifuged for
5 minutes at 1770 g and —5 °C. The supernatant was
removed, the culture medium was added to the resulting
precipitate, stirred and the cell suspension was transfer-
red into previously prepared 48-well plates. The cells
were incubated in a thermostat at 37 °C and 5% CO,
for 2 days. Liver cells for further experiments using the
SPONT method were visually localized using an optical
microscope.

To examine cells on scaffolds by fluorescence SPONT,
cells were pre-stained with fluorescent dyes FITC and
DAPI. The wells were washed twice with sterile 0.9%
sodium chloride solution, then a DAPI solution with
3 pg/mL concentration was added and incubated for 5
minutes at 37 °C. Two short washes were then performed
with a sterile 0.9% sodium chloride solution, after which
a 2.5% glutaraldehyde solution in phosphate-buffered
saline (pH = 7.4) was added to the wells and incubated
for 2 hours in the dark at +4 °C. Next, one short wash
with a sterile 0.9% sodium chloride solution and one
short wash with a carbonate-bicarbonate buffer solution
(pH = 9.0) were performed. Then an FITC solution in
dimethyl sulfoxide with a 1 mg/mL concentration was
added to the wells and incubated for 40 minutes in the
dark, followed by two short washes with a carbonate-
bicarbonate buffer solution (pH = 9.0).

To prepare a preparation for SPONT, dehydration of
scaffold samples with cultured liver cells was performed
by conducting through alcohols with increasing concen-
tration according to the following scheme:

a) 30% ethanol solution — 10 min;
b) 50% ethanol solution — 10 min;
¢) 70% ethanol solution — 10 min;
d) 80% ethanol solution — 10 min;
e) 96% ethanol solution — 10 min.

The samples were washed three times with 100%
ethyl alcohol for 10 minutes each, and then incubated
in a mixture of 100% ethyl alcohol and epoxy resin in
a1 : 1 ratio for 30 minutes, after which the samples
were transferred into a mixture of 100% ethyl alcohol
and epoxy resin in a ratio of 1 : 2 and incubated for 30
minutes. Then the samples were embedded in epoxy
resin, incubated in a thermostat at 45 °C for 12 hours,
after which the incubation was continued for 72 hours at
60 °C. The scaffolds in epoxy resin were then separated
from the bottom of the plates using a scalpel.
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To embed the samples, we used an epoxy medium
(Epoxy Embedding Medium) mixed with an equal
weight of the embedding medium hardener (dodece-
nyl succinic anhydride DDSA) and 4% by weight of
2,4,6-Tris(dimethylaminomethyl)phenol (DMP-30).

Scanning probe optical nanotomography

An experimental unit Ntegra Tomo was used to stu-
dy samples of rat liver cells by scanning probe nanoto-
mography techniques. This unit allows for sequential
SPM measurements of sample surface immediately after
cutting into slices with an ultramicrotome. Consecutive
100 nm thick slices were made using a Diatome Ultra
AFM 35 diamond knife (Diatome AG, Switzerland) with
2.0 mm cutting edge width.

SPM measurements were carried out in a semi-con-
tact mode at 1.0 Hz scanning speed using NSG10 silicon
cantilever probes (NT-MDT, Moscow) with 240 kHz
resonance frequency and <10 nm tip curvature radius.
Primary image processing was carried out using the
Nova ImageAnalysis 1.0.26.1443 software (NT-MDT,
Moscow); 3D tomographic reconstructions of the liver
cell structure were obtained using the ImagePro Plus 6.0
software (Media Cybernetics, Inc, USA).

Correlative measurements of slices using optical flu-
orescence microscopy were performed using an Axio-
Vert.A1 fluorescence inverted microscope (Carl Zeiss,
Germany) equipped with an HBO 100 mercury lamp.
Fluorescence images were obtained using oil-immersion
lens Carl Zeiss EC Plan-Neofluar 100x/1.30 Oil Ph3.
The Zen software package (Carl Zeiss, Germany) was
used to analyze fluorescence images.

Analysis of surfaces reconstructed by the SPONT
method using ImagePro Plus 6.0 software (Media Cy-
bernetics, Inc, USA) makes it possible to determine and
analyze the nanoscale parameters of these surfaces, such
as average roughness Ra and effective surface area o.
The algorithms used for calculating these parameters
are given in [6].

RESULTS AND DISCUSSION

Prepared samples of rat liver cells cultured on silk
fibroin scaffolds were examined using SPONT techno-
logy. After separation of the scaffold samples embedded
in epoxy medium from the plates, the cultured liver cells
were localized in the scaffold plane using fluorescence
microscopy. Based on analysis of the obtained images,
scaffolds were selected for further SPONT analysis, then
primary cutting of the sample into slices were performed
with an ultramicrotome in a plane perpendicular to the
scaffold plane. The distance from the plane of the prima-
ry slice to the liver cells being registered was measured
using fluorescence microscopy. In accordance with the
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measurements taken, subsequent slices of the scaffold
with a controlled total thickness were made in order
to obtain liver cell slices. Fig. 1 shows a fluorescence
image of a sample of a silk fibroin-based film with liver
cells adhered to it. The line marks the slice plane, the
arrow indicates the cell localization area where SPONT
analysis was performed.

Fig. 2 shows images obtained during analysis of liver
cells adhered to silk fibroin-based film scaffolds. SPM
analysis (Fig. 2a) revealed the presence of a nucleus, as
well as inclusions in the form of a lipid droplet occupying
a significant volume of the cell. Such inclusions are one
of the characteristic features of liver cells. The findings
were confirmed by correlative fluorescence images.
The DAPI dye distribution confirms the presence of a
nucleus in the cell (Fig. 2¢); no dye fluorescence was
observed in the lipid droplet area (Fig. 2b, ¢).

Further analysis of the structure of rat liver cells ad-
hered to silk fibroin-based film scaffolds revealed the
presence of a large number of inclusions. Analysis of
the images presented in Fig. 3 revealed inclusions in the
form of lipid droplets in the structure of liver cells, in the
area of which no fluorescence was registered (Fig. 3b),
and shaped granules, presumably glycogen (indicated
by arrows in Fig. 3b).

Analysis of the structure of rat liver cells adhered
to silk fibroin-based film scaffolds with high resolution
revealed extensive areas of cytoplasm with a hetero-
geneous structure (Fig. 4), which may indicate a high

Fig. 1. Fluorescence image of a silk fibroin film sample with
liver cells adhered to it; FITC stain, magnification 200%, 50
um scale bar

level of cell metabolism due to developed endoplasmic
reticulum system.

To assess the 3D morphology of a liver cell adhe-
red to the surface of a silk fibroin-based film scaffold, a
3D reconstruction of the cell fragment was performed
using SPONT. For this purpose, 14 successive 200 nm
thick slices of the sample were made, and 14 successive
SPM images of the scaffold area measuring 32x16 um

Fig. 2. Analysis of liver cell samples cultured on silk fibroin-based film scaffolds. a) SPM image of the surface topography of
a cross-section of the silk fibroin-based film scaffold with adhered liver cell: scan size 25%12 um, height variation range
11 nm, scale bar 3 pm. b) correlative fluorescence image of a cross-section of the silk fibroin-based film scaffolds with adhered
liver cell, FITC stain, magnification 1000x%, the arrow indicates a lipid droplet. ¢) correlative fluorescence image of a cross-
section of the silk fibroin-based film scaffold with adhered liver cell, DAPI stain, magnification 1000x
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Fig. 3. Analysis of liver cell samples cultured on silk fibroin-based film scaffold. a) SPM image of the surface topography of
a cross-section of the silk fibroin-based film scaffold with adhered liver cell: scan size 32x15 um, height variation range
40 nm, scale bar 4 pm; b) correlative fluorescence image of a cross-section of the silk fibroin-based film scaffold with adhered
liver cell, FITC stain, magnification 1000%, arrows indicate glycogen granules

Fig. 4. SPM image of the topography of a cross-section of
the silk fibroin-based film scaffold with adhered liver cell:

scan size 7.0x6.0 um, height variation range 20 nm, scale
bar I pm
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in size were obtained. The resulting visualization of the
3D structure of the liver cell is shown in Fig. 5.

Analysis of the obtained 3D data made it possible to
determine morphological parameters of the reconstructed
3D structure of the liver cell. So, the average cell surface
roughness Ra is 124.8 + 8.2 nm, while the effective sur-
face area o, calculated as the ratio of surface area to the
area of its 2D projection onto the plane, is 1.13 + 0.02.
This dimensionless parameter determines the degree of
surface development. Analysis of volumetric distribution
of lipid droplets showed that they occupy 28% of the
volume of the reconstructed cell fragment.

The technique developed by us for studying the na-
noscale structures of rat liver cells that are adhered to
biodegradable scaffolds using SPONT is applicable for
studying the features of the 3D structure of cells of dif-
ferent types in micro- and nanoscale.

CONCLUSION

In this work, the nanoscale structures of rat liver
cells adhered to the silk fibroin-based biodegradable
film scaffolds were studied using the SPONT method.
Three-dimensional reconstructions of a rat liver cell and
its correlative fluorescence images were obtained; the
parameters of three-dimensional cell nanomorphology
were determined. The results obtained demonstrated that
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Fig. 5. SPONT 3D-reconstruction of the liver cell adhered to
the silk fibroin-based film scaffold, 32.0x15.0x2.8 um, slice
thickness 200 nm, scale bar 5 pm

the developed method of fluorescence scanning probe
optical nanotomography can be effectively used for cor-
relation analysis of the structure of biodegradable silk
fibroin-reinforced scaffolds with cells cultured on them.

The authors declare no conflict of interest.
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CHARACTERISTICS OF MECHANISMS OF THE DISTANT
STIMULATING EFFECT OF SKIN FLAP AUTOGRAFT

ON MICROVASCULAR PERFUSION IN LOCAL AND SYSTEMIC
MICROCIRCULATION DISORDERS

A.N. Ivanov, D.D. Lagutina, T.V. Stepanova
Saratov State Medical University, Saratov, Russian Federation

Objective: to study the characteristics of mechanisms of the distant stimulating effect of full-thickness skin
autograft (FTSG) on microvascular perfusion in local and systemic microcirculation disorders. Materials and
methods. The experiment was carried out on 87 white male rats, divided into 5 groups: 1) control; 2) animals with
local microcirculation disorders induced by sciatic nerve transection and neuroraphy; 3) animals with systemic
microcirculation disorders caused by alloxan-induced diabetes; 4) animals that underwent FTSG after sciatic
nerve transection and neurography; 5) animals that underwent FTSG in alloxan-induced diabetes. Laser Doppler
flowmetry (LDF) was used to study microcirculation of the dorsal skin of the rear paw. Serum concentrations of
vasoactive substances, including catecholamines (CA), histamine, and vasculoendothelial growth factor (VEGF)
in the experimental animals were measured. A morphological study of the tissues of the autograft site was carried
out on day 42 of the experiment. Results. On day 42 of the experiment, FTSG normalized perfusion in local and
systemic microcirculation disorders. FTSG decreases CA level in nerve injury, and to a greater extent in alloxan-
induced diabetes. Serum histamine increase under FTSG was more pronounced in rats with nerve injury. Serum
VEGEF in rats with nerve injury and FTSG increased, which was not observed in alloxan-induced diabetes. Histo-
logical assay of the autograft site revealed degenerative changes in the epidermis and dermis of the autotransplant
in both experimental models of microcirculatory disorders. Eosinophilic infiltration of the autograft site was
more pronounced in nerve injury than in alloxan-induced diabetes. Conclusion. FTSG has a distant stimulating
effect on microcirculation, which manifests itself in the same degree in both local and systemic microcirculation
disorders. The distant stimulating effect of FTSG on microcirculation is multicomponent in nature and includes
a set of regulatory reactions, whose severity differs in local and systemic microcirculatory disorders.

Keywords: autograft, microcirculation, regeneration, skin flap.

INTRODUCTION

The physiological basis for maintaining homeostasis
in tissues and organs of living organisms is transcapillary
metabolism in the microcirculatory bloodstream, while
the normal functioning of microcirculation is associa-
ted with the metabolic activity of cells [1]. In addition,
microcirculatory disorders are the main link in the pa-
thogenesis of various pathological processes. They also
play an important role in sanogenesis, providing trophic
support for reparative processes [2]. Systemic and local

a complex of interconnected sequential local and general
reactions of the body, which proceed with involvement
of many regulatory systems with different levels of or-
ganization [6]. However, it should be noted that different
body cells and tissues have different regenerative poten-
tial and intensity of production of bioactive substances
stimulating reparative processes. So, some researchers
have demonstrated the acceleration of regenerative pro-
cesses under the influence of placenta-based drugs [7, 8].
Despite the effectiveness of allotissues, including tissues

metabolic disorders affect the state of the microcirculato-
ry bloodstream, which leads to an even greater aggrava-
tion of dysmetabolism in organs and tissues [3, 4]. Under
normal and disease conditions, the body’s own cells and
tissues are able to influence the state of microcirculation
through synthesis and release of bioactive substances
that regulate microcirculation at the local and systemic
levels [5].

The current level of scientific knowledge determines
the process of regeneration of body tissues and organs as

of the fetoplacental complex, in regenerative medici-
ne, they are associated with the risk of infectious and
immune complications. Therefore, a more promising
method for stimulating regenerative processes is the use
of autogenous tissue, particularly skin. It has been shown
that the subcutaneous adipose tissue is rich in bioactive
substances providing a high regenerative potential [9].
It was experimentally shown that autotransplantation
of adipose tissue stimulates microcirculation, and also
positively influences systemic changes in metabolic
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processes [10, 11]. In addition, skin cell populations
include leukocyte cells that produce various bioactive
substances [12].

It has been previously demonstrated that autologous
transplantation of a full-thickness skin autograft (FTSG)
into the interscapular region has a distant stimulating
effect on microcirculation in the dorsal skin of the rear
paw in intact white rats, in animals with sciatic nerve in-
jury, and also under conditions of experimental alloxan-
induced diabetes [13, 14]. It has been shown that FTSG’s
mechanism of action is multicomponent in nature and
includes a complex of changes in the histology of the
autotransplantation zone, concentrations of vasoactive
substances in the blood, and mechanisms of microcir-
culatory modulation [13, 14]. At the same time, previ-
ous studies did not take into account the dependence of
FTSG’s biostimulating effect on prevalence of microcir-
culatory bloodstream lesions. For instance, differences
in the degree of the effect in local and systemic vascular
bed lesions were not established, which is critically im-
portant for determining the limitations of this method
in systemic microcirculatory disorders. Besides, there
are currently no data on the influence of the etiology of
vascular lesions on this effect, which may contribute to
identifying additional restrictions for practical applica-
tion of the method, since in some cases, changes in me-
tabolic processes that cause microcirculation dysfunction
can quantitatively and qualitatively change the nature of
regulatory reactions in FTSG, including modulation of
inflammatory response, vasomotor activity, and others.
As indicated above, the mechanism of the distant sti-
mulating effect of FTSG is complex and includes many
regulatory reactions, whose interactions and hierarchy
remain unclear. For instance, available data is not enough
to unequivocally determine which regulatory reactions
have a trigger value and which are secondary. It is not
clear which of them are universal, and which are strictly
specific for a certain method of modeling microcirculato-
ry disorders. In this regard, it is of scientific and practical
importance to identify the dependence of the complex of
regulatory reactions during biostimulation by the body’s
own tissues on the nature and extent of damage to the
microcirculatory system, which determined the direction
of this study, the purpose of which was to study the fea-
tures of FTSG’s distant stimulating effect on perfusion
of the skin microcirculation system in local and systemic
microcirculatory disorders.

MATERIALS AND METHODS

The studies were performed on 87 white nonlinear
rats. The experiment was carried out in accordance with
the recommendations of the Ethics Committee of the
Razumovsky Saratov State Medical University (Proto-
col No. 1 dated February 5th, 2019). All manipulations
were carried out under general anesthesia by intramus-
cular injection of xylazine (Interchemie, Netherlands) at
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1 mg/kg dose and zoletil (VirbacSanteAnimale, France)
at 0.1 mL/kg dose. In the course of the experiment,
5 groups of animals were formed: 1) control, which in-
cluded 10 intact rats; 2) comparative group, consisting
of 27 rats with local microcirculatory disorders caused
by sciatic nerve transection and neurorrhaphy; 3) com-
parative group of 20 rats with systemic microcirculatory
disorders caused by alloxan-induced diabetes mellitus;
4) experimental group, which included 20 rats that re-
ceived FTSG in the interscapular region simultaneously
with sciatic nerve neurorrhaphy; 5) experimental group,
consisting of 10 rats, which received FTSG on day 21
after alloxan injection.

As a model of local microcirculation dysfunction,
denervation hypersensitivity, which occurs and develops
during transection and delayed sciatic nerve neurorrha-
phy and is accompanied by microvascular vasospasm
and microcirculation deterioration, was used [15]. Scia-
tic nerve transection was performed at the level of the
middle third of the thigh. Neurorrhaphy was performed
21 days after nerve transection by applying epineural
suturing using atraumatic needles and 7/0 USP suture
material.

Systemic microcirculation disorders were modeled
by development of alloxan-induced diabetes in animals,
which has a direct B-cytotoxic effect on the pancreatic
islet and causes absolute insulin deficiency that is cha-
racteristic of type 1 diabetes [16]. Alloxan (100 mg/kg
of animal weight) was injected subcutaneously once.
Development of diabetes mellitus was verified by a stati-
stically significant (p < 0.05) increase in glycated hemo-
globin levels by 1.7 times to 9.3% (6.9; 12.1) compared
to the intact animals.

FTSG in the experimental groups was performed on
day 21 from the beginning of the experiment (sciatic ner-
ve transection or alloxan administration, respectively).
A full-layer skin flap, 0.1% of the animal’s body surface
area, was excised in the interscapular region, and treated
alternately in 3% hydrogen peroxide, 70% ethyl alcohol
and 0.9% saline solution. In the wound formed during the
excision of the flap, a subcutaneous pocket was formed
where the processed autograft was placed. The operating
wound was tightly sutured [17].

Microcirculation in the dorsal skin of the posterior
paw using LAKK-OP (NPP “Lazma”, Russia) on day 42
of the experiment in the comparative and experimen-
tal groups. LDF-grams of intact animals were used as
a control. Microcirculation state was assessed by the
value of perfusion index in perfusion units.

Blood was collected from animals on day 42 of the
experiment by puncture of the right heart sections using
VACUETTE blood tubes (Greiner Bio-One, Austria)
with a coagulation activator and a separating polyester
gel to obtain serum, as well as with 3.2% sodium citrate
for obtaining plasma and making smears.
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The serum catecholamine (CA) level as the main va-
soconstrictor substances was determined by microscopy
using p-Vizo 101 microvisor (LOMO, Russia) of smears
stained with silver nitrate and eosin by Mardar and Kla-
dienko cytochemical method (1986) with preliminary
exposure in a potassium dichromate solution to obtain
adrenochromes adsorbed on red blood cell. Serum CA
levels were expressed in arbitrary units, defined as the
amount of silver-impregnated adrenochrome granules
adsorbed on 100 red blood cells of a smear.

Blood concentrations of vasodilator substances, in-
cluding histamine and vascular endothelial growth fac-
tor (VEGF), were determined by enzyme immunoassay
using semi-automated readers StatFax4200 (Awareness
Technology, USA) and Epoch (BioTekInstruments,
USA), as well as VEGF Rat reagents (RnDSystems,
USA) and Histamine-ELISA (IBL International, Ger-
many).

The animals were withdrawn from the experiment by
an overdose of anesthesia drugs immediately after blood
sampling. The tissues of the FTSG zone were harvested
and fixed in 10% formalin for histology. Skin samples
from intact animals were used as controls. Sum-thick
histological sections were stained with Mayer’s hema-
toxylin (OOO Biovitrum, Russia) and eosin (Biovitrum,
Russia). Microscopy of the FTSG zone preparations was
performed using the Axiolmager Z2 system (CarlZeiss,
Germany). Quantitative calculation of cell populations
of the autograft dermis was performed at a magnification
of 40x objective lens.

Statistical processing was done using the Statistica
10.0 software package. Most of the data obtained did not
conform to the law of normal distribution. So, they are
presented as median and interquartile range. The groups

were compared using the Mann—Whitney U test and the
certainty index of the difference p, whose critical level
was taken to be 0.05.

RESULTS

A study of microcirculation of the dorsal skin of the
rear paw in the group of animals that underwent transec-
tion and deferred sciatic nerve neurorrhaphy showed
a significant decrease in the perfusion index relative to
the control values on day 42 of the experiment. The ani-
mals that underwent FTSG simultaneously with neuror-
rhaphy showed an improved microcirculation state on
day 42 of the experiment, as evidenced by the significant
increase in perfusion index by 44% compared to its value
in animals in the corresponding comparison group. The
perfusion index in this group did not differ from the
values observed in the control group (Fig.).

It was shown that animals with experimental diabetes
by day 42 after alloxan injection showed a statistically
significant decrease in perfusion of the dorsal skin of
the rear paw compared to the control group, indicating
a reduction in microcirculation. In animals that under-
went FTSG against the background of alloxan-induced
diabetes, a statistically significant increase (by 43%) in
this indicator was observed on day 42 of the experiment
relative to the group of animals with impaired carbohyd-
rate metabolism, indicating improved microcirculation.
For the two experimental groups, it was found that the
level of perfusion was statistically higher in animals that
underwent FTSG against the background of systemic
microcirculatory disorders (Fig.).

In studying the role of changes in the sympathetic
regulation of vascular tone in realization of the distant
stimulating effect of FTSG, it was found that in rats
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Fig. Changes in the perfusion index of the dorsal skin of the rear paw with FTSG autotransplantation in sciatic nerve injury
and alloxan-induced diabetes. Statistically significant differences (p < 0.05) are indicated by: a star (relative to the control),
a triangle (relative to the corresponding comparison group), and a square (comparison of the experimental groups between

each other)
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that underwent neurorrhaphy, there was a statistically
significant increase in blood catecholamine levels on
day 42 after surgery relative to the control. In this group,
we found that FTSG reduced catecholamine levels by
about 1.5 times as compared to the group of animals
that did not receive FTSG against the background of
neurorrhaphy (Table 1).

At the same time, animals with systemic microcircu-
latory disorders induced by alloxan-induced diabetes also
showed a significant increase in serum catecholamine
levels by day 42. FTSG in rats with alloxan-induced
diabetes almost halved the serum catecholamine levels
relative to the corresponding comparison group. Con-
sequently, FTSG limits the activity of the sympathetic
nervous system more pronounced in systemic microcir-
culatory disorders occurring against the background of
impaired carbohydrate metabolism (Table 1).

The study of serum histamine levels revealed that
transection and neurorrhaphy does not cause significant
changes in histamine concentrations relative to the con-
trol. At the same time, in the experimental group, which
underwent FTSG, plasma histamine levels on day 42 of
the experiment exceeded both the control values and the
values of the corresponding comparison group. It was
found that FTSG, performed against the background of
impaired carbohydrate metabolism, increases the blood
histamine levels on day 42 of the experiment, which
exceeds both the control values and the values of the
comparison group by an average of 2.5 times (Table 1).
This being said, blood histamine levels in animals that
underwent FTSG against the background of alloxan-
induced diabetes were significantly lower than in rats
with FTSG against the background of sciatic nerve injury
and neurorrhaphy.

It was found that FTSG, performed simultaneously
with neurorrhaphy of the injured sciatic nerve, increases

serum VEGF concentrations on day 42 of the experi-
ment, which exceeds the control values by 1.8 times
(Table 1). Alloxan was found to cause a significant in-
crease in plasma VEGF levels in rats. Moreover, the
FTSG animals also had increased VEGF levels relative
to the control values, which did not differ significantly
from that in the rats of the corresponding comparison
group (Table 1).

Microscopy of tissue preparations from the autograft
area revealed skin flap thinning accompanied by epi-
dermis degradation. At the same time, there is a change
in the composition of the cellular populations of the
autograft dermis, manifested by increased number of
fibroblasts, lymphocytes and macrophages. A distincti-
ve feature of preparations in this group is the increased
number of eosinophils, averaging up to 6 cells in the
field of view (Table 2).

Morphological analysis of the preparations in animals
with alloxan-induced diabetes revealed that by day 42 of
the experiment, the autograft had thinned. The epidermis
was absent in 20% of rats in this group. The thickness
of the hypodermis was sharply reduced in all animals.
Full-blooded arterial and venous vessels were observed
in the dermis and hypodermis. Degenerating hair follicles
were present in the dermis. The dermis of the autograft
contained a large number of fibroblasts and was mode-
rately infiltrated with leukocytes. Leukocyte infiltration
was dominated by lymphocytes and macrophage cells.
Animals with impaired carbohydrate metabolism had
single eosinophils in the autograft dermis, but they were
significantly less in number than in rats with sciatic nerve
injury (Table 2).

DISCUSSION

The mechanism of local microcirculatory disorders
in sciatic nerve injury is due to, on one hand, denerva-

Table 1

Changes in serum concentrations of vasoactive substances after FTSG autotransplantation in rats with
sciatic nerve injury and alloxan-induced diabetes

Group Control Comparison group | Experimental group | Comparison group | Experimental group
Indicator (neurorrhaphy) | (neurorrhaphy + FTSG) (diabetes) (diabetes + FTSG)
30 (26; 33)
Serum . 65 (60; 70) . — Ao
catecholamine | 22 (16;25) | 19303 110) p, =0.000176 36 (49; 60) P, =0.001236
levels. units p; =0.000161 ~0.021572 p; = 0.000001 p, =0.000001
: P = U p, = 0.000003
. 2.8(2.2;3.2)
Histamine, 1706 2.0 | 1340L19:2.0) O ey 1.1(0.6;2.2) P, =0.025348
mg/L A p, = 0.885234 Pi ~0.001764 p, = 0.732678 p,=0.021828
P = U p, = 0.023271
83.3 (78.9; 86.3)
16.97 (9.96; 28.5) ’

. 8.6 (4.65;9.96) _ ; 85.2 (79.6; 97.5) p, =0.001033
VEGF, pg/mL | 9.4(7.3;:15.7) |0~ 522082 B ass01 p. = 0.000453 p, = 0.286423
P = U p, = 0.001033

Note. p, — significance of differences relative to the control group; p, — significance of differences relative to the comparison
group; p, — significance of differences when the two experimental groups are compared to each other.
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Table 2

Dynamics of cell populations of the autograft dermis in sciatic nerve injury and alloxan-induced diabetes

Group Control Comparison group Experimental group
Indicator (neurorrhaphy + FTSG) (alloxan-induced diabetes + FTSG)
_ 119 (97; 165)
Fibroblasts 42 (27: 52) A eanes) p, = 0.000028
Pr=y. p, = 0.394742
. 27 (21; 44)
Fibrocytes 18 (13;23) e p, = 0.034962
Pr=1 p,=0.183147
. 0(0; 1)
Neutrophils 0(0: 0) 2 . p, =0.291698
Pr=1 p, = 0.044686
) 1(0;2)
Eosinophils 0(0; 0) :3(520,0%)016 p, =0.010519
P = p, = 0.000292
. 20 (14;27)
Lymphocytes 0(0;2) 13 (550’01)%)3 4 p, =0.000017
Pr=4. p,=0.077135
- 2(0;3)
Monocytes / histiocytes / 1(1;3 ¢
macrop}lllages g 0(0;0) P = é.OO 1)393 p, =0.047679
p, =0.394742

Note. p, — significance of differences relative to the control; p, — significance of differences relative to the comparison group.

tion hypersensitivity of the pre-capillary vessels of the
microcirculatory bloodstream, characterized by incre-
ased expression of alpha-1 adrenergic receptors on the
membrane of smooth muscle cells and their sensitivity
to catecholamines [15]. On the other hand, traumatic
injury to the nerve trunk is accompanied by activation
of the sympathetic nervous system and, as evidenced by
obtained data, by increased serum CA levels. Together,
these two factors lead to increased tone of smooth mu-
scle cells of the precapillary vessels and vasoconstric-
tion of small arteries and arterioles, which is manifested
by decreased perfusion of the dorsal skin of the rear
paw of the operated limb. Recent studies indicate that
alloxan administration in mice is also accompanied by
increased expression of alpha-1 adrenergic receptors
in the smooth muscle cells of the skin vessels during
2—4 weeks of development of alloxan-induced diabetes.
Using laser speckle contrast imaging, it was shown that
in these animals, norepinephrine reduces arterial and
venous blood flow in the dorsal skin without subsequent
recovery, which reflects a persistent vasospastic response
caused by vascular hypersensitivity to catecholamines
[18]. Results obtained in the course of this study indicate
that the level of circulating catecholamines increases in
alloxan-induced diabetic rats. Elevated blood catechol-
amine levels in alloxan-induced diabetes may be associ-
ated with the effect of hyperglycemia on the activity of
enzymes providing synthesis and degradation of these
biogenic amines. Thus, under experimental conditions,
it was shown that hyperglycemia in diabetic mice in-
creases the expression of tyrosine hydroxylase in renal
mesangial cells, accompanied by increased consumption
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of tetrahydrobiopterin and increased production of ca-
techolamines. Moreover, there was reduced activity of
monoamine oxidase, which prevented the destruction
of catecholamines [19]. Consequently, in diabetes and
in nerve injury, microcirculatory disorders are caused,
on one hand, by increased levels of circulating catecho-
lamines, and, on the other hand, by increased expressi-
on of alpha-1 adrenergic receptors on the membrane of
smooth muscle cells, causing development of vascular
hypersensitivity to the action of circulating catecholami-
nes. That is, the observed microcirculatory disorders in
rats with traumatic sciatic nerve injury and animals with
alloxan-induced diabetes are not only similar, but also
have homologous developmental mechanisms. However,
in the case of nerve injury, microcirculatory disorders are
predominantly local, while in alloxan-induced diabetes,
they are systemic.

FTSG in the interscapular region against the back-
ground of both nerve injury and alloxan-induced dia-
betes has a distant stimulating effect on the microcir-
culation of the dorsal skin of the rear paw in white rats.
The perfusion index of the foot skin surface in experi-
mental animals of the experimental groups increased on
average by 43—44% relative to the corresponding com-
parison groups, indicating the same degree of severity of
the distant stimulating effect of FTSG both in local and
in systemic microcirculatory disorders. Earlier studies in-
dicate that realization of the distant stimulating effect of
FTSG on microcirculation in intact rats, under conditions
of sciatic nerve injury and in carbohydrate metabolism
disorders, is associated with decreased neurogenic vas-
cular tone [14, 17]. The dynamics of serum catechola-
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mine levels presented in this work is consistent with the
previously obtained data and indicates that FTSG in the
interscapular region, against the background of local and
systemic microcirculatory disorders, limits the activity
of the sympathoadrenal system. Limitation of the influ-
ence of the sympathetic system on the microcirculatory
bloodstream vessels under the influence of autologous
transplantation may explain the maintenance of adequate
perfusion in the distal limb in rats of the experimental
groups. The mechanism of limiting the activity of the
sympathoadrenal system under FTSG influence may be
due to the detected degenerative changes in the skin flap,
which may be accompanied by formation of peptide
fragments acting as cytomedines. As peptide regulators,
cytomedines can exert distant effects, including on the
nervous system [20]. A similar mechanism for limiting
the effects of the sympathetic nervous system on the va-
scular bed has been described for peptide drug SEMAX,
whose action was characterized by decreased expression
of alpha-adrenergic receptors under experimental condi-
tions in white rats [21]. The data obtained in the course
of this work indicate that limitation of the influence of
the sympathetic nervous system on microcirculation in
FTSG is more pronounced in systemic microcirculatory
disorders caused by absolute insulin deficiency.

It was noted earlier that FTSG performed against the
background of sciatic nerve neurorrhaphy has an effect
not only on the blood levels of circulating catechola-
mines, but also on the levels of other biogenic amines,
including those with vasodilatory activity. For instance,
it increases plasma histamine levels [13]. The results
of this work demonstrate that FTSG exerts a similar
effect on plasma histamine levels after alloxan injection.
Meanwhile, the average value of the histamine levels in
the group of animals that received FTSG after alloxan
administration was 12% lower than the values in the
experimental group that underwent autotransplantation
against the background of sciatic nerve injury.

One of the possible mechanisms for realization of
the distant stimulating effect of FTSG on microcircu-
lation under normal carbohydrate metabolism with im-
paired innervation of the limb is the ability to prolong
the production of growth factors, particularly VEGF and
neurotrophin 3 [13, 22]. The sources of growth factors
can be fibroblasts [23] and leukocyte infiltration cells
of the autograft. For example, eosinophils [24], mast
cells [25], and macrophages [26] secrete VEGF, which
stimulates angiogenesis, causing vascular dilatation and
an increase in their permeability. However, this study
found that FTSG does not implement this mechanism of
action in conditions of alloxan-induced diabetes in rats.
The blood levels of this factor in the experimental group
significantly exceeds the control values, but does not
differ from the comparative group of rats with alloxan-
induced diabetes. In systemic microcirculatory disorders
caused by experimental diabetes, high plasma VEGF

levels are associated with systemic endothelial alteration
by hyperglycemia, which is a compensatory mechanism
for vascular wall repair [27]. In this regard, the initially
high level of VEGF in rats with alloxan-induced diabetes
is likely to block its production by autograft cells through
a negative feedback mechanism.

The above described biochemical mechanisms of
realization of the distant stimulating effect of FTSG
on microcirculation are closely interrelated with histo-
morphological restructuring of the autograft. Histomor-
phological changes in the autograft are stereotypic and
include degradation of the epidermis, thinning of the
dermis and hypodermis, and mild leukocyte infiltration.
Minor differences between the experimental groups lie
in the number of eosinophils in the composition of cell
populations of the autograft dermis. Their presence in
autograft tissues is associated with the release of hista-
mine by mast cells, which is involved in distant vasodi-
lating effect [28]. In animals, against the background of
impaired carbohydrate metabolism, there was a lower
number of eosinophils in the autograft region compared
to animals with neurorrhaphy. These histological exa-
mination results are consistent with biochemical data
reflecting a less pronounced increase in plasma histamine
levels under FTSG influence in animals with alloxan-
induced diabetes. The authors in [29] have shown that
alloxan in rats significantly reduces the content of mast
cells in the skin. Given the less pronounced increase in
plasma histamine levels in FTSG under carbohydrate
metabolism disorders, the small number of eosinophils
in the autograft composition in rats with alloxan-induced
diabetes is probably due to decreased intensity of mast
cell degranulation.

CONCLUSION

FTSG has a distant stimulating effect on microcircu-
lation, which manifests itself to the same extent under
conditions of both local and systemic microcirculatory
disorders, and does not have an obvious dependence
on the etiological factor inducing them. The data obtai-
ned from comparative analysis of FTSG effects on two
models of vascular alteration in white rats indicate that
local structural and functional changes in the autograft
are stereotypic. Therefore, they can be considered trigge-
ring, while biochemical changes in the concentrations of
regulatory substances have an unequal degree of severity
depending on the etiology and prevalence of microcircu-
latory disorders. Differences in the blood levels of bioac-
tive substances allow to isolate universal and variable
responses in the complex of FTSG regulatory mecha-
nisms. Universal reactions include changes in the balance
of biogenic amines in the blood, in particular, changes
in the blood levels of catecholamines and histamine. It
should also be noted that correction of vasoconstrictor
activity using FTSG is more pronounced in systemic
microcirculatory disorders induced by alloxan-induced
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diabetes. In contrast, realization of the FTSG effect on
production of vasodilator substances, in particular hista-
mine, is more pronounced in local microcirculatory dis-
orders in the denervated limb. Variable responses depend
on the etiology of simulated microcirculatory disorders;
in particular, changes in the production of growth factors,
including VEGF, are specific for the microcirculatory
effects of FTSG in limb denervation.

Thus, the relationship between structural and func-
tional tissue changes in the field of autotransplantation
and microcirculation regulation factors circulating in
systemic blood flow determine a compensatory change
in the balance of regulatory mechanisms, which provides
a stable implementation of the distant stimulating effect
of FTSG on microcirculation, regardless of the preva-
lence and etiology of its injury.

The authors declare no conflict of interest.
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There are many different surgical techniques for bone reconstruction. However, biological reconstruction methods
are being increasingly developed. The main purpose is not only to fill up defects, but to stimulate the processes
of reconstruction and regeneration of bone as a complete organ. In this report, we describe the basic principles of
orthobiology and the essential orthobiological materials. A clinical case is presented where a combination of allo-
geneic osteoplastic materials with autologous platelet-rich plasma is used to reconstruct a cavity defect in the tibia.

Keywords: orthobiology, bone regeneration, bone defect, bone graft, allogeneic bone graft material, bone

marrow aspirate, platelet-rich plasma.

INTRODUCTION

Orthobiology is a conceptual concept, which includes
a group of biological materials and substrates promoting
bone regeneration. Such include bone grafts, osteoplastic
materials, growth factors, regulatory protein, and cellular
biomedical products [1, 2]. The role of orthobiology in
bone healing lies in osteoconduction, osteoinduction and
osteogenesis, which are part of the “diamond concept”
proposed by Giannoudis et al. [3], where the authors
identified four basic conditions for successful bone
healing: potent osteogenic cell populations, osteocon-
ductive matrix scaffolds, osteoinductive stimulus, and
mechanical stability.

Bone transplantation

Bone transplantation in the classical concept is pos-
sible only if the bone tissue is preserved in its native
form and is applicable only for two types of materials —
autologous bone and allograft. Autografts have three
functional properties (osteoconductivity, osteoinduction
and osteogenicity) and demonstrate the highest ability
for osseointegration and remodeling; therefore, they are
rightfully considered the ‘gold standard’ for bone graf-
ting. However, their use is limited because they can be
used in a small volume and there is a need to form an
additional access for collection of donor fragments [4].
Spongy bone autografts are the most commonly used
type of materials because they contain a small number of
osteoblasts and osteocytes, with a high content of living
multipotent mesenchymal stromal cells (MSCs) and they
create an osteogenic potential for neoosteogenesis from

the graft. Moreover, proteins contained in the autograft
allow maintaining the natural osteoinductive potential
[2]. In the early post-autograft period, at the stage of
hematoma and inflammation, the contained MSCs allow
quick formation of granulation tissue; necrotic tissues are
removed by macrophages, and graft neovascularization
occurs [3].

Allogeneic bone materials

Unlike autografts, allografts are immunogenic and
exhibit rejection reactions, which are caused by antigens
of the major histocompatibility complex (MHC) [5]. The
initial osseointegration phase is accompanied by severe
inflammation due to immune response, causing necrosis
of osteoprogenitor cells [6]. The necessary conditions for
the use of allografts should be considered a decrease in
immunogenicity and the conduct of donor/recipient com-
patibility studies, by analogy with organ transplantation
[7]. Another problem is the risk of infection transmission,
which has been resolved in most countries in the world
thanks to the widespread development of a network of
tissue banks and advanced processing technologies [4].
Due to immune response, purified decellularized and
delipidized bone grafting materials (DDBGM) are very
popular in clinical practice [8]. Purification of bone tissue
of bone marrow cells and lipids and then of mineral-
collagen matrix significantly reduces the degree of in-
flammatory response during DDBGM implantation, but
does not prevent it. According to various literary sources,
the probability of an immune response after implanta-
tion of such materials is about 10% [9]. Demineralized
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bone matrix (DBM) is a highly purified, allogeneic bone
derivative, a material devoid (by more than 40%) of the
mineral component, while preserving collagenous and
non-collagenous inducer proteins [10] that determine
osteoinductivity. Having plasticity and high degree of
biodegradation, the process of osseointegration and re-
modeling of the implanted DBM is more intensive than
with non-demineralized bone materials [4].

The clinical outcome of a reconstructive-restorative
surgery depends on the patient’s health status, the tis-
sues surrounding the recipient bed, and the quality and
functional characteristics of the implanted materials. To
improve the functional properties of bone grafting mate-
rials, they are used in combination with autologous bone
marrow aspirate and/or autologous platelet-rich plasma
[2, 11, 12]. The use of such combinations is a simple, af-
fordable and effective way to reduce the risk of immune
reactions after implantation, increase the osteoinductive
potential and impart osteogenic properties to materials.

Autologous bone marrow aspirate

Autologous bone marrow aspirate (ABMA) contains
2 types of adult stem cells: hematopoietic stem cells
(HSCs) and MSCs. The main mechanism of ABMA
as a stimulator of bone regeneration, is realized due to
MSCs content, which differentiate into osteoblasts in the
presence of specific growth factors and cytokines. The
mediated mechanism of action of ABMA is the effect
of cytokines derived from MSCs on endothelial cells,
which promote angiogenesis.

Autologous platelet-rich plasma

The use of autologous platelet-rich plasma (aPRP) as
a biogenic stimulator of regeneration is a fairly popular
and widespread method in orthopedics. Regenerative
potential is achieved through a cascade of reactions and
release of growth factors contained in platelet-rich plas-
ma [13]. Besides, plasma platelets are able to release
over 300 molecules that are responsible for complex
intercellular and extracellular interactions [14]. Unlike
soft tissue, bone regeneration is a long process. In this

regard, many researchers suggest the use of thrombin-
activated aPRP in the form of a dense fibrin clot to create
conditions for slow release of the factors contained in
it [16].

The main orthobiological materials and their compa-
rative characteristics are presented in Table.

CASE

Patient M., born in 1979, medical record card No.
H2019-10342, was treated at the 12th department of the
Priorova National Medical Research Center of Trau-
matology and Orthopedics from December 18, 2019 to
December 24, 2019 for post-traumatic deformity of the
proximal third of the right tibia. Posttraumatic type Il
medial right-sided gonarthrosis. Cyst of the upper third
of the central-medial right tibia. Old damage to the
body and anterior horn of the medial meniscus, partial
damage to the anterior cruciate ligament of the right
knee joint. Moderate right knee synovitis. The patient
complained of swelling and pain in his right knee during
physical exercise, impaired lower l[imb function. Exami-
nation revealed a deformity of the proximal metaphysis
of the right tibia along the anterior surface and a va-
rus deformity of the tibia. The right knee contours were
unchanged, and edema was moderate. The right thigh
muscles were satisfactorily developed. On palpation, the
internal articular cavity was painful. Positive Baykov's
symptoms. Capsular ligament apparatus: anterior dra-
wer test (—/+), Lachman test (-), posterior drawer test
(-), Varus stress test (-), Valgus stress test (—). Joint
movement was full, painful when flexing mainly along the
inner surface. Patella movements were painless. No vas-
cular or neurological disorders in the limb were revealed
at the time of examination. The patient underwent X-ray
and multispiral computed tomography (MRI), which dia-
gnosed a cyst of the proximal central-medial metaphysis
of the right tibia (Fig. 1).

Punch trephine biopsy of the cyst was performed;
cytological examination revealed no atypical cells. Given
the clinical and diagnostic data, a decision was taken to
surgically reconstruct the abnormal focus — combined

Table
Comparative biological properties of bone grafts and autologous regenerative stimulants
Autologous and allogenic orthobiological materials

Material type/functional properties Osteoconduction Osteoinduction Osteogenicity | Osseointegration
Cortical autograft + + + +
Spongy autograft +++ +++ +++ +++
Cortical allo-implant + +/— — +
Spongy allo-implant + +/— _ 4+
Demineralized bone matrix + ++ — T+
Autologous bone marrow aspirate — ++ +++ +++1
Autologous platelet-rich plasma — -+ + ++2

Note. ' — effect on the osseointegration process is achieved due to the content bone marrow-derived multipotent mesenchymal
stromal cells; * — effect on the osseointegration process is achieved due to the content of growth factors.
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Fig. 1. Magnetic resonance imaging (MRI) of the knee. Tibial cyst. a) sagittal plane. b) frontal plane

bone grafting with allogeneic cancellous implants im-
pregnated with aPRP. Allogeneic cancellous chips and
Perfoost blocks from the Tkanevoy Bank of the Priorova
National Medical Research Center of Traumatology and
Orthopedics (RU # FSR 2009/05682 dated December 17,
2018) and a sets for preparation of aPRP and activation
platelet-rich plasma Regen BCT-SP (R-BCT-SP) and
Regen ATS-SP (R-ATS-SP) produced by Regen Lab SA,
Switzerland were used to perform the surgical procedure.
The permission of the ethics committee was not re-
quired for the surgical intervention since the materials
used have registration certificates. Blood sampling and
preparation of autologous plasma were done prior to
surgery, according to the manufacturers instructions.
Surgery process. The operation was performed under
spinal anesthesia, with the patient in the supine position,
with reoperative antibiotic prophylaxis. The right lower
limb was fixed in a knee brace in the middle third of the
thigh. After treating the operating site three times with
antiseptic solutions, a blood-squeezing tourniquet was
applied from the lower third of the leg to the lower third
of the thigh, then a pneumatic tourniquet was inflated

in the upper third of the thigh. Under the control of an
electronic optical transducer, below and lateral to the
superficial goose foot, a 5 cm longitudinal skin incision
was made, skin-subcutaneous flaps were mobilized, and
access to the bone was made. An osteotomy was perfor-
med along the needle inserted into the cyst cavity of the
central-medial metaphysis of the right tibia, then a canal
was formed using a drill. The defect cavity was repea-
tedly washed with aseptic solutions, and the walls were
treated. Bone-grafting materials were fragmented to the
required size, then autologous plasma was added to them
and plasma activation using thrombin was performed.

The resulting combined bone-grafting material was
placed in the defect cavity, and it was impacted for uni-
form distribution in the cavity. For the purpose of int-
raoperative control, a picture was taken with an elect-
ronic optical converter. Wound suturing was performed
in layers.

CT multiscan was performed the next day after sur-
gery. According to visual data obtained in three planes —
axial, frontal, sagittal (Fig. 2) — there was a uniform
filling of the defect with bone-grafting material.

Fig. 2. Multispiral computed tomography (MSCT) of the knee joint. Tibial cyst after bone grafting. a) axial projection; b) fron-
tal projection; c) sagittal projection
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DISCUSSION

Analyzing the literature on this topic [1-3, 12, 15,
17], we should note the tendency that reconstructive and
grafting interventions on bone tissues are aimed not only
at addressing pain, restoring function, filling a defect or
eliminating deformity, but also at stimulating regenera-
tive processes. This explains the development of such
a conceptual approach in orthopedics as orthobiology,
since orthobiological products and their combinations
can create the necessary conditions for achieving this
goal.

Transplantation of frozen massive bone-cartilagi-
nous allografts for bone tumors was performed by M.V.
Volkov in 1960—70s [18]. The author described 145
cases, of which half of the results were unsatisfactory,
which was due to insufficient understanding, at that time,
of the mechanisms of transplant immunology. One of
the first studies on the histocompatibility of cartilage
tissue was carried out by Langer and Gross [19], whe-
re it was shown that intact articular cartilage does not
cause humoral immune responses. This is due to the fact
that antibodies are unable to penetrate through the dense
cartilage matrix and reach the chondrocytes. This peculi-
arity of cartilage tissue allows transplantation without the
necessary HLA compatibility studies [20], making the
cartilage an “immune-privileged” tissue. Bone tissue, on
the contrary, has enough immunogen; its transplantation
in its native form requires the necessary compatibility
studies to reduce the rejection risks and degree of im-
mune response [20, 21]. Modern possibilities of labora-
tory screening and understanding of the mechanisms of
transplant immunology and immunosuppression create
the necessary conditions for the development of tissue
transplantation, which is confirmed by literature data. For
example, C. Krettek et al. [17] describes positive clini-
cal results after transplantation of allogeneic osteochon-
dral blocks and massive grafts. The use of allogeneic
grafts from femoral heads from living donors is very
popular among many orthopedic surgeons in the USA
and European countries [22, 23]. In Russia, due to gaps
and conflicts in legal regulations on tissue donation and
transplantation, the lack of a network of regional tissue
banks and the complexity of interaction of specialists in
the sequence from donor to recipient patient, bone tissue
transplantation remains a difficult surgical procedure to
access [24].

Allogeneic bone grafting materials are the most po-
pular and often used method in reconstructive surgery.
The ability to process bone tissue to a mineral-collagen
or demineralized matrix reduces immunogenicity and
minimizes the likelihood of complications associated
with it. In Russia, the production of materials is not sub-
ject to uniform standards on which the tissue processing
and sterilization technology is based [8, 25]. As a result,
bone grafting materials differ in their properties. This
complicates the repeatability and predictability of clini-

cal outcomes, and sometimes leads to post-implantation
complications [9].

The efficiency of autologous bone marrow aspirate
use to improve bone regeneration processes, both alone
and in combination with osteoplastic materials, has been
confirmed by many studies. Gianakos et al. [26] descri-
bed the results of 35 animal studies in which BMA was
used in long bone defects. Healing occurred in 100%
of cases, and 90% reported significant improvement in
earlier bone healing on histologic/histomorphometric
assessment. Hernigou et al. [27] described the use of
concentrated BMA concentrate after centrifugation in
the pseudarthrosis of the tibia in 60 patients, of whom
fusion was achieved in 53. Desai et al. [28] described the
positive results of the use of BMA in combination with
osteoplastic materials in false tibial joints. Schotter and
Warner [29] published data indicating a positive effect
when using BMA in combination with allogeneic bone
grafting materials.

Sanchez [30] and Gallasso [31] published clinical
cases of the use of aPRP to accelerate fracture healing.
A positive effect was achieved in all cases. Kesyan G.A.
et al. [11] described a number of clinical cases, which
also noted the positive effect of the use of aPRP in com-
bination with osteoplastic materials for the treatment of
pseudoarthrosis. Despite the widespread use of aPRP to
stimulate bone regeneration, the data on the effective-
ness of its use remain controversial. Peerbooms et al.
[32] reported that there is no beneficial effect of using
aPRP to stimulate bone regeneration. Chahla et al. [15]
published an analytical review of the literature, which
reflected the analysis of 105 studies, of which 16% fully
describe the characteristics of the cellular composition
and the content of growth factors, and only 10% describe
in detail the protocol for preparing aPRP. The need to
standardize aPRP preparation protocols and guidelines
for its use is described by many authors [15, 16]. Re-
lying on recommendations from the same publications,
it should be noted that to stimulate bone regeneration,
thrombin-activated plasma in the form of a dense fibrin
clot, which is able to form and maintain the required
shape and slowly release the growth factors contained
in it, is necessary. For this reason, we used the Regen
BCT-SP (R-BCT-SP) and Regen ATS-SP (R-ATS-SP)
kits, described in our clinical case.

CONCLUSION

The use of bone grafts and bone grafting materials
in combination with bone marrow aspirate or platelet-
rich plasma reduces the degree of immune response,
promotes osseointegration and remodeling processes,
which expands the possibilities of using surgical me-
thods for biological reconstruction of bone tissues. To
stimulate bone regeneration, it is recommended to use
thrombin-activated platelet-rich plasma in the form of
a dense fibrin clot. Only in this case can one create and
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maintain the necessary shape of the material and ensure
slow release of growth factors.

The authors declare no conflict of interest.
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Liver transplantation is the treatment of choice for patients with end-stage liver disease or acute liver failure.
However, vascular complications, such as hepatic artery stenosis and/or thrombosis, graft portal vein stenosis
and biliodigestive strictures following liver transplantation are still common despite improvements and innova-
tions in surgical techniques. These complications can lead to graft damage or even death, and they are caused by
many factors. Although minimally invasive interventional radiology is an optional treatment for such post-liver

transplant complications, there is little research on this method of treatment.

Keywords: liver transplantation, endovascular treatment, endobiliary treatment, hepatic artery stenosis,
hepatic artery thrombosis, portal vein stenosis, biliodigestive strictures.

INTRODUCTION

The American Association for the Study of Liver
Diseases and the American Society of Transplantation
suggest that screening and detection of post-liver trans-
plant surgical complications be performed regularly and
routinely [1].

Surgical complications such as hepatic artery stenosis
and thrombosis, portal vein stenosis and biliary strictures
are optimally diagnosed and treated at the transplant cen-
ter. However, there is no consensus on the monitoring of
these complications and their treatment tactics.

HISTORICAL ASPECTS OF THE DEVELOPMENT
OF MINIMALLY INVASIVE TREATMENT
METHODS

The development of catheter technology dates back
to ancient times. The ancient Egyptians, 3,000 BC, were
the first in the world to perform bladder catheterization
using special tubes. Erasistratus was the first to use the
word “kafetnp” (catheter) around 300 BC. to describe
this instrument. Classic S-shaped catheters date from
this period, and some of them were discovered during
excavations of the house of a surgeon in Pompeii, who
was buried by a volcanic eruption in 79 AD [2].

In 1711, Dutch physiologist Stephen Hales performed
the first catheterization of the heart chambers in a horse
using brass and glass tubes [3].

A very important discovery for further development
of medicine was made by Wilhelm Roentgen, who in
1895, discovered radiation, which he called X-rays [4].
By 1896, Vladimir Bekhterev had predicted the discove-
ry of angiography: “...Since it became known that some

solutions do not transmit X-rays, brain vessels can be
filled with them and photographed in situ” [5].

The year of emergence of interventional radiology
can be considered 1929. Werner Forssmann, a 25-year-
old resident surgeon at Auguste Viktoria Home Red
Cross Hospital in Eberswalde, Germany, in an experi-
ment, for the first time in the world, proved the safety
of inserting catheters into the human heart when he per-
formed a catheter through the ulnar vein into the right
atrial cavity [6].

In 1953, Swedish doctor, Sven Seldinger, was the first
to use a technique for obtaining puncture access to the
Seldinger’s artery, which laid the foundations of modern
interventional radiology [7].

In 1958, Mason Sones, a pediatric cardiologist at the
Cleveland Clinic (USA), was the first to record X-ray
contrast images of coronary arteries on film during aor-
tography [8]. The first selective coronary angiography
in the USSR was performed in 1971 by Yu.S. Petrosyan
and L.S. Zingerman at Bakulev Institute of Cardiova-
scular Surgery under the USSR Academy of Medical
Sciences [9].

In 1977, Andreas Gruentzig and Richard Myler at
St. Mary’s in San Francisco (USA) performed the first
coronary balloon angioplasty in humans [10]. The first
coronary balloon angioplasty procedure in the USSR
was performed by Rabkin and Abugov at the All-Union
Scientific Center of Surgery in 1982 [11].

The end of the 20th century was the heyday of endo-
vascular surgery, whose methods have been applied in
other fields of medicine.
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LITERATURE REVIEWS

Bjerkvik et al. [12] in 1989 described a case of per-
cutaneous graft revascularization by transcatheter fib-
rinolysis in one patient with hepatic artery thrombosis
(HAT). However, balloon angioplasty (BA) was required
in this case. The role of fibrinolysis in the treatment of
early HAT remains a subject of dispute. Hidalgo et al.
[13] in 1995 achieved good outcomes using urokinase
for local fibrinolysis in two patients with early HAT;
however, after fibrinolysis, both patients also required
additional BA.

Angioplasty and portal vein stenting were described
for the first time in 1990 by Olcott et al. [14] at the
University of California, San Francisco, USA. Raby et
al. [15] was the first to propose portal angioplasty in
children. In subsequent years, this technique has become
the treatment of choice for post-transplant portal steno-
sis with good outcomes and low rate of postoperative
complications.

In 2001, Schwarzenberg et al. from the University
of Minnesota, USA, reported positive outcomes in the
relief of biliary stricture [16]. Balloon dilatation of the
anastomotic stenosis and installation of external-internal
drainage were performed in 6 patients after developing
biliary strictures.

HEPATIC ARTERY STENOSIS
AND/OR THROMBOSIS AFTER LIVER
TRANSPLANTATION

Arterial blood flow disorders include hepatic artery
thrombosis (HAT), hepatic artery stenosis (HAS), kinked
or tortuous hepatic artery, and hepatic graft arterial steal
syndrome.

Depending on the time interval between liver trans-
plantation and HAT, early HAT (up to 4 weeks) and late
HAT (over 4 weeks after transplantation) can be distin-
guished).

Bekker et al. [17] conducted a systematic literature
review, which showed that the incidence of early HAT
in children and adults after liver transplantation is 8.3%
and 2.9%, respectively. Timely diagnosis and treatment
of HAT can prevent injury to the biliary tract and liver
transplant parenchyma.

RISK FACTORS FOR HEPATIC ARTERY GRAFT
STENOSIS AND/OR THROMBOSIS

Donor risk factors

Atypical liver arterial anatomy on the donor side is
a risk factor, especially in cases of “caliber” mismatch
during formation of liver graft arterial anastomosis [18].

As for the graft-to-recipient weight ratio (GRWR),
data obtained from various studies are still debatable.
Sanada et al. [19] reported that grafts with GRWR <1.1%
are a risk factor for hepatic artery thrombosis.

According to a study by Li er al. [20], grafts with
GRWR >49% are significantly associated with develop-
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ment of HAT in related liver transplantation in children.
However, Uchida et al. [21] showed that grafts with a
GRWR >4% can be used safely in pediatric transplan-
tation.

Besides, defects in surgical technique during graft
retrieval are an important risk factor for HAS and/or
HAT [22].

Recipient risk factors

Uchida et al. [21] also analyzed the risk factors for
liver graft arterial blood flow disorders. It was estab-
lished that gender (female), body weight (lower), and
GRWR (higher) were associated with the risk of deve-
loping HAT.

A subject of disagreement is the recipient’s low
weight as a risk factor for thrombosis. Several studies
have reported that the recipient’s body weight is not a
risk factor for HAT [19, 23]. Meanwhile, Desai et al.
[24] found that the risk of developing HAT is higher in
patients weighing less than 10 kg.

Atypical arterial anatomy of the recipient is also a risk
factor for developing HAS and/or HAT [25].

Preoperative factors

According to Uchida et al., long cold ischemia time
and long warm ischemia time were factors leading to
HAT [21].

However, according to the Organ Transplantation
Center in Tianjin, China, there was no association found
between high risk of HAT and prolonged cold ischemia
time [26].

Intraoperative factors

With regard to transfusion risk factors, Uchida et al.
[21] reported that over 6 doses of red blood cell suspen-
sion and/or transfusion of over 15 doses of fresh frozen
plasma during surgery are risk factors for HAT.

According to some authors, the priority in using a mi-
croscope rather than conventional surgical optics during
formation of hepatic artery anastomosis does not change
HAT incidence [27, 28].

Backes et al. [29] reported that the use of a vascular
insert in hepatic artery anastomosis is a useful option
for pediatric liver transplantation. In contrast, however,
Dufty et al. [30] reported that the use of a vascular insert
is a significant independent risk factor for HAT.

According to Julka et al. [31] and Uchida et al. [21],
multiple hepatic artery anastomoses had no effect on
development of HAS and/or HAT. Nonetheless, Seda-
Neto et al. [32] found a protective effect against deve-
lopment of thrombosis during formation of two arterial
anastomoses.
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Secondary edema of the liver graft resulting from
ischemic reperfusion “stroke” is also a risk factor for
HAT [33].

Postoperative factors

A group of authors believes that the presence of HAS
and hepatic artery kinking (HAK) in the recipient after
transplantation are initiating factors for development of
HAT [34].

Early administration of aspirin has also been shown
to be effective in preventing HAT [35].

DIAGNOSIS OF HEPATIC ARTERY STENOSIS
AND/OR THROMBOSIS AFTER LIVER
TRANSPLANTATION

Typically, the clinical presentation of HAS and/or
HAT includes moderate increase in serum transaminase
and bilirubin levels (75%), biliary complications (15%),
fever and sepsis (6%), dysfunction or liver failure (4%)
[36]. HAT can present as an isolated elevation in markers
of cytolysis enzymes or as sepsis resulting from severe
graft dysfunction.

HAS and/or HAT are most often detected by Doppler
ultrasound followed by CT angiogram. According to
some studies, Doppler ultrasound showed a 92—-100%
sensitivity and a 99.5% specificity [37].

The Doppler ultrasonic signs of HAS and/or HAT
include peak hepatic artery systolic velocity <20.0 cm/s
or resistance index <0.6 distal to the anastomosis region
[38].

However, a vast majority of researchers believe that
angiography is the gold standard for HAS and/or HAT
diagnostics.

TECHNIQUES FOR MINIMALLY INVASIVE
CORRECTION OF HEPATIC ARTERY STENOSIS
AND/OR THROMBOSIS

A study by Chen et al. [18], as well as studies by Ya-
naga et al. [39] demonstrated that urgent revasculariza-
tion in cases of early HAT after liver transplantation can
significantly reduce graft loss and eliminate the need for
retransplantation. The above studies showed that early
revascularization achieved 55% graft recovery, whereas
late revascularization was unsuccessful in 100% of cases.

Sanada et al. presented an extensive retrospective stu-
dy in 2018 [40]. From May 2001 to September 2016, 279
related liver transplants were performed in 271 children.

Posttransplant hepatic artery complications were
found in 15 cases (5.4%), which includes HAT and HAS
in 14 (5.0%) cases and occlusion due to compression by
fluid accumulation in one case (0.36%). Minimally inva-
sive correction was the first-line treatment in seven cases
(46.7%). The success rate in cases of minimally invasive
techniques for HAS and/or HAT was 100%. Besides,

graft survival rate in patients with vascular complications
was 94.4% in the present study.

Techniques for performing endovascular correction of
HAS and/or HAT have been widely used in adult patients
after liver transplantation for many years; however, as
for pediatric practice, these minimally invasive methods
of treating complications are poorly transposed.

LIVER

Arterial hypoperfusion of a liver graft in the absence
of hepatic artery occlusion was first described by Langer
etal. in 1990 [41]. This complication occurs in the early
postoperative period in more than 80% of diagnosed
cases [54-74].

Angiography is the gold standard for diagnosing
splenic steal syndrome. The diagnosis is determined by
reduced blood flow through the hepatic artery in the
absence of significant arterial anatomical defects, such
as HAS, HAT or HAK [39, 42]

Thorough assessment of celiac trunk angiography
to identify underlying vascular defects (HAS, HAT or
HAK) is the first step [43]. Splenic artery embolization
is considered to be the method of choice for shifting the
hemodynamic balance in favor of the liver graft, as well
as decreasing hyperdynamic portal blood flow [44].

POST-LIVER TRANSPLANT PORTAL VEIN
STENOSIS

Interventional radiology is now widely used, and is
considered a safe and effective treatment for portal vein
stenosis (PVS) of hepatic graft [45]. Funaki et al. [46]
reported that portal vein balloon angioplasty for treat-
ment of PVS had a 50% recurrence rate on average at
6.3 months, while stenting showed 100% portal vein
patency at 47 months of follow-up.

Portal inflow disorders after liver transplantation can
be classified as early (detected within 3 months after liver
transplantation) or late (detected more than 3 months
after liver transplantation) [68]. As for portal vein throm-
bosis, endovascular methods have not been shown to be
as effective as they should be [47]. In cases of early portal
thrombosis, open thromboextraction is the appropriate
treatment, and in cases of late portal thrombosis, formati-
on of a mesenteric-portal bypass (Meso-Rex) shunt [48].

In cases of orthotopic whole liver transplantation,
incidence of PVS is quite low in adult patients.

The most common indication for liver transplantation
in children is biliary atresia [49]; in this disease, portal
vein hypoplasia is quite common in patients. This factor
provokes the development of PVS, and also complicates
the formation of portal anastomosis due to the discrepan-
cy between the “calibers” of the donor portal vein and
the recipient’s portal vein [50].
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RISK FACTORS FOR PORTAL VEIN STENOSIS

The risk factors for portal vein complications include
technical difficulties in anastomosis formation, young
age, body weight <6 kg, recipient portal vein diameter
<3.5 mm [51], graft rotation, simultaneous thrombec-
tomy of preexisting portal vein thrombosis, and use of
vascular conduits for portal reconstruction [50].

Several surgical techniques can play an important
role in preventing PVS, especially in related liver trans-
plantation or split liver transplantation. To overcome
the discrepancy between the calibers of the donor and
recipient portal veins, the use of “growth factor” in the
vascular suture has proven to be an effective method.

Another method is to ensure adequate blood flow —
ligation of the small portal branches on the recipient
side. The use of large grafts can cause compromised
blood flow during abdominal closure, which can lead
to vascular thrombosis. In this case, delayed closure of
the anterior abdominal wall is used to prevent a sharp
increase in intra-abdominal pressure.

DIAGNOSIS AND TREATMENT OF PORTAL VEIN
STENOSIS AFTER LIVER TRANSPLANTATION

The clinical manifestations of PVS range from asym-
ptomatic to severe symptoms, including massive ascites,
anemia, persistent splenomegaly with or without throm-
bocytopenia, and gastrointestinal bleeding [52]. Platelet
counts may be below normal due to hypersplenism in
patients with portal vein stenosis [53]. Portal vein ste-
nosis is usually detected on routine Doppler ultrasound,
CT scan, or MRI.

Currently, two types of endovascular approaches are
widely used. The antegrade method — access to PVS
is secured through the mesenteric vein system, from a
mini-access. The second, less invasive approach is con-
sidered to be the retrograde method — access to the portal
vein branches is secured by percutaneous transhepatic
puncture of these branches under ultrasound control [54].

Among researchers of this complication, there is also
an “opposition” to the methods of direct correction of ste-
nosis, wondering whether balloon angioplasty or stenting
is a necessary option for PVS treatment.

Sakamoto et al. [55] and Bertram et al. [56] demons-
trated that balloon angioplasty is an effective and rela-
tively safe method of treating PVS; however, 28—-50%
of patients develop PVS recurrence after the procedure.
These studies suggest stenting and/or repeated balloon
angioplasty to address this issue. Cheng ef al. [47] also
reported the efficacy of stenting for PVS in adults and
children. Stent patency rate was 90.9% over a mean
follow-up period of 12 months.

In contrast, other studies have raised concerns about
the side effects of stenting [57, 58]. These side effects
include intimal hyperplasia, size mismatch during re-
transplantation, and possibility of stent migration.

In 2019, Katano et al. [59] presented an extensive re-
trospective study at the Jichi Medical University, Japan.
Acrelated liver transplant was performed in 282 children.
Portal vein complications occurred in 40 (14.2%) cases.
In 36 cases, balloon angioplasty was performed. In 4
patients, portal vein stenting was carried out. Recurrence
occurred in 27.5% of the patients after the initial treat-
ment. Stent patency rate was 100%.

In 2017, a major collaborative study was conducted
by Incheon St. Mary’s Hospital, Korea and Asan Medi-
cal Center, Seoul, Korea [60]. Of the 296 patients, 55
(18.6%) developed PVS.

12 patients underwent balloon angioplasty, and 41
patients underwent stenting. There was 89% success
with balloon angioplasty. Relapses occurred in 3 (25%)
patients. Stenting was performed if, after angioplasty, the
deployed balloon demonstrated waist deformation >50%
or portal pressure gradient was >5 mm Hg. Satisfactory
portal blood flow was observed in all patients who un-
derwent stenting. The 1-, 5-, and 10-year primary stent
patency rates were 90% (£7%), 90% (£7%), and 85%
(£8%), respectively.

POST-LIVER TRANSPLANT BILIARY STRICTURES

Biliary strictures and biliary fistulas are the most com-
mon early post-transplant complications, with a 10-30%
risk according to various sources [61, 62].

Biliary strictures are classified into anastomotic (AS)
or non-anastomotic biliary strictures (NAS) [40].

RISK FACTORS FOR POST-LIVER TRANSPLANT
BILIARY STRICTURES

The risk factors for biliary strictures (BS) are: cold
ischemia time of the liver graft, impaired arterial blood
supply to the graft, rejection, and cytomegalovirus
(CMV) infection [63].

Several authors have provided studies proving that
there is a relationship between BS occurrence and pre-
existing arterial complications. Thus, according to the
data obtained by Darius et al. [64], HAT increased the
risk of anastomotic BS in children (p < 0.001). In 2018,
Fang-Min Liao et al. [38] demonstrated that children
after liver transplantation with a hepatic artery resistance
index according to Doppler ultrasound <0.57 had a high-
er risk of BS (p = 0.001). Feier et al. in 2016 reported
that multiple arterial anastomoses can “protect” a child
from developing biliary strictures [65].

DIAGNOSIS AND TREATMENT OF POST-LIVER
TRANSPLANT BILIARY STRICTURES

Clinically, biliary strictures should be suspected in
patients with signs of cholestasis or episodes of cholan-
gitis. However, most patients have a nonspecific clini-
cal picture, as well as discrete changes in liver enzyme
levels. Ultrasound does not usually reveal significant
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changes, while magnetic resonance cholangiography, an
instrument superior to ultrasound, is a priority method
in non-invasive imaging diagnosis of this complication
[66].

Percutaneous transhepatic cholangiography plays a
crucial role in the diagnosis of post-liver transplant bi-
liary stricture, as it is considered the gold standard for
detecting and quantifying stenosis [67].

Percutaneous transhepatic bilioplasty (PTB) is a mi-
nimally invasive method and has a success rate of 34%
to 75%. Its outcomes are similar to those of surgical
revision [61, 62]. The main disadvantage of PTB is the
potential need for prolonged external biliary drainage
and repeated procedures, with potential psychological
consequences.

Belenky et al. [68] recommended that stent placement
should be a priority treatment option in cases of late bili-
ary strictures. This method provides long-term outcomes
that are superior to those obtained with isolated dilation
with balloon catheters.

There are no large cohort or randomized controlled
trials to compare the short-term and long-term outco-
mes of PTB and surgery. In most published studies, only
short-term or mid-term observations are available. In
addition, different centers use different methods and/or
therapeutic algorithms, making it difficult to compare
outcomes and complications reported in the literature.

In 2008, Miraglia et al. reported PTB outcomes in
20 children who underwent liver transplantation bet-
ween 2004 and 2007 [69]. Biliary anastomoses stricture
was successfully completed in all patients, after which
PTB was performed without major complications. The
average number of balloon dilations performed was 4.
Cholangiostomy drainage placement lasted for 5 months
on average. Recurrent stenosis developed in 28%, which
required a second series of PTB.

Normalization of liver enzymes and resolution of
intrahepatic biliary dilatation are the endpoints used to
measure technical success in the most recent series invol-
ving PTB or surgical reconstruction of biliary strictures
[62, 63].

CONCLUSION

In cases of development of post-liver transplant
complications in adult patients, endovascular and en-
dobiliary methods for correcting these complications
have become the first-line therapy, since they are less
invasive and easier tolerated by recipients compared to
volumetric reconstructive surgery. In recent years, with
the development of minimally invasive technologies and
techniques, the number of new cases of treatment of
graft blood supply disorders and biliary strictures has
increased. Although urgent retransplantation has long
been considered the treatment of choice, minimally in-
vasive interventional radiology is now being used as a

first-line treatment for adult recipients in a number of
leading centers.

However, in pediatric liver transplantation, endo-
vascular technologies and techniques have not been as
widely studied. Development of algorithms for mini-
mally invasive interventional diagnosis and treatment of
vascular complications and biliary strictures following a
liver transplantation for pediatric practice is necessary to
achieve long-term optimal outcomes and graft function.

The authors declare no conflict of interest.
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Living related liver transplantation has proved to be an effective, safe and radical method for treating end-stage
liver diseases. In the last decade, a laparoscopic approach to donor hepatectomy has been gradually introduced
into clinical practice. According to world literature, there are presently no uniform standards for performing la-
paroscopic liver resections in living donors. This literature review considers almost all methods for performing
this surgery in living donors. These methods are described in transplant centers around the world.

Keywords: liver transplantation, living donation, laparoscopic liver resection.

INTRODUCTION

Laparoscopic hepatectomy in living donors typically
consists of several basic stages: trocar placement, liver
mobilization, dissection of hepatoduodenal ligament
structures, formation of a resection plane, and paren-
chymal dissection and graft removal.

POSITION OF THE PATIENT ON THE TABLE

The patient was positioned on the operating table
in Fowler’s position (Reverse Trendelenburg position).
According to various literary sources, the angle of the
table in relation to the floor ranges from 30° to 45°. The
patient’s legs are spread apart (French position) [1-3].
Interestingly enough, when performing laparoscopic
right hemihepatectomy, the position of the patient on the
operating table is slightly different from that for resection
of the left lateral segment or left lobe of liver in a related
donor. The patient is also placed in the French position
in Fowler’s position. However, a 10—15 cm diameter roll
is placed under the patient’s right at the costal arch level
[4]. At some transplant centers, the patient is placed on
the left side [5].

TROCAR PLACEMENT

All clinics have their own trocar placement approa-
ches. For example, during the first laparoscopic removal
of the left lateral section from a living donor [6], the
following trocar port placement scheme was described:
a 10-mm-diameter optical trocar was placed paraumbili-
cally 2 cm above the navel, two 12-mm-diameter trocars
were placed 7-9 cm to the left and to the right, then, a
10-mm-diameter trocar was placed 5 cm proximally to
them along the midclavicular line under the costal arch.
In most French transplant centers, and at the Shumakov
National Medical Research Center of Transplantology

and Artificial Organs, when performing laparoscopic
left lateral (LL) resection, trocars are placed as follows:
an optical 10—-12-mm trocar is placed paraumbilically
2-3 cm to the right of the navel, then 10-mm trocar is
placed at a 15° angle to the right and 10 cm to the back,
and another 12-mm trocar at a 15° angle to the left from
the bottom. One 5-mm trocar is placed in the epigastric
region, and, if necessary, one more is placed along the
anterior axillary line in the right hypochondrium [3, 7-9].

In South Korea, the placement pattern is similar
for laparoscopic left lateral sectionectomy, but 12-mm
trocars are mostly used [1]. For a more rational port
placement, some transplant centers performed ultrasound
imaging of the liver [7, 10].

When resecting the left lobe in a living donor, trocar
placement is the same as when performing LL resection,
except that the main working ports are placed equidis-
tantly upward at an angle of 30° from the paraumbilical
optical access [11]. Some transplant centers have a modi-
fied version of trocar port placement using 6 trocars [12].

Trocar placement in right-sided hemihepatectomy
is shown in Figure 4. Standardized approaches to port
placement have been developed using a three-dimensi-
onal laparoscope for laparoscopic resection of the right
lobe of the liver in living donors [13].

LIVER MOBILIZATION AND HEPATODUODENAL
LIGAMENT DISSECTION

Carboxyperitoneum is achieved to target values of
8—13 mm Hg when performing left lateral sectionectomy
or left lobar resection [1, 3, 6, 8, 9, 11, 12]. For right-
sided hemihepatectomy, the reference intra-abdominal
pressure value, according to various literary sources,
is 12—15 mm Hg [14, 15]. A 30° optical transducer is
mostly used for imaging, although a laparoscope with an
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adjustable viewing angle has been increasingly reported

of recent [16, 17].

When resecting the left lateral segment or the left
lobe, after revision of the abdominal cavity, the liver is
mobilized by intersecting the round, sickle, coronary and
left triangular ligaments using a harmonic scalpel and
monopolar scissors [3, 6-8]. When mobilizing the left
lobe of the liver, namely the gastrohepatic ligament, it
is worth noting a possible aberrant artery branching to
the left lobe from the left gastric artery.

It should be noted that preliminary circular mobili-
zation of the left hepatic vein during LL resection is not
routinely performed in most transplant centers, although
there have been recent reports on this maneuver [18].

Next, the hepatoduodenal ligament structures are
isolated: the left hepatic artery is mobilized along the
length and circularly bypassed with a webbing or its
alternatives. After that, the short portal branches are li-
gated to segment 1, the left branch of the portal vein is
also circularly bypassed. Then, using a harmonic scalpel
or bipolar coagulation, the venous branches draining
segment 4 (Sinus Rexi) are transected.

It should be noted that mobilization of the hepatoduo-
denal ligament structures is performed using the caudal
approach, while, for better visualization, traction is per-
formed for the transected round ligament of the liver
[7]. However, in some cases, the left lateral segment is
rotated counterclockwise to facilitate its mobilization
and isolation of afferent vessels [9].

In the case of hemihepatectomy, it is necessary to take
into account the anatomical border of separation into the
left and right lobes of the liver, namely, the line running
from the bottom of the gallbladder to the suprahepatic
part of the inferior vena cava [19]. Cholecystectomy is
performed based on the Critical View of Safety principle,
a control system based on assessment and registration
of three key elements:

— Dissection of the Calot’s triangle (cystic duct — he-
patic duct — liver);

— Visualization of only two tubular structures leading
to the gallbladder;

— Mobilization of the lower part of the gallbladder and
visualization of the lower 1/3 of the gallbladder bed
before intersecting any tubular structures [20].

As for right-sided hemihepatectomy, some authors
believe that cholecystectomy should be performed be-
fore mobilizing the hepatoduodenal ligament to achieve
more detailed visualization of the arterial blood supply
to the right lobe of the liver [4, 14]. In some Asian cli-
nics, for example, in South Korea, the operation begins
with mobilization of the right lobe of the liver, and then
proceeds to dissection of afferent vessels and cholecy-
stectomy [5, 21].

Intraoperative cholangiography [22] or indocyanine
green fluorescent imaging [21-24] is used to visualize the
ductal zone. Modified cholangiography is also used. For

this purpose, a bulldog forceps is applied on the supposed
intersection site of the bile duct, and cholangiography is
performed through the cystic duct stump. In this way, the
safety of duct intersection is confirmed [15].

LIVER PARENCHYMAL DISSECTION

To determine the optimal plane of resection when per-
forming hemihepatectomy, clamping of afferent blood
flow to the left or right lobe of the liver using vascular
clamps is performed. A parenchyma dissection line is
marked with a harmonic scalpel along the line of demar-
cation, and then the vascular clamps are removed [25].

In some transplant centers, just before parenchyma
dissection is done, the hepatoduodenal ligament structu-
res are taken onto a turnstile to apply the Pringle maneu-
ver — clamping of afferent blood flow to the liver in the
event of massive bleeding, although this technique is not
routinely used in some transplant centers [60, 62, 84].
It should be noted that the Pringle maneuver was not
used in any of the reports described when performing
laparoscopic left lateral sectionectomy [1-3, 6, 9, 26].

Parenchymal dissection is performed using an ult-
rasonic or water-jet dissector, bipolar and monopolar
coagulation, or argon [1-3, 6, 9]. Some authors argue that
large vessels will never be injured by light maneuvers as
long as the vessels are in the surgeon’s field of vision.
Even during parenchymal dissection, intraparenchymal
structures can be visualized using magnification on a
laparoscope, and minor bleeding can be controlled by
raising the intra-abdominal pressure [27].

When resecting the left lateral segment, the paren-
chymal resection line is defined towards the medial wall
of the left hepatic vein and goes slightly to the right of
the falciform ligament. The dissection is also carried
out according to the caudal approach, i.e. from the bot-
tom to up. According to a study in Hungary, the optimal
parenchymal dividing line for the left lateral segment
should be about 1 cm to the right of the falciform li-
gament, except for deviant biliary anatomy of the left
lateral segment, when the level of segmental bile duct
fusion according to MR cholangiography is to the right
or left of the intended level [6, 28]. This is due to the
need to obtain a minimum number of bile ducts on the
graft to reduce the number of biliary complications in the
recipient. In hemihepatectomy, the resection line follows
the demarcation line as previously described.

It is very important to note that in laparoscopic he-
mihepatectomy, after dividing the caudate lobe, a nylon
tube is passed into the anterior part of the Glisson’s right
posterior foot in order to raise the residual parenchyma.
Thus, the hanging maneuver is performed, which helps
to complete the parenchymal dissection most safely,
although some authors consider this maneuver as opti-
onal [21, 23]. A somewhat similar maneuver has been
described for laparoscopic resections of the LL and left
lobe in living donors. So, for the convenience of paren-
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chymal dissection at the junction of the left and median
hepatic veins, the following maneuver is applied: this
area is circumferentially bypassed with a webbing and
pulled upward, thereby improving visualization during
dissection, and providing additional vascular safety [29].
In the parenchymal transsection process, the portal
plate, in which the bile duct and paraductal vessels pass,
is exposed. These elements are crossed with scissors, and
a careful hemo- and biliostasis with suturing and clipping
is performed on the donor’s side. At some transplant
centers, the portal plate is clipped with Hem-o-lock clips
(TFX Medical Ltd., RTP Durham, NC, USA) and then
crossed with scissors between the clips [9, 30, 31].

GRAFT REMOVAL

After the graft remains connected only by afferent
vessels and hepatic veins, the Pfannenstiel incision is
performed with installation of a port for manual assis-
tance. Then, the graft is removed directly: the afferent
vessels of the graft are clipped and transected (in some
transplant centers, the portal vein is transected with a
stapler [32, 33]), the hepatic veins are transected using
a stapler. The obtained graft is removed using manual
assistance through the previously installed port and it is
then transferred for perfusion with a preservative solu-
tion [8].

After the liver fragment has been extracted, a tho-
rough revision for hemo- and biliostasis is carried out,
and, if necessary, electrocoagulation, stitching or clip-
ping of suspicious areas is performed. A silicon draina-
ge is placed to the wound surface of the liver [11, 14],
though some authors believe that with “ideal” liver re-
section, there are no indications for safety drainage [34].

CONCLUSION

Donor safety is of paramount importance in donor
liver surgery. This very important aspect is still the main
obstacle to the spread of minimally invasive approaches
in living liver donation.

This is probably why the approach to laparoscopic
liver resection in living donors is significantly different
among different transplant centers. Nevertheless, further
evaluation of the standardization of methods is needed
to improve intermediate surgical outcomes for these sur-
gical procedures.

The authors declare no conflict of interest.
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FOR PANCREATIC GRAFT
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About 2,400 pancreas transplantations are performed every year worldwide, mainly pancreaticoduodenal trans-
plantations. Most clinics use the classical revascularization technique using a Y-shaped vascular prosthetic
implant. However, it is not always possible to restore full blood supply to the graft in this way. Therefore, other
options for arterial reconstruction are being developed — from isolated blood supply to the graft via the splenic
artery to full blood flow restoration through all the main vessels of the organ to ensure the most physiological
blood supply to the pancreas. This review is devoted to analysis of the used arterial reconstruction methods and

pancreaticoduodenal graft revascularization techniques.

Keywords: pancreas transplantation, pancreaticoduodenal graft, arterial reconstruction, Y-shaped vascular

graft, isolated blood supply via the splenic artery.

INTRODUCTION

According to the World Health Organization (WHO),
about 200 million people in the world are currently suf-
fering from diabetes. In Russia, 256,200 patients have
type 1 diabetes with an annual increase of about 10,000
new cases [1]. WHO predicts that the number of people
living with diabetes will rise to 552 million by 2030.
This undoubtedly makes diabetes a pandemic of non-
infectious etiology.

Simultaneous pancreas-kidney (SPK) transplantation
is one of the options for surgical treatment of diabetes in
end-stage diabetic nephropathy. This treatment method
allows to arrest kidney failure, achieve true insulin inde-
pendence and significantly improve the patient’s quality
of life. According to the Global observatory on donation
and transplantation (GODT), 2,338 transplants were per-
formed in the world in 2018, of which only 17 were in
Russia [2]. Such a small (in comparison to other solid
organs) number of operations is due to shortage of suita-
ble donor organs, very stringent requirements for organ
quality, and relatively high frequency of loss of pancreas
graft due to surgical and immunological complications.

Hendon was the first to attempt pancreas transplant
surgery in 1913 in an animal experiment [3]. The first
successful human pancreas transplant was performed by
William D. Kelly and Richard C. Lillehei on December
17, 1966 at the University of Minnesota (USA). They
performed a single-stage transplant of a kidney and pan-
creatic segment with a ligated main pancreatic (Wirsung)
duct on a 28-year-old female patient with end-stage dia-
betic nephropathy. They developed and applied a method
for arterial graft reconstruction with a Y-shaped vascular
alloprosthesis (Y-graft), i.e. a technique still used in most

transplant centers as a conventional technique for revas-
cularization of a pancreaticoduodenal graft [4].

Given the fact that the native pancreas gets blood sup-
ply from 3 main arteries, some surgeons seek to modify
this technique to achieve the most physiological organ
revascularization. Others, on the other hand, seek to sim-
plify the arterial reconstruction scheme by proposing to
minimize the number of vascular anastomoses during
operation. Meanwhile, methods have been proposed that
would allow the use of those organs that were previously
recognized as non-transplantable due to the impossibili-
ty of performing Y-graft reconstruction. There are also
cases where surgeons have to modify the conventional
technique due to the physiological characteristics of the
donor organ or recipient.

This review is devoted to analysis of the types of ar-
terial reconstruction and methods of revascularization of
pancreatic grafts from the moment of first transplantation
in 1966 to the present time at various transplant centers.

METHODS OF RECONSTRUCTION
OF THE SPLENIC AND SUPERIOR MESENTERIC
ARTERIES

More than 50 years have passed since the first pancre-
as transplant was performed, but Y-graft reconstruction
of the arterial bed is still relevant today. In this technique,
at the preoperative preparation stage, a single arterial su-
ture is formed between the superior mesenteric and sple-
nic arteries of the graft using Y-shaped alloprosthesis.
Typically, the Y-graft is the bifurcation site of the donor’s
common iliac artery. Bifurcation of the common carotid
or femoral artery can also be used. At the stage of trans-
plantation, anastomosis is formed between the Y-graft
and the common iliac, less often the external, recipient
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artery. This technique of revascularization of the pan-
creaticoduodenal segment is considered conventional at
most transplant centers. At the University of Minnesota
clinic, where pancreas transplant was performed for the
first time in the world, about 2256 pancreas transplants
were performed from 1966 to 2016 using this technique
[5, 6]. According to a published report, the incidence of
serious arterial complications at this center was 1.1% (10
arteriointestinal fistulas with gastrointestinal bleeding, 3
arteriovesical fistulas, 3 arteriovenous fistulas, 1 arteri-
oureteral fistula, and 7 false aneurysms) [7].
Agnieszka Surowiecka-Pastewka ef al. analyzed
200 pancreas transplants performed in a single center.
They used a classical graft revascularization technique,
with the incidence of arterial complications being 3% (2
deaths). In one patient, the revision revealed a ruptured
section of the external iliac artery with massive blee-
ding. Due to dense infiltration, it was difficult to apply
open suturing, so endovascular stenting of this area was
performed. Control CT scan revealed no evidence of
bleeding. In one case, arteriocystic fistula was formed 6
months after transplantation. Later, the patient developed
gastrointestinal bleeding, which could not be stopped by
endoscopic method, so the pancreaticoduodenal graft
was removed. In another case, a patient with repeated
transplantation in the early postoperative period was

Fig. 1. Graft revascularization in patients with severely cal-
cified iliac arteries: 1 — Donor superior mesenteric artery; 2 —
Donor splenic artery; 3 — Donor renal artery; 4 — Aorta

found to have common iliac artery stenosis proximal to
the anastomosis; therefore, endovascular stenting of the
artery was performed. No recurrent stenosis was detected
in a follow-up study [8].

At their center, L. Grabowska-Derlatka et al. use the
classical graft revascularization technique with abdo-
minal multispiral computed tomography (MSCT) for
all recipients at day 68 after SPK transplantation. Out
of the 60 patients, there were 9 cases of small intragraft
vessel thrombosis and 17 cases of large vessel thrombo-
sis. Half of these cases required graft removal [9].

At Brotzu Hospital, from 2005 to 2014, 27 pancreas
transplants were performed using the classical revascu-
larization technique. No vascular complications were
noted in any case [10].

An interesting surgical technique has been described
by Paul L. Tso et al. In 5 recipients with total superior
vena cava thrombosis and severe iliac calcification, a
tunneled central hemodialysis venous catheter was in-
serted into the left iliac vein. While performing SPK
transplantation in these patients, the authors used an ori-
ginal modification of the classical technique: during back
table preparation of the kidney, the renal transplant artery
was anastomosed in end-to-end fashion to the internal
iliac limb of the donor iliac artery Y graft (Fig. 1). The
superior mesenteric artery of the pancreatic graft was
anastomosed to the external iliac artery Y-graft also in
an end-to-end manner. Then, an end-to-side anastomosis
was formed between the splenic and superior mesenteric
arteries of the graft [11]. Afterwards, an anastomosis was
made between the single arterial conduit of the grafts
and a small calcification-free area of the recipient’s ex-
ternal iliac artery. Out of the 5 patients who underwent
transplantation by this method, 1 patient developed a
pseudoaneurysm of the allograft at the anastomosis of
the splenic and superior mesenteric arteries manifested
by gastrointestinal bleeding. This complication requi-
red pancreatectomy. The rest of the recipients had no
serious complications, and the graft function was satis-
factory [12].

In some cases, during pancreas transplantation, the
reasons of why it is not possible to use the classical
technique are revealed. In such cases, surgeons use
various modifications of the classical method. For in-
stance, a curious clinical observation was described by
David F. Mercer. During simultaneous transplantation
after reperfusion of the pancreaticoduodenal complex,
surgeons had to perform immediate transplantatecto-
my due to ischemia of the donor pancreaticoduodenal
segment and abrupt disturbance in blood supply in the
recipient’s external iliac artery. The cause was an ex-
tended atherosclerotic plaque in the anastomotic region.
The affected portion of the artery was excised, while the
arterial wall defect was repaired with a Gore-Tex"™ syn-
thetic patch (W.L. Gore and Associates, Flagstaff, AR,
USA). Five days later, the patient underwent a pancreas
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Fig. 2. Formation of a Y-shaped graft using bifurcation of
brachiocephalic trunk

re-transplantation, during which the synthetic prosthesis
was removed. In order to close the arterial defect, the
following method was used: the external iliac artery of
the donor Y-graft was cut off from the common iliac
artery bifurcation and dissected along a linear incision.
Thus, from the donor Y-graft, the surgeons obtained a
6-cm allogenic patch, which was used to restore the in-
tegrity of the recipient’s external iliac artery. In turn, the
Y-graft was used to form the common arterial orifice of
the pancreatoduodenal graft, which was subsequently
successfully anastomosed with an allogeneic arterial
patch [13]. Ciancio et al. used a section of the brachio-
cephalic trunk with the subclavian and common carotid
arteries as a Y-graft, since the donor’s iliac arteries were
calcified and unsuitable for reconstruction. At the pre-
transplant preparation stage, anastomoses were formed
between the superior mesenteric and subclavian arteries,
and between the splenic and common carotid arteries
(Fig. 2). During transplantation, anastomosis was formed
between the base of the donor brachiocephalic trunk and
the recipient’s common iliac artery [ 14]. In a similar case,
de Miranda ef al. used as a Y-graft a section of the aortic
arch with the brachiocephalic trunk and the left common
carotid artery (Fig. 3) [15]. Mizrahi et al. performed reva-
scularization of the pancreas without Y-graft. They made
an anastomosis between the superior mesenteric artery
of the graft and the common iliac artery of the recipient,
having previously connected the splenic and superior
mesenteric arteries of the pancreatoduodenal complex
in an end-to-side manner (Fig. 4) [16]. Troppmann et
al. reported the possibility of forming separate arterial
anastomoses with the external and internal iliac arteries
of the recipient, also without the use of Y-graft [17]. In
cases where during transplantation, the venous outflow
is carried out into the portal vein system, it becomes

Fig. 3. Formation of a Y-shaped graft using a section of the
aortic arch with the brachiocephalic trunk and the left com-
mon carotid artery

Fig. 4. Graft revascularization through the superior mesen-
teric artery with preliminary end-to-side connection of the
splenic to superior mesenteric artery

difficult to use the Y-graft due to its insufficient length.
In such cases, Bigam proposed forming an additional
anastomosis between the donor brachiocephalic trunk
and the recipient’s iliac artery, and then restoring blood
supply to the graft using the brachiocephalic joint and
Y-graft in an end-to-end manner (Fig. 5) [18].
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Fig. 5. Using an additional section of the brachiocephalic
trunk to lengthen the vascular Y-shaped graft

ARTERIAL REVASCULARIZATION
OF PANCREATICODUODENAL GRAFT USING
THE CARREL PATCH

To reduce the incidence of vascular complications
and the number of arterial anastomoses in pancreatic
transplantation, Wen-wei Liao et al. modified vascular
organ reconstruction based on international experience.
In September 2019, they published a paper suggesting
that vascular reconstruction should not be performed at
the pre-transplantation stage. During multi-organ har-
vesting, surgeons transected the common hepatic artery

Fig. 6. Graft revascularization using the Carrel patch: 1 —
Splenic artery; 2 — Carrel patch; 3 — Common hepatic artery;
4 — Portal vein; 5 — Gastroduodenal artery; 6 — Superior me-
senteric artery

after splitting the celiac trunk, allowing them to leave
the splenic and superior mesenteric arteries with the ce-
liac trunk in the same location as the aortic site (Fig. 6).
This harvesting technique made it possible to perform
donor organ revascularization, forming one arterial
anastomosis, without prior formation of a Y-graft. The
authors believe that this modification can theoretically
reduce the incidence of vascular complications caused
by thrombosis, bleeding and prolonged cold ischemia,
since instead of three (in the classical version), one ar-
terial anastomosis is formed, which reduces the number
of risk zones and the time for pre-transplant preparation
of the pancreatoduodenal complex. Of the 12 recipients
who underwent pancreatic transplantation using this
technique, no vascular complications were identified in
any case. Graft function in all 12 cases was found to be
satisfactory [19].

Earlier, a similar technique was described by J. Pau-
lino et al. In their work, they focused on the “transverse
pancreas” transplantation technique. But no less impor-
tant is the graft revascularization technique applied by
the authors. In 64 surgical interventions, they formed an
anastomosis between the common area of the donor’s
aorta, with the celiac trunk and superior mesenteric ar-
tery, and the recipient’s common iliac artery. Pancreas
graft loss was 7.1%, and the main cause was venous
thrombosis. That notwithstanding, there were no com-
plications from arterial anastomosis [20].

ISOLATED BLOOD SUPPLY
TO THE PANCREATICODUODENAL COMPLEX
VIA THE SPLENIC ARTERY

In some cases, after harvesting the liver graft, the
superior mesenteric artery supplying the pancreas re-
mains too short for typical arterial reconstruction, since
the orifice of the inferior pancreaticoduodenal artery is
inevitably compromised during vascular anastomosis.
Previously, in such cases, the pancreas was considered
unsuitable for transplantation. At the same time, MSCT
of recipients with a successfully functioning pancreati-
coduodenal complex usually reveals a well-developed
network of vascular collaterals between the basins of the
splenic and superior mesenteric arteries. Due to the high
occurrence of such vascular architectonics, a technique
for isolated revascularization of the pancreaticoduodenal
complex through the splenic artery was suggested and
tested in practice. A special test was proposed to deter-
mine whether there is sufficient number of collaterals;
if it gives a positive result, the graft can be successfully
transplanted with restoration of arterial blood supply
only through the splenic artery. From 2012 to 2018, out
of 21 recipients who underwent SPK transplantation, sur-
gery was performed using this technique in 6 cases. The
control group of recipients underwent revascularization
using the classical arterial reconstruction technique. No
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vascular complications were detected in recipients of
both groups. There were no statistically significant diffe-
rences in the volume blood flow characteristics revealed
by control MSCT of the pancreaticoduodenal graft in the
control and comparison groups [21].

COMPLETE RECONSTRUCTION
OF THE MAIN ARTERIES SUPPLYING BLOOD
TO THE PANCREAS

In some transplantation centers, surgeons during pan-
creatic transplantation consider it reasonable to restore
blood supply to the graft through all the three main ar-
teries supplying blood to the pancreas — gastroduodenal,
splenic and inferior pancreaticoduodenal (i.e. superior
mesenteric) arteries. One of the practical ways to im-
plement this reasonable aspiration is to insert a Y-graft
between the gastroduodenal and splenic arteries, fol-
lowed by formation of a common site with the superi-
or mesenteric artery (Fig. 7). This technique makes it
possible to transplant even the organs with iatrogenic
arterial injuries without ischemia injury to the graft due
to insufficiency of intraorganic circulation [22]. C. Socci
et al. assessed the treatment outcomes of 199 patients
who underwent pancreatic transplantation. In 60% of
cases, blood supply to the graft was restored through
the gastroduodenal artery using Y-graft. In other cases,
the classical vascular reconstruction technique was used.
Among the complications that developed in the post-
operative period, the authors describe the occurrence of
gastrointestinal bleeding, while, in 85% of cases of their
development, revascularization of the pancreas was done
using the classical technique [23].

DISCUSSION

Three main arteries are involved in supplying blood
to the pancreas. When using the classical revasculariza-
tion technique, blood supply to the pancreas is restored
through two of the arteries — the inferior pancreatico-
duodenal (first branch of the superior mesenteric artery)
and the splenic. In this case, blood supply to the graft
parenchyma goes through the inferior anterior and pos-
terior pancreaticoduodenal arteries, the dorsal pancreatic
artery, the pancreas tail artery, and the greater pancreatic
artery. In this respect, due to insufficient revasculariza-
tion of the gastroduodenal artery, blood supply through
the superior anterior and posterior pancreaticoduodenal
arteries and, in some cases, the superior duodenal arte-
ry, is carried out retrogradely, from intraorgan vascular
collaterals. Theoretically, this can lead to circulatory
insufficiency in the region of the pancreas head and do-
nor duodenal stump. Given the presence of anastomoses
between the superior and inferior pancreaticoduodenal
arteries, the Y-graft method is recognized by most experts
as sufficient and the most optimal. Having said that, for-
mation of three arterial anastomoses can increase the risk

Fig. 7. Graft revascularization via 3 main arteries: 1 — Splenic
artery; 2 — Superior mesenteric artery; 3 — Gastroduodenal
artery

of vascular complications, such as stenosis, thrombosis,
and anastomotic aneurysm. The technique for forming an
anastomosis between the aortic site (carrel patch) of the
graft and the recipient’s iliac artery reduces the risk of
developing vascular complications and reduces the warm
ischemia time. However, in multi-organ harvesting, the
portion of the aorta required for the arterial site is used
in most cases during liver transplantation.

Gastroduodenal artery repair can improve blood
supply to the pancreas head and duodenum, preventing
ischemia. However, this method increases the number
of anastomoses, which increases the ischemia time and
number of potentially dangerous, “weak” sites for oc-
currence of vascular complications. The technique in-
volving restoration of isolated blood supply to the graft
along the splenic artery has also proved to be effective in
cases where the length of the superior mesenteric artery
does not allow forming an anastomosis using any other
technique. However, this technique can be safely used
only with intensive development of arterial collaterals
in the graft parenchyma.

During organ harvesting and pre-transplant prepa-
ration, one should also not forget about the importance
of the dorsal pancreatic artery, which can extend not
only from the splenic artery, but also from the common
hepatic artery, and even the celiac trunk. When it is da-
maged, blood supply to the organ is disturbed so signi-
ficantly that it can lead to ischemia of a large part of the
parenchyma with corresponding severe complications
and consequences [24]. Besides, in a number of cases,
there is a variant anatomy of the pancreas, including, in
addition to the dorsal artery, a doubling of the splenic
artery. In this case, for sufficient graft revascularization,
a modification of the Y-graft technique can be used, in
which two splenic arteries are connected side-to-side to
form a single arterial orifice, which is then anastomosed
with the internal iliac artery Y-graft. The dorsal artery can
also be attached to the Y-graft end-to-side (Fig. 8) [25].
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Fig. 8. Additional revascularization of the dorsal pancreatic
artery and accessory splenic artery: 1 — Native external iliac
artery; 2 — Common iliac artery; 3 — Superior mesenteric ar-
tery; 4 — Dorsal pancreatic artery; 5 — Syndactylized splenic
arteries

CONCLUSION

At present, quite a lot of variants have been propo-
sed for donor pancreas revascularization during trans-
plantation. Each technique has its own advantages and
disadvantages; even the classical technique comes with
rather many complications from arterial anastomoses.
This has made surgeons around the world to develop and
implement new graft revascularization modifications and
variants. The final choice of a particular technique de-
pends on the anatomical features of the graft, the specific
surgical situation, and the preferences of the surgeons
performing the pancreas transplantation.

The authors declare no conflict of interest.
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Lung transplantation is the final treatment option for end-stage lung failure. In 2019, 63,530 lung transplants were
performed worldwide [13]. Due to the variety of diseases causing patients to resort to lung transplant surgeries,
there is a wide range of different complications and conditions that are subject to an individual clinical approach
to determine treatment tactics. Each case is of great clinical interest due to the small amount of these operations
and the complexity of postoperative rehabilitation, which requires a multidisciplinary approach [12]. We present a
report on a surgical treatment of expiratory tracheal stenosis in combination with bronchiectasis in a lung recipient.

Keywords: lung transplantation, multidisciplinary approach, expiratory tracheal stenosis, bronchiectasis.

INTRODUCTION

Lung transplant recipients have an increased risk of
developing infectious complications, particularly bron-
chiectasis, due to impaired blood supply to the bronchial
tree and immunosuppressive drugs. The main factors
in the development of the latter are local inflammato-
ry processes in the bronchi and obstructive atelectasis.
Progression of the inflammatory process is promoted
by bronchial lumen obstruction. In view of the incre-
ase in inflammatory changes, the ciliated epithelium is
rearranged towards replacement by stratified squamous
epithelium, which in turn impairs mucociliary clearance
processes. Microcirculation disorder leads to degenerati-
on and dystrophic degeneration of smooth muscle fibers
and the bronchial cartilaginous plate, followed by its re-
placement by connective tissue. Under these conditions,
increased intrabronchial pressure, for example, when
coughing, leads to stretching of the bronchial wall and
promotes formation of bronchiectasis [11].

The incidence of expiratory stenosis is 0.4-21.0% [4].
To date, there is no generally accepted theory of the ori-
gin of expiratory tracheal stenosis, but it is often accom-
panied by chronic inflammatory processes in the lungs. It
is not always possible to assert unequivocally which of
the pathophysiological processes is primary. Difficulty
coughing up phlegm exacerbates chronic inflammation,
which in turn produces sputum, increases coughing, and
stretches the tracheal walls. Thus, thinning and excessive
mobility of the posterior wall of the trachea develop,
leading to expiratory stenosis [1]. Conservative treatment
of this condition is aimed at improving sputum discharge
and prescribing anti-inflammatory drugs [5].

Attempts to find a surgical solution to the problem
of expiratory tracheal stenosis have been made since the
middle of the 20th century. R. Nissen in 1954 for the first
time used a bone graft to strengthen the membranous
wall of the trachea [7]. At the same time, H. Herzog
suggested using the aponeurosis of the rectus abdominis
muscle [2, 3]. The outcomes of surgical treatment of this
category of patients are not always satisfactory, and,
given that such operations are performed quite rarely,
each case is of clinical interest [1]. Currently, synthetic
materials such as polypropylene meshes [8, 9] or polyte-
trafluoroethylene sheets [10] are most often used for pos-
terior tracheal wall plasty. Besides, these operations are
usually performed using posterolateral thoracotomy [6].

There are few reports on video-assisted thoracoscopic
surgery for expiratory tracheal stenosis. R. Machino et
al. in 2020 demonstrated a clinical observation of thora-
coscopic plication of the membranous tracheal wall with
interrupted sutures in an elderly patient with crescent-
shaped tracheobronchomalacia with a positive effect.
The patient was discharged on day 126 after surgery [6].

Our observation presents the first experience in the
Russian Federation on surgical treatment of expiratory
tracheal stenosis in combination with bronchiectasis in
the lung graft.

MATERIALS AND METHODS
Description of clinical observation

Patient P, male, 61 years old, since 2018 has been
under observation at Shumakov National Medical Re-
search Center of Transplantology and Artificial Organs
with the following diagnosis: chronic obstructive pulmo-
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nary disease (COPD), pulmonary emphysema, extremely
severe course, type 2 respiratory failure, mixed form. In
August 2018, the patient was included in the waiting list
for deceased donor lungs.

In September 2018, bilateral sequential lung trans-
plantation from a deceased donor was carried out.

The donor was a 33-year-old man. Mechanical venti-
lation (MV) lasted for 1 day. Plain chest x-ray showed no
focal or infiltrative changes. Arterial blood oxygenation
index pO,/FiO, was 252. Video-assisted bronchoscopy
showed a moderate amount of mucous sputum. Cold pre-
servation was carried out using Celsior solution (IGL,
France) by anterograde and retrograde method.

Lung transplantation was performed according to
the standard technique. The patient was extubated and
transferred to spontaneous breathing after 24 hours.
The patient stayed in the intensive care unit for 8 days.
Drains from pleural cavities were removed on day 8.
Immunosuppressive therapy included tacrolimus, me-
thylprednisolone, and mycophenolate mofetil.

The early postoperative period on day 24 was compli-
cated by the development of right lower lobe pneumonia,
therefore, tacrolimus dosage was reduced for the patient.
Based on the results of a bacteriological study of bron-
choalveolar lavage, according to which the growth of
Ps. aeruginosa was noted, multicomponent antibacterial
therapy (polymyxin, meropenem, sodium colistimethate,
ceftazidime) was started with a positive effect — norma-
lization of inflammatory markers and resolution of the
clinical and radiological picture of pneumonia.

Control transbronchial biopsy on day 30 revealed the
presence of antibody-mediated acute low-intensity graft
rejection for which 5 sessions of plasmapheresis and
correction of immunosuppressive therapy were carried
out. The control transbronchial biopsy of the graft after
treatment showed no signs of rejection. The patient was
discharged from the hospital in a stable condition on day
54 after transplantation.

On June 10, 2020, patient P. was re-hospitalized at
Shumakov National Medical Research Center of Trans-
plantology and Artificial Organs with complaints of se-
vere cough with discharge of copious amounts of viscous
purulent sputum. Saturation was 92%, there was a need
for continuous oxygen insufflation through nasal can-
nulas with a 7 L/min flow. Multidetector chest CT scan
revealed bronchiectasis of the lower and middle lobes
of the right lung (Fig. 1).

Control video-assisted bronchoscopy revealed ex-
piratory stenosis of the lower third of the membranous
trachea, which significantly complicated sputum eva-
cuation (Fig. 2).

A multicomponent antibiotic therapy selected accor-
ding to the sensitivity of the bacterial flora, and multiple
sanitation bronchoscopies with a short-term positive
effect were administered at the transplant center. Non-
invasive ventilation of the lungs was contraindicated in

Fig. 1. CT before operation

Fig. 2. Expiratory tracheal stenosis in the lower third

the patient due to the presence of bronchiectasis in the
middle and lower lobes of the right lung and a large
amount of hard-to-separate purulent sputum.

In order to eliminate the expiratory prolapse of the
lower third of the trachea, the method developed by M.1.
Perelman in 1987 was applied, it consists in phased scl-
erosis of the membranous trachea by injecting a glucose
solution (40%) and the patient’s plasma in a 1/1 ratio
[14]. Injections were performed at 14-day intervals.

After two stages of endoscopic sclerotherapy, there
were some positive dynamics — visual decrease in the
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prolapse of the membranous part of the lower third of
the trachea, decreased cough intensity, and improved
sputum discharge. However, a few days later, the patient
re-developed a clinical and laboratory picture of infec-

Fig. 3. Recurrence of expiratory prolapse of the membranous
wall of the trachea

Fig. 4. Transection of basal part of the right pulmonary artery
with a linear cutter

Fig. 5. Suturing the bone allograft to the posterior wall of the
trachea

tious process exacerbation and increased respiratory
insufficiency. Bronchoscopy conducted showed a relapse
of expiratory prolapse of the membranous wall of the
trachea (Fig. 3).

Given the increasing respiratory insufficiency and
presence of a persistent infectious process, we decided
to perform a surgical operation for vital indications. The
purpose was to eliminate the focus of chronic infection
and strengthen the membranous wall of the trachea.

On July 30, 2020, video-assisted thoracoscopic lower
bilobectomy on the right side was performed with simul-
taneous plasty of the lower third of the membranous wall
of the trachea with bone allograft (Fig. 4, 5, 6).

Course of operation

The patient position was on the left side. Separate
intubation with a double-lumen orotracheal tube. An
optics was inserted into the 7th intercostal space along
the mid-axillary line, and a minithoracotomy (3 cm) was
performed in the 5th intercostal space between the an-
terior and mid-axillary lines. Thoracoscopic inferior
bilobectomy on the right side was performed as the first
step, after the lung had been isolated from the adhesions
using an ultrasonic harmonic scalpel (Fig. 4).

During the surgical access in the Sth intercostal
space, a 4 cm long section of the 5th rib was resected to
form a bone allograft, cut lengthwise, and a bone plate
was formed; its edges were rounded. Suture holes were
formed in the resulting bone plate.

In order to prevent damage to the endotracheal tube
cuff, the trachea was reintubated using a single-lumen
tube under endoscopic guidance. The trachea was mo-
bilized in the middle and lower thirds, taken on a holder.
The bone allograft was sutured to the membranous part
of the trachea in its lower third with separate interrupted
sutures (Prolen 4/0) (Fig. 5).

Multiple bronchiectasis in the lung tissue was found
in the macropreparation cut (Fig. 6).

The early postoperative period was complicated by
prolonged alveolar insufficiency, which required an ar-
tificial pneumoperitoneum (5 sessions of 600 mL each,).
Drainage was removed on day 5. Control bronchoscopy
found no prolapse of the membranous trachea (Fig. 7).
Multidetector chest CT scan found that the upper lobe of
the right lung completely filled the right hemithorax. The
patient subjectively noted significant improvement in his
condition. Oxygen demand was reduced to 1-2 L/min.
After 7 days, the patient stopped oxygen therapy, arterial
blood saturation by atmospheric air was 91%. The pati-
ent was discharged in a stable condition on day 21 after
the operation. Control CT after 2.5 months showed that
the operated right lung was fully expanded, and there
were no additional focal-infiltrative changes (Fig. 8). A
comparative analysis of objective indicators over time
is presented in Table.
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Table
Comparative analysis of objective indicators
RF indicators (% of the norm) Preoperative Postoperative After 1 month After 2.5 months

FEV, (% of the norm) 22 23 25 30

FVC (% of the norm) 36 37 45 46

Tiffno’s index (%) 47 62 55 65

sO, in atm. air (%) 85 88 92 92

sO, in oxygen (%)/Vflow (L/min) 92/10 94/7 98/2 98/2

Fig. 6. Gross specimen of multiple bronchiectasis in the lung
tissue

DISCUSSION

Bronchiectasis in lung recipients is a serious issue due
to the high risk of developing severe infectious compli-
cations against the background of immunosuppressive
therapy. A combination of bronchiectasis and expiratory
tracheal stenosis, causing impaired ventilation function,
leads to rapid progression of respiratory insufficiency
and significant deterioration in the patient’s condition.

Surgical treatment of patients who have undergone
bilateral lung transplantation is associated with a num-
ber of difficulties (pronounced adhesions in the pleural
cavity, “altered anatomy”, frequent exacerbations of
chronic infections amidst immunosuppression, in some
cases low functional reserves, difficulties in predicting
the functional status in the early postoperative period).
However, surgery is the only treatment that can signifi-
cantly improve the quality of life of the patients.

In this clinical case, surgical treatment was the only
treatment due to the ineffectiveness of conservative the-
rapy. The increase in pulmonary function (PV) indicators
was due to elimination of expiratory tracheal stenosis.
Improved blood oxygenation was due to cessation of
blood shunting through poorly ventilated as a result of
bronchiectasis) lobes of the lung.

Fig. 8. Multispiral CT scan 2.5 months after surgery

CONCLUSION

This clinical case indicates the need for a comprehen-
sive multidisciplinary approach to the treatment of post-
lung transplant complications, depending on the specific
case. Video-assisted thoracoscopic surgical access, in
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the absence of total adhesion, is the method of choice
when performing surgical interventions in patients with
low functional status. This is due to low trauma and, as
a consequence, increased rehabilitation potential of the
patient. Plasty of the membranous wall of the trachea in
the presence of expiratory stenosis is an effective method
of surgical treatment if other methods of correction are
ineffective and/or impossible.

The authors declare no conflict of interest.
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Objective: to present our own experience of heart transplantation in a patient with persistent left superior vena
cava (PLSVC). A clinical case of successful orthotopic heart transplantation using the biatrial technique in a patient
with PLSVC drainage into the right atrium is presented. The clinical effect achieved as a result of the treatment
fully justifies the chosen surgical tactics and allows us to recommend the proposed tactics for treatment of such
a rare anomaly. Conclusion. The clinical effect achieved as a result of the treatment fully justifies the chosen
surgical tactics and allows us to recommend the proposed tactics for treatment of such a rare anomaly.

Keywords: congenital malformation, cardiovascular system, persistent left superior vena cava, heart

transplantation.

Persistent left superior vena cava (PLSVC) is a rare
congenital vascular anomaly. The incidence is 0.3-0.5%
of the general population with a normal heart and in 4.5%
of people with congenital heart disease [1]. In most cases
(80-90%), PLSVC is associated with a right superior
vena cava (SVC) [2], and may also be accompanied by
other cardiac anomalies, such as abnormal pulmona-
ry vein connections, coarctation of the aorta, tetralogy
of Fallot, transposition of the great vessels, and patent
ductus arteriosus (PDA) [3]. At the same time, cardiac
arrhythmias are observed.

PLSVC usually flows into the right atrium (in 80—
92%) through the dilated coronary sinus [5], but in
10-20% of cases, it flows into the left atrium [7]. The
PLSVC can drain directly into the left atrium or coronary
sinus, causing a right-to-left cardiac discharge. Most
patients with PLSVC are asymptomatic. Only patients
with abnormal drainage and right-to-left discharge have
a clinical picture. Abnormal venous return via PLSVC
can cause cardiac arrhythmias, decreased exercise tole-
rance, progressive fatigue, chest discomfort, palpitations,
fainting, or cyanosis [6].

The presence of PLSVC is important for central ve-
nous catheter placement, pacemaker implantation, and
cardiac catheterization. PLSVC is also a relative cont-
raindication for retrograde cardioplegia during cardiac
surgery [6].

To date, the choice of optimal tactics and the extent
of the proposed surgical intervention remains an open
question. In this paper, we present the experience of
heart transplantation in a recipient with an abnormal
left SVC performed by surgeons at the cardiac surgery
department No. 1.

CASE STUDY

Patient K., 52 years old, has considered himself ill
since 2004, when, without a previous coronary history,
he suffered inferior wall acute myocardial infarction
(AMI) with the development of early post-infarction
angina pectoris. Coronary artery stenting was perfor-
med on the background of acute coronary syndrome. In
2008, examination revealed thrombophilia, anticoagu-
lants were prescribed. In 2010, he underwent corona-
ry artery bypass grafting of the right coronary artery
and the circumflex branch off the left coronary artery.
According to the Holter monitoring data, paroxysmal
supraventricular tachycardia (PSVT) was registered.
In 2014, a dual-chamber cardioverter-defibrillator was
implanted. In 2018, battery depletion was detected and
a dual-chamber cardioverter-defibrillator was reimplan-
ted. On July 10, 2019, electrophysiological examination
and radiofrequency ablation of the right isthmus and
ectopic foci were performed. Control coronarography
revealed shunt stenosis, balloon angioplasty with shunt
stenting were performed on December 18, 2019 to the
circumflex branch. From February 2020, there was an
increased frequency of tachycardia attacks, cardioverter
defibrillator activation, numerous syncopal episodes.
The patient was admitted at the cardiology department
of the Shumakov National Medical Research Center of
Transplantology and Artificial Organs for examination
under the program for potential heart recipients with a
clinical diagnosis: ischemic cardiomyopathy. Coronary
artery disease: Stenosing coronary sclerosis. Postinfarc-
tion cardiosclerosis (2004, 2008). Operation: balloon-
assisted vasodilation with right coronary artery stenting,
anterior interventricular branch, circumflex artery bran-
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ches of 2005, 2006, 2007. Left marginal artery, May
28, 2018. Coronary artery bypass grafting of the right
coronary artery and circumflex artery in 2010. Shunt
restenosis to circumflex artery 80%. Balloon angioplasty
with stenting. Coronary artery bypass grafting of the
right coronary artery on December 18, 2019.

Main complication: Arrhythmias: Paroxysmal su-
praventricular tachycardia. Cardioverter defibrillator
implantation in 2014 Battery depletion and reimplanta-
tion of cardioverter defibrillator in 2018. Radiofrequency
ablation of the right isthmus and ectopic foci on July 10,
2029. Relative mitral regurgitation. Relative tricuspid
valve insufficiency. Chronic heart failure, stage 24 cir-
culatory insufficiency, NYHA Class 11l heart failure.

Concomitants: Multifocal atherosclerosis with co-
ronary and carotid artery lesions. Consequences of
ischemic stroke of April 2015. Thrombophilia. Chronic
cholecystitis. Multiple small cysts in the liver parenchy-
ma. Diffuse nodular goiter. lodine-induced subclinical
thyrotoxicosis.

Objectively: a state of moderate severity. Skin and
visible mucous membranes of physiological color. There
were no peripheral edemas. In the lungs, breathing was
rigid, occurring in all parts, no wheezing. Respiratory
rate — 17 breaths per min. Examination showed that the
boundaries of relative cardiac dullness were not expan-
ded, the cardiac impulse was not determined, the apical
impulse was determined in the fifth intercostal space
along the left midclavicular line. Clear heart sounds,
regular rhythm, a single extrasystole. Heart rate was 72

e
AN

Fig. 1. Contrast-enhanced multidetector CT imaging of the
heart. The right superior vena cava is typically located. Visu-
alized is a persistent left superior vena cava, enveloping the
left atrium along its posterior wall and flowing into the co-
ronary sinus, while the transverse vein is not defined; SVC —
superior vena cava. LSVC — left superior vena cava

beats/min. Blood pressure 100/70 mm Hg. The abdomen
was soft and painless on palpation. The liver was not en-
larged. Murphy s punch sign was negative. There were no
dysuric disorders. There were no acute focal symptoms.

General blood test, biochemical blood test, coagulo-
gram without any peculiarities.

ECG at rest had normal sinus rhythm with a heart
rate of 70/min. Myocardial scarring at the posterior
diaphragmatic region of the left ventricle. Decreased
blood supply in the scarring area, apical-lateral wall.

Frontal chest X-ray: moderate increase in pulmonary
vascular pattern was noted.

Preoperative echocardiographic data: Aorta: at the
level of the annulus fibrosus 2.7 cm. Valsalva sinus 4.2
cm. Ascending aorta 3.9 cm. Left atrium: 3.9 cm (antero-
posterior dimension); Left atrial volume 60 mL. Right at-
rium: Right atrial volume 48 mL. Right ventricle: 2.7 cm
(anteroposterior dimension), Right ventricular anterior
wall thickness 0.5 cm. Interventricular septum 1.2—1.3
cm. Left ventricular posterior wall 1.0 cm. End-diastolic
volume 197 mL; End-systolic volume 123 mL; Stroke
volume 54 mL. Ejection fraction 37%. Left ventricular
local contractility: diffuse hypokinesis. Inferior wall aki-
nesis, posterior part, interventricular septal dyskinesia.
No pathological formations. Electrodes are in the right
heart chambers. Valve apparatus: Aortic valve: 3-cusp
leaflet: sealed with Pgr 9.2 mmHg. Regurgitation degree
1. Mitral valve: Leaflets: sealed, calcium at the base of
the posterior valve of the MC. Regurgitation 1 degree.
Tricuspid valve: no features of the leaflets. Regurgitation
degree 1. Pulmonary artery: Leaflets: no particularities.
Pulmonary artery trunk diameter 2.4 cm, Pgr 4.5 mmHg,
degree 0—1 regurgitation. Systolic pressure 32 mmHg.

OPERATION

Longitudinal median sternotomy. Cardiolysis of the
aorta and the right heart was performed. The heart was
enlarged. Cannulation of the aorta and vena cava. Artifi-
cial blood circulation was started, cardiolysis continued.
The shunts from the aorta were ligated, stitched and cut
off. The ascending aorta was clamped, the recipient’s
heart was excised with technical difficulties due to the
pronounced adhesion process. PLSVC was revealed,
which entered the pericardium at the left superior pulmo-
nary vein level and flowed into the coronary sinus. The
PLSVCwas isolated from the adhesions, mobilized, and
clamped with a turnstile. A left atrial cavity was formed.
The cardiac graft was placed in the pericardial cavity.
External cooling of the graft. The left atria of the donor
and the recipient were anastomosed with a twisted su-
ture, then the right atria of the donor and recipient. Given
the long SVC stump of the donor heart, an end-to-end
anastomosis was applied between the donor SVC stump
and the recipient'’s PLSVC. The anastomosis was laid in
the transverse sinus, behind the aorta and pulmonary
artery. The donor and recipient aorta and the donor and
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recipient pulmonary arteries were anastomosed with
continuous twisted prolene suture 5-0. The clamp was
removed from the aorta to prevent air embolism. Cardiac
activity was restored after defibrillation. Drainage was
removed from the left ventricular cavity. Cardiotonic
support was selected. On the background of inotropic
drugs, artificial blood circulation was completed routi-
nely. Decannulation. Thorough hemostasis. The anterior
mediastinal cavity was drained. The pericardial and the
enclosed left pleural cavity were drained with a single
drain. A pacemaker electrode was sutured to the right
ventricle. Implantable cardioverter defibrillator with 2
electrodes was removed from a separate incision in the

right subclavian region. The sternum was sutured with
6 wire sutures. Layer-by-layer suturing of the surgical
wound and a wound in the right subclavian region.

Postoperative course: The patient was extubated
on postoperative day 1. The early postoperative period
was accompanied by myocardial insufficiency requiring
inotropic support, metabolic disorders requiring renal
replacement therapy. On postoperative day 9 against
the background of regressive myocardial and respira-
tory failure, and regression of metabolic disorders, the
patient was transferred to the department. The further
postoperative period was uneventful. He was discharged
on day 23 in a satisfactory condition.

Fig. 2. An end-to-end anastomosis of the donor SVC to the recipient persistent LSVC was performed. The anastomosis is laid
in the transverse sinus, behind the aorta and pulmonary artery. The white arrow indicates the patency and tightness of the ana-
stomosis. Ao — aorta; RA — right atrium; SVC — donor superior vena cava; LSVC — persistent recipient left superior vena cava

Fig. 3. Contrast-enhanced multispiral CT imaging of the heart. The right superior vena cava is typically located, and it is of
small diameter. The persistent left superior vena cava is visualized, anastomosis of the recipient left superior vena cava and
the donor superior vena cava is patent
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Postoperative echocardiographic results: Aorta: at
the level of the annulus 2.2 cm. Sinuse of Valsalva 3.5 cm.
Ascending aorta 3.2 cm. Left atrium: 4.5 cm (anteropos-
terior dimension) 6.5 x 3.8 (from the apical approach,).
Right atrium: 5.7 x 3.8 (from the apical approach);
Right ventricle: 2.9 cm (anteroposterior dimension); Left
ventricle: End-diastolic volume 114 mL,; End-systolic
volume 37 ml; Stroke volume 77 mL; Ejection fraction
68%. No pathological formations. Valve apparatus: Aor-
tic valve: 3 leaflets, valves are sealed with Pgr/MGr
10.0/— mmHg. 01 degree regurgitation. Mitral valve:
Leaflets: sealed. M-shaped leaf movement. No peak A.
Degree 1 regurgitation. Tricuspid valve: Leaflets: no
particularities. 1-2 degree regurgitation. Pulmonary
artery: Leaflets: no particularities. Pulmonary artery
trunk diameter 2.3 cm, Pgr 7.5 mmHg, degree I regur-
gitation. Systolic pressure 46.0 mmHg. Inferior vena
cava 1.9 cm, collapses >50% on inspiration. Pulmonary
hypertension group 1.

DISCUSSION

In cardiac transplantation, PLSVC deserves special
attention due to the peculiarities of venous return during
the operation of the heart-lung machine and formation
of the superior vena cava anastomosis.

If a well-developed unnamed vein is present, occlu-
sion of the PLSVC by simple ligation creates sufficient
venous drainage through the innominate vein. However,
if the innominate vein is small or absent, PLSVC ligation
may increase the risk of neurovascular complications [8].

Several surgical techniques during orthotopic heart
transplantation can preserve PLSVC. These surgical
approaches include end-to-end anastomosis of the left
superior vena cava to the donor’s right superior vena
cava, end-to-end anastomosis of the PLSVC to the right
atrial appendage (direct anastomosis or conduit anasto-
mosis) [8—10].

This paper presents a case of orthotopic heart trans-
plantation in a patient with PLSVC. For direct anasto-
mosis of the PLSVC with the SVC stump of the graft, it
was decided to use the biatrial heart transplantation tech-
nique, which made it possible to preserve, of sufficient
length, the donor heart’s SVC stump. When laying the
anastomosis in the transverse sinus behind the aorta and
the pulmonary artery, there were no significant kinks of
the anastomosis, which was confirmed by postoperative
examination and the absence of clinical symptoms of
venous stasis. In this case, the absence of the innominate
vein and complete ligation of the PLSVC could lead to
irreversible neurovascular complications. This technique
excluded the use of artificial conduits due to the sufficient
length of the donor heart’s SVC.

CONCLUSION

The clinical effect achieved from treatment fully
justifies the chosen surgical tactics and allows us to re-
commend the proposed tactics for treatment of such a
rare anomaly.

The authors declare no conflict of interest.
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VERIFIED CHRONIC SEVERE GIANT CELL MYOCARDITIS:
AN INEVITABLE CHOICE FOR HEART TRANSPLANTATION
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Myocarditis has polymorphic clinical manifestations and is one of the main causes of heart transplantation. We
present a clinical case of a 43-year-old female patient who was admitted to the clinic with biventricular heart fai-
lure (NYHA class 3—4). She periodically noted exacerbations of bronchitis against the background of prolonged
smoking. Twenty-one months prior to hospitalization, she first noted a shortness of breath without an obvious
connection with the infection. Her ejection fraction (EF) decreased to 34%, pleural and pericardial effusion was
revealed. Coronary angiography found no abnormalities. However, MRI showed subendocardial contrasting of the
left ventricular (LV) apex. The diagnosis was myocarditis. Within six months, the patient received therapy with
30 mg/day prednisolone and cardiotropic therapy. Her shortness of breath intensified, and the lower extremities
swelled. Examination in the clinic showed a sharp decrease in QRS voltage, QS complexes in the V1-V6 leads,
dilation of all heart chambers, thrombus in the LV apical aneurysm, 16% EF, 3.9 cm VTI, 454 mmHg dp/dt, and
a sharp increase in anticardiac antibody titers (up to 1:320). Endomyocardial biopsy was not performed due to
the patient’s rapidly deteriorating condition, the need for cardiotonics, and signs of multiple organ failure. She
was transferred to Shumakov National Medical Research Center of Transplantology and Artificial Organs, where
extracorporeal membrane oxygenation was performed; orthotopic heart transplant was successfully performed.
The patient’s condition was stable for the next year. Investigation of the explanted heart revealed a picture of giant
cell myocarditis. Issues of diagnosis, possibility of a long-term chronic course, as well as methods of treatment
of this variant of myocarditis, including the key role of heart transplantation, are discussed.

Keywords: giant cell myocarditis, heart failure, left ventricular aneurysm, anticardiac antibodies, heart
transplantation.

INTRODUCTION

Myocarditis is an inflammatory lesion of the myo-
cardium. It has various origins and it is one of the main
causes of heart failure in young people, including incura-
ble heart failure and requiring heart transplantation (HT).
Unrecognized myocarditis is often what lies behind the
diagnosis “dilated cardiomyopathy” (DCM), which com-
petes on equal terms with coronary heart disease (CHD)
as a reason for referral to HT, and according to some
reports, it is ahead of it [ 1]. At the same time, myocarditis
is a potentially curable disease, and its timely detection
can be critically important for patient prognosis.

The main problem of myocarditis diagnosis in clinical
practice, including in Russia, is the almost complete in-
accessibility of endomyocardial biopsy (EMB), an inva-
sive interventional technique that is often indispensable
for verifying myocarditis diagnosis and determining the
scope of therapy. European experts, the authors of the
first guidelines on myocarditis in 2013, consider EMB to
be absolutely necessary in all cases of suspected myocar-
ditis [2]. American experts recommend performing EMB

in acute DCM syndrome with intact coronary arteries,
inotropic support if necessary, in the presence of 2nd-
degree and 3rd-degree AV block, sustained ventricular
tachycardia or treatment failure within 1-2 weeks, i.e. if
not in all, then in very many cases of suspicion of severe
chronic myocarditis [3].

The main advantages that distinguish EMB from
all non-invasive techniques (including the best among
them — contrast-enhanced magnetic resonance imaging
of the heart) are the ability not only to make myocarditis
diagnosis reliable, but to determine its morphological
type and the presence/absence of a viral genome in the
myocardium, which largely determines the treatment
[1]. If myocarditis diagnosis (most often lymphocytic)
can be made with a high degree of probability based
on non-invasive comprehensive examination, including
the use of the proposed and tested algorithm [4], then
non-invasive diagnosis of rare and prognostically most
unfavorable histological variants without biopsy is ab-
solutely impossible.
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These variants include, first of all, giant cell myo-
carditis (GCM), which was described by S. Saltykov in
1905. Its distinctive morphological feature lies in the
presence of inflammatory lymphocytic infiltrates, in-
cluding giant cells and eosinophils, and cardiomyocyte
necrosis, but without formation of sarcoid granulomas
[4]. The true incidence of this type of myocarditis is
unknown due to the difficulties of its in vivo diagnosis;
as a rule, only descriptions of individual clinical cases
are given. The largest multicenter registries include a
few dozen patients, and transplant surgeons are the most
likely to have such observations. Each case is unique
and presents physicians with the challenge of aggressive
diagnosis and therapy, as well as timely determination
of indications for HT [5-7].

We present a clinical case of a patient with seve-
re chronic myocarditis, which illustrates the long-term
course of unrecognized GCM and the current possibili-
ties of saving the patient’s life through surgery quickly
even in the end stage of the disease.

CLINICAL CASE

Patient L., female, 43 years old, was admitted to the
Vinogradov Faculty Therapeutic Clinic at Sechenov
University on November 11, 2019, presenting with ge-
neral weakness, shortness of breath at minimal exerti-
on, nausea, swelling of the legs and feet, and increased
abdominal volume.

From medical history. Family history of cardiomyo-
pathy is not burdened. The patient is a psychologist by
profession, lives in Krasnoyarsk, travels a lot, smokes
up to 30 cigarettes a day for a long time, periodically
notes exacerbations of bronchitis with prolonged (up to
a month) cough, has not taken antibiotics, no other bad
habits. Over 20 years ago, post-tuberculous changes
were detected in her lungs; X-rays were regularly per-
formed; there were no dynamics, and she did not need
any treatment. She had a history of two spontaneous
vaginal deliveries (the last one at the age of 39), there
were no heart complications. Until 2018, she considered
herself healthy. In February, she felt unwell, difficulty
breathing without apparent fever, and regarded it as
another exacerbation of bronchitis. For 2 weeks, while
on vacation, she noted a decrease in tolerance of pre-
viously habitual physical activities. In March 2018, she
for the first time noted the emergence of severe shortness
of breath, cough, a feeling of lack of air, mainly at night,
and progressive weakness. She consulted cardiologists
on an outpatient basis, no adequate examination and
treatment was carried out.

In April, due to further deterioration in her health,
the ambulance team took her to the hospital, where she
was hospitalized. Initially, her condition was treated as
pneumonia. However, her ever-first EchoCG revealed a
decreased ejection fraction (EF) to 34% or less, diffuse
left ventricular (LV) hypokinesis, mitral regurgitation

grade 3, increased pulmonary artery systolic pressure
(PASP) to 54 mm Hg., pleural and pericardial effusion.
Coronarography showed no abnormalities. MRI revealed
delayed gadolinium accumulation mainly in the LV apex;
there was no evidence of thrombosis. The condition was
regarded as myocarditis; therapy with oral prednisolone
was administered per os 30 mg/day for 6 months (there
were no recommendations on the duration of treatment),
torsemide, beta-blockers and angiotensin-converting en-
zyme (ACE) inhibitors. Against this background, she no-
ted decreased shortness of breath. According to EchoCG
from April and June 2018, EF was 37-39%. However,
cushingoid manifestations appeared (visceral obesity,
“moon-shaped face”, “hump”), she on her own gra-
dually withdrew prednisone. Outpatient examinations
revealed elevated cytomegalovirus (CMV) IgG antibody
titers, and other herpetic viruses were detected.

In February 2019, she noted a deterioration in her
health in the form of increased shortness of breath and
increasing general weakness. The condition was regar-
ded as DCM. Ivabradine 10 mg/day, sacubitril-valsartan
200 mg/day (withdrawn due to episodes of blood pres-
sure dropping to 60/30 mmHg), digoxin 0.125 mg/day,
torsemide 20 mg/day, nicorandil 20 mg/day, eplerenone
50 mg/day were administered. Despite feeling unwell, she
went on vacation three times a year, tolerated the trips
relatively satisfactorily, and attempted unconventional
remedies. In October 2019, she noted renewed dyspnea
with minimal physical exertion, a constant feeling of
shortness of breath and nausea, increasing edema of
the legs and feet. An EchoCG test performed on October
22, 2019 revealed LV apex aneurysm, EF did not exceed
18-20%. The patient was hospitalized for further exa-
mination and treatment.

On admission, her condition was severe. Height 180
cm, weight 76 kg, BMI = 23.46 kg/m’. Body temperature
36.50 °C. Her skin was moderately pale with normal
moisture. Moderate swelling of the legs, feet, thighs.
Respiratory rate (RR) 20/minutes, hard breathing, SatO,
95%. In the lungs, breathing was vesicular in all parts
of the lungs, there was no wheezing. Dull heart sounds,
systolic murmur at the apex. Heart rate 84/min, correct
rhythm, blood pressure 70/40 mm Hg. The abdomen was
somewhat tense, painless, moderately enlarged due to
ascites. The liver and spleen were not enlarged.

Blood tests showed slight leukocytosis (10.9 % 10°/L,
lymphocytes 33.3%, neutrophils 53.2%, eosinophils
2.3%), Hb 156 g/L, platelets 273 x 10°/L, ESR 5 mm/
hour, minimal increase in AST (49 U/L), total bilirubin
(27.3 umol/L) due to direct bilirubin (11.2 umol/L), nor-
mal albumin (35 g/L), creatinine (103.3 umol/L), lipids,
electrolytes, hyperuricemia (606 umol/l). Blood group
AB (IV), Rh factor positive. Urine tests showed decrea-
sed specific gravity (1010), urobilinogen 3+.

ECG (Fig. 1) revealed a sharp decrease in QRS vol-
tage in standard leads and almost complete absence of R
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Fig. 1. Patient’s ECG upon admission at the hospital. Recording speed 25 mm/s. Sinus rhythm, sharp decrease in QRS voltage
in standard leads, QS complexes in the V1-V6 leads, minimum R waves in the II, III, aVF leads, QRS duration 120 ms, PQ

190 ms

waves (OS complexes in VI-V6 leads, minimal R in leads
1L 111, aVF); ORS lasted for 120 ms, PQ 190 ms, which
indicated a pronounced decrease in viable myocardial
volume. Holter ECG monitoring revealed no significant
ventricular arrhythmias.

EchoCG (Fig. 2) confirmed expansion of all heart
chambers (LV end-diastolic diameter 6.2 cm, end-dias-
tolic volume 155 mL, end-systolic volume 129 mL, left
atrium 4.4 cm, 87 mL, right atrium 103 mL, right ven-
tricle 3.5 cm), LV apex aneurysm lined with thrombus
(3.3 x 1.2 cm), a sharp decrease in LV contractility (EF
not exceeding 16%, VTI 3.9 cm, dp/dt 454 mm Hg), im-
paired LV diastolic function according to the pseudo-
normal type (E/A = 1.17, E/Em 9.2 at the norm <8) in
the absence of hypertrophy of its walls (interventricular
septal thickness 8 mm, posterior wall thickness 9 mm),
mitral and tricuspid regurgitation grade 3, pulmonary
hypertension (PASP 45 mmHg), small amount of fluid in
the pericardial cavity (posterior wall 1.2 cm, lateral wall
0.7 cm, front wall 0.4 cm, in the right atrium 0.7 cm).

Chest X-ray showed an enlarged heart, a calcified
focus with 7 mm in diameter in the right lung, no effu-
sion in the pleural cavities. Ultrasound confirmed the
presence of free fluid in all parts of the abdominal cavity,
the liver at the upper limit of the norm.

An MRI conducted in May 2018 showed no signs
of non-compact myocardium, a scar in the LV apex is
clearly defined, no blood clots. Cardiac MRI could not
be repeated due to the deterioration of the patient’s con-
dition.

So, there was no doubt about severe myocardial in-
jury with the development of DCM syndrome and biven-
tricular heart failure. But the nature of the lesion was
not completely clear. Emergence of dyspnea more than
2 years after her second birth did not allow us to speak
of peripartum cardiomyopathy, although we could not
completely rule out delayed decompensation of primary
(genetically determined) cardiomyopathy. Regular exa-
cerbations of chronic bronchitis and not quite distinct
connection of the onset of the disease and one of the
exacerbations of chronic bronchitis, as well as a winter
trip to India, could become a background (trigger) for
myocarditis development. Taking into account the se-
verity of decompensation in April 2018 with clinical of
anginal pain, severe dyspnea, ECG (QS complexes in all
chest leads), EchoCG (LV apical akinesis and thrombus),
and MRI (subendocardial contrasting of the apex over
50% of myocardial thickness), infarct-like debut of severe
myocarditis with its subsequent chronicity seemed to be
the most likely.

Myocarditis was also supported by a clear positive
response to medium-dose prednisolone therapy (clini-
cal and echocardiographic) in the anamnesis. However,
insufficient improvement and rapid loss of effect could
indicate insufficient monotherapy doses, a particular
myocarditis severity, its viral nature, and the presence of
an initial genetic myocardial disorder. For the first time,
blood tests for anti-cardiac antibodies revealed a con-
comitant sharp increase in antibody titers to most heart
antigens, including cardiomyocyte antigens (Table),
which indicated in favor of a highly immune component
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Fig. 2. Patient’s ECG upon admission at the hospital. a) two-chamber position, increase in the size of the left and right ven-
tricles; b) four-chamber position underlying thrombus in the left ventricular apical aneurysm; c¢) color flow Doppler, flow of
grade 3 mitral regurgitation (up to the left atrial roof); d) low cardiac output syndrome (sharp decrease in VTI)

of myocarditis. However, this did not allow to comple-
tely rule out active viral infection in the myocardium
or determine the extent of immunosuppressive therapy.

The only study that could have answered the question
about further drug treatment tactics is EMB. However,
the severity of the patient’s condition increased the risk
of this study and made the prospects for baseline the-
rapy for myocarditis questionable, especially given the
age of the disease. Despite the high likelihood of active
myocarditis, the time for its treatment was obviously

Table
Titers of various anti-heart antibodies in the blood
Indicator Result Norm
Antibodies to cardiomyocyte
. none none
nuclear antigens
Antibodies to endothelial antigens | 1:40 1:40 g?;ib()dy
Antibodies to cardiomyocyte . 1:40 antibody
X 1:320 .
antigens titer
Antibodies to smooth muscle i 1:40 antibody
. 1:320 .
antigens titer
Antibodies to antigens of fibers 1:160 1:40 antibody
of the cardiac conduction system ) titer
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missed, the only way to avoid an unfavorable outcome
seemed to be HT.

Despite attempts at complex cardiotropic therapy
(enoxaparin, furosemide, eplerenone), the patient s con-
dition did not improve during her stay in the clinic. Due
to pronounced oliguria (100—150 mL of urine for two
days) against the background of persistent hypotension
(80/60 mmHg or less), which persisted despite complete
discontinuation of bisoprolol, she was transferred to the
intensive care unit, where, as a result of constant infusion
of low doses of dopamine and administration of lasix
240 mg/day resulted in positive diuresis (3900 mL per
day) with some reduction in dyspnea. However, diuresis
decreased to 700 mL again after dopamine withdrawal
and lasix infusion continuation. EchoCG (on November
18, 2019) showed no positive dynamics (EF less than
20%, VTI 3 cm, severe valve regurgitation).

Infusion of dobutamine, lasix and potassium chloride
(due to progressive hypokalemia) was resumed, followed
by addition of norepinephrine. However, hypotension,
oliguria persisted, nausea and vomiting appeared (regar-
ded as a manifestation of ischemic hepatitis), there was
an increase in the level of liver enzymes (by November
22, the AST level was 826 IU/L, ALT— 678 U/L). Asym-
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Fig. 3. Patient’s ECG in the intensive care unit. Bedside monitor recording, speed 25 mm/s. An episode of nonsustained ven-
tricular tachycardia

Fig. 4. Results of morphological examination of the explanted heart. a) giant multinucleated cells among diffuse inflammato-
ry infiltration in loose fibrous connective tissue in the interstitium and between cardiomyocytes; b) giant multinucleated cell
among diffuse inflammatory infiltration in loose fibrous connective tissue in the interstitium and between cardiomyocytes; c)
diffuse focal mononuclear inflammatory infiltration in the edematous interstitium and in sclerosis zones; among inflammatory

cells there are multinucleated giant cells. H&E stain. 200x (a, b), 100x (c) microscope magnification

ptomatic episodes of unstable ventricular tachycardia
were recorded on the monitor screen (Fig. 3).
Multi-slice computed tomography (MSCT) of the
brain and abdominal organs revealed no volumetric le-
sions, thoracic examination revealed a group of calcified
foci, a zone of severe fibrosis, and pleural adhesions in
the upper lobe of the right lung. There was emergency
consultation with a phthisiatrician: residual changes
after spontaneously healed tuberculosis of the upper lobe
of the right lung. Performing HT was not contraindica-
ted. When prescribing immunosuppressive therapy, it
was rational to administer a course of preventive chemo-
therapy with isoniazid (0.6/day) against the background
of vitamin By (0.06/day) and pyrazinamide 1.5/day.
After consultation at the Shumakov National Medi-
cal Research Center of Transplantology and Artificial
Organs with clinical diagnosis of DCM of unspecified
genesis, she was on November 22, 2019 transferred to the
intensive care unit of the Center, where extracorporeal
membrane oxygenation (ECMO) was immediately initi-
ated. Clinical picture at the time of transfer: myocardial
infarction (necrosis) of the anterior apical localization of
April 2018. Chronic infectious-immune (viral-immune?)
myopericarditis, severe course, high degree of immu-
nological activity, in the acute phase? Left ventricular
apex thrombosis. Low ejection syndrome. Arrhythmia:
ventricular extrasystole, unstable ventricular tachycar-
dia. Relative mitral and tricuspid insufficiency grade
3. Moderate pulmonary hypertension. Chronic heart
failure, NYHA FC 3—4, stage IIB: peripheral edema,
bilateral hydrothorax, ascites. Acute ischemic hepati-

tis. CKD stage 3b. Hyperuricemia. Chronic bronchitis
without exacerbation. Post-tuberculous changes in the
right lung.

Orthotopic HT was performed on the first day of stay
at the Shumakov National Medical Research Center of
Transplantology and Artificial Organs (on the night of
November 23, 2019). Morphological examination of the
explanted heart revealed highly active giant cell myo-
carditis (Fig. 4). During the following year, the patient s
condition remained stable, there were no signs of graft
rejection.

DISCUSSION

The presented case demonstrates a number of peculi-
arities of the course and management of myocarditis in
general (and GCM, in particular), the analysis of which
seems to be very instructive for the entire team of doctors
handling such patients.

The debut of the disease and the diagnosis of myo-
carditis during that period deserve discussion. The fol-
lowing were the clinical grounds for the diagnosis of
myocarditis in March 2018: highly probable associati-
on with a respiratory infection (another exacerbation of
chronic bronchitis, rapid development of severe myocar-
dial dysfunction with increasing dyspnea, ECG changes
that were retrospectively (but not at the first visit to the
doctor) considered as infarction-like and became one of
the grounds for immediate hospitalization. At the same
time, there were no data on troponin levels in the blood
during that period, no thrombus was detected (including
by MRI) in the LV.
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Given the complete absence of CHD risk factors,
diagnosis of myocardial infarction was rejected at the
place of residence (which was also confirmed by normal
coronarograms), although the development of infarction
with unchanged coronary arteries (so-called MINOCA)
could be discussed. MRI findings indirectly confirmed
the diagnosis of myocarditis; there were no other possi-
bilities (EMB, determination of the anti-cardiac antibody
levels).

With an infarct-like onset of myocarditis, there are
several possible courses — quite favorable, typical for
young patients, easily diagnosed without the use of EMB,
does not lead to a significant drop in LV contractility
even in an acute period, does not leave irreversible con-
sequences and is not prone to chronicity and is comple-
tely different, having a particularly severe course from
the very beginning, with a diffuse drop in contractility
and a persistent EF decrease [8], as it happened in our
patient. In severe infarct-like onset of myocarditis, along
with “banal” lymphocytic myocarditis, several special
nosological forms should be considered, namely eosi-
nophilic myocarditis, myocarditis within sarcoidosis,
systemic vasculitis (eosinophilic granulomatosis with
polyangiitis), and in this series — GCM. However, with
GCM, this type of opening is described only in 6-9% of
cases [9, 10]. Even less common are LV aneurysms [11],
which are considered more characteristic of sarcoidosis
and are characterized by high arrhythmogenicity (which
was not the case in our case). Thrombus formation in the
LV indicates a particular severity of inflammation with
necrosis and endocardial involvement. In our case, de-
layed thrombus formation is likely to reflect a prolonged
inflammatory process that remains highly active.

In any variant of myocarditis, the development of per-
sistent cicatricial changes is an unfavorable prognostic
factor, which in most cases does not allow counting on a
persistent improvement in LV function as an outcome of
immunosuppressive therapy (IST) [12]. In the absence of
EMB data, several treatment options could be conside-
red — only cardiotropic therapy (which had been used for
some time, but did not give sufficient effect); immediate
referral to HT (which is practiced in such patients, but
cannot be considered optimal tactics in the absence of
an accurate diagnosis); implantation of artificial LV in
order to buy time and wait for the possible effect of drug
treatment (hardly feasible); and, finally, use of IST (in
fact, ex juvantibus therapy), which has been undertaken.

This tactic is at variance with the recommendations
by European experts, but consistent with Russian reali-
ties. In many cases, such treatment gives the desired ef-
fect, since lymphocytic myocarditis is the most common
option, and among about half of virus-positive cases,
myocarditis (associated not with herpes or enteroviruses,
but with parvovirus B19, whose impact on IST progno-
sis and effectiveness remains unclear) predominates. In
our case, administration (essentially uncontrolled) of
medium-dose prednisolone gave only short-term and in-

sufficient clinical improvement. Further treatment tactics
could not be determined without EMB.

Its implementation was one of the main objectives
of hospitalization; however, upon admission it became
obvious that the degree of myocardial dysfunction had
reached a critical level. Diagnosis of highly immune
myocarditis remained the most likely, especially based
on the results of a blood test for anti-cardiac antibodies.
EMB was not possible due to the patient’s constant need
for cardiotonic support and an increased risk of compli-
cations from the procedure. Thus, the decision to carry
out immediate HT was the only possible one; retros-
pective GCM diagnostics confirmed the correctness of
rejection from further attempts to verify the diagnosis
and IST at this end stage.

Naturally, the question arises whether a timely EMB
and GCM diagnostics at the onset of the disease with
administration of an adequate IST could change the pro-
gnosis and allow avoiding HT or performing it in a less
urgent mode. GCM is one of the rarest and probably
the most malignant forms of myocarditis. The registry
of the Shumakov National Medical Research Center of
Transplantology and Artificial Organs contains only four
cases of GCM [13]. One of the first multicenter studies of
GCM included only 63 cases, patients’ mean age was 43
years, men and women had the disease equally often [8].
The only transplant center in Finland with HT facilities
has experience diagnosing 46 cases of GCM from 1991
to 2015, with rates increasing significantly every five
years; women were twice as likely to have the disease,
with a mean age of 51 years [9].

GCM is considered to be an idiopathic autoimmu-
ne variant of myocarditis, although virus-positive cases
have also been described, e.g. fatal GCM induced by
cytomegalovirus infection [12]. In our patient, GCM may
have been supported by maximal anti-cardiac antibody
titers (despite IST performed a year ago), but this sign is
not absolutely specific for GCM, it only suggests the po-
tential benefit of aggressive IST. GCM may indicate the
presence of other autoimmune diseases, which are asso-
ciated with GCM in 15-19% of cases [4, 8, 9] — primarily
thymomas with the development of myasthenia gravis,
which is characterized by the appearance of antibodies
to a wide range of muscle antigens (to acetylcholine
receptors, titin, myosin, smooth muscles, [14]), as well
as ulcerative colitis, rheumatoid arthritis, polymyositis,
Graves’ disease, lymphoma, etc. The high activity of
the disease with massive myocardial injury explains the
high sensitivity of MRI (100%) and positron emission
tomography (93%) [9]. However, there is no visual pat-
tern specific to GCM.

The optimal extent of IST in the treatment of GCM
has not been determined, although there is no doubt about
its feasibility — GCM is one of the few myocarditis op-
tions for which IST is definitely recommended [2]. Euro-
pean and American experts also agree that GCM requires
a more aggressive IST than other myocarditis options.
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Over 20 years ago, an international GCM study group
recommended the use of a 3-component combination
(prednisolone, azathioprine and cyclosporine), although
HT remained the method of choice [8]. Taking into ac-
count the importance of T cells in the pathogenesis of
GCM, the use of muromonab-CD3 and antithymocyte
globulin in addition to cyclosporine is being developed
[15]. Attempts are being made to use cytostatics and
bioactive drugs (methotrexate, mycophenolate mofe-
til, sirolimus, tacrolimus, rituximab, basiliximab, [16]),
many of which are also used in transplantology.

However, according to various data, adverse outco-
mes (death and/or HT) can be avoided only in 11-42%
of cases, depending on the extent of IST [4]. In a 1997
study, there were 89% adverse outcomes (with a mean
time of just 5.5 months from symptom development) [§8].
A five-year graft-free survival of 42% in a recent Finnish
study was achieved with combined IST (70% of pati-
ents), ICD implantation in 57%, and was associated with
less necrosis and fibrosis on EMB, as well as baseline
troponin levels (also reflecting the severity of necrosis)
of <85 ng/L and a positive response to treatment — an
increase in EF by 5% or more, a decrease in NT-proBNP
levels by 1000 ng/L or more [9].

Unusual for GCM is the prolonged chronic course
with periods of improvement observed in our patient. In
typical cases, GCM proceeds as fulminant, i.e. it requires
intensive cardiotonic and respiratory support already in
the acute period [5]. Its most common manifestations are
acute heart failure, ventricular arrhythmias, blockages,
and cardiogenic shock. Most often, it is in the acute
period of GCM that the use of mechanical circulatory
support is required, including ECMO, which is one of
the most effective technologies for GCM. In the French
intercenter register of fulminant GCM, it was applied in
85% of cases and ended with HT in 8 out of 11 patients;
in 87% of fulminant GCM cases, HT or death was not
avoided. However, EMB and IST were performed in a
smaller proportion of patients, which brings this register
closer to our observation [17]. We should refer to the ex-
perience of E. Ammirati from Milan, who conducts EMB
even in patients on ECMO and total anticoagulation,
understanding the critical importance of accurate GCM
diagnosis for determining further treatment tactics [4].

Our patient required ECMO only in the end stage
of the disease as a bridge to successful HT, which re-
flects a more favorable course of her GCM for almost
two years. Regarding the possibility of a long course
of GCM, it is worth noting the encouraging results ob-
tained in a recent multicenter study, which included 26
patients with GCM. After 1 year, the 5-year survival rate
without transplantation was 72%, the maximum period
reached 20 years. However, the work does not contain
information about patients who died or underwent HT
in the first year of the disease [5]. In any case, it can be
judged that the successful experience of the first year is
a favorable prognostic sign. Cases of more than 10-year

course of GCM with maintenance of EF at 30—35% level
through cardiotropic therapy and IST, but still HT in the
outcome of the disease have been described [18]. With
timely diagnosis of GCM and adequate IST, one could
hope for a similar variant of the course in our patient.

The special significance of GCM in the practice of
transplantologists depends on the possibility of its recur-
rence in a transplanted heart (which once again proves
its autoimmune nature). The relapse rate in 1997 was
26%. In 1 case out of 9, GCM recurrence resulted in
death [9]. Probably, no other myocardial disease has such
a malignant course. At the same time, improvement in
IST protocols after HT, including in patients with GCM,
has led to significant decrease in the number of relapses.
Thus, in the French registry (the results were published
in 2018), not a single case of GCM development in the
transplanted heart was reported [18, 19]. An increased
risk of acute rejection has also been reported in pati-
ents with GCM compared with DCM (16% vs 5%, p =
0.021), but 1.5 and 10-year survival rates do not differ
from those for other HT reasons (94%, 82% and 68%,
respectively) [20].

Our patient showed no signs of GCM rejection or
recurrence by the end of the first year.

CONCLUSION

Giant cell myocarditis is one of the rarest and most
severe forms of myocarditis that cannot be definitely
diagnosed by any method (including MRI) other than en-
domyocardial biopsy. Acute development of severe heart
failure, up to cardiogenic shock, is typical for GCM. Au-
xiliary blood circulation is often required in the first days
of the disease; much less typical is the infarction-like
debut with aneurysm formation, noted in the presented
case. Its feature was a weak and short-lived, but distinct
positive response to monotherapy with medium doses of
prednisolone, which are usually completely insufficient
for GCM treatment, and a long (almost two years) re-
latively favorable course of the disease. The particular
severity of myocarditis and the need for aggressive im-
munosuppression could be indicated by sharply increa-
sed titers of anti-cardiac antibodies. However, the time
for performing EMB and conducting an adequate IST
was missed, which made HT the only reasonable and
possible way out. The severity of the patient’s condition
at the time of transfer to the Shumakov National Medical
Research Center of Transplantology and Artificial Or-
gans made it necessary to immediately connect ECMO
and perform urgent HT on the first day of hospitalization.
Despite the risk of recurrence in the transplanted heart,
HT remains the treatment of choice for the majority of
patients diagnosed with GCM both preoperatively and
retrospectively.
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The vanishing bronchus intermedius syndrome is a type of peripheral bronchial stenosis that develops in lung
recipients within two to nine months after transplantation. Lack of timely diagnosis and effective treatment leads
to increased mortality and poor quality of life. The clinical case presented demonstrates the successful long-term
treatment of vanishing bronchus intermedius syndrome in a lung recipient using interventional bronchoscopy.
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INTRODUCTION

According to leading transplant centers, bronchial
complications following a lung transplantation develop
in 2—18% of cases [1-8]. Among the complications, the
most common is bronchial stenosis, whose frequency
varies from 1.4 to 32% [9, 10], which undoubtedly de-
monstrates a high interest in methods aimed at timely
diagnosis and correction.

Bronchial stenosis most often develops within 2-9
months after surgery, but sometimes they can be diag-
nosed even several years after transplantation [11]. Ac-
cording to the International Society for Heart and Lung
Transplantation, bronchial stenosis in the lung graft is
divided into central and peripheral. Central bronchial
stenosis is located at the bronchial anastomosis or within
2 cm of the anastomosis, while peripheral is at a distance
of more than 2 cm from the suture line, in the proximal
direction [5].

Bronchus intermedius stenosis is one of the varieties
of peripheral stenosis, which is observed in 2-5% of do-
nor lung transplant cases. A condition characterized by a
recurrent course due to the absence of a long-term effect
of treatment, resulting in intermedius bronchus atresia,
is called the vanishing bronchus intermedius syndro-
me (VBIS) [5, 12—-14]. According to S. Shah et al., the
mean survival of lung recipients after VBIS diagnosis
is about 25.3 months [15]. According to S. Murthy et al,
recurrent stenosis after endoscopic correction occurs in
35% of cases, and with repeated intervention can reach
up to 70% [3].

Due to the emergence of new transplant centers in
Russia and the dynamic development of lung transplan-
tation programs in leading clinics, the VBIS has become

undoubtedly a pressing issue, which makes it necessary
to systematize the accumulated experience and demons-
trate cases of effective treatment. The paper describes
a case of successful long-term treatment of recurrent
bronchus intermedius stenosis (vanishing bronchus in-
termedius syndrome), which developed 2 months after
lung transplantation, using multimodal interventional
bronchology methods.

CLINICAL CASE

In September 2017, a woman born in 1988 (29 years
old) was referred to the Shumakov National Medical Re-
search Center of Transplantology and Artificial Organs
in Moscow. Her diagnosis was cystic fibrosis (F508del/
F508del/3272-16T>A), mixed form, severe course. Chro-
nic suppurative obstructive bronchitis. Diffuse bron-
chiectasis. Diffuse pneumosclerosis. Type 3 respiratory
failure. Chronic pancreatitis. Polypoid rhinosinusitis
with nasal polyps, grade 2 — for examination to clarify
the indications and exclude contraindications for lung
transplantation.

From the patient s medical history, frequent episodes
of respiratory diseases were known from early childhood.
Cystic fibrosis was diagnosed at the age of 14. Since that
time, chronic respiratory infection with Pseudomonas
aeruginosa has been diagnosed. In 2005 and 2012, the
patient gave birth to two healthy children. Since 2009,
chronic respiratory infection with the Burkholderia ce-
pacia complex has been diagnosed. In the period from
2016 to 2017, there was a sharp deterioration in the con-
dition, in the form of progression of respiratory failure
phenomena with a need for constant oxygen insufflation

(up to 3—4 L/min flow).
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Examination results confirmed the lung injury to be
in its end stage. Chest CT scan revealed a bullous-cystic
transformation of both lungs with multiple bronchiecta-
sis. Assessment of external respiratory function (ERF)
showed: vital capacity (VC) — 1.77 L (47%), forced ex-
piratory volume (FEV,) — 0.66 (21%), Tiffeneau-Pinelli
index — 37.2. Analysis of arterial blood gas compositi-
on showed pronounced hypoxemia stage 2—3: pO,— 42
mm Hg, pCO,— 65 mm Hg. Microbiological analysis of
sputum culture revealed a multidrug-resistant Burkhol-
deria cepacia complex. Due to the progressive course of
the underlying disease, lack of other effective treatment
methods and futility of further conservative therapy, the
patient was in September 2017 waitlisted for a deceased-
donor lung transplantation. The waiting time for an or-
gan from a deceased donor was 12 months.

On October 2, 2018, bilateral sequential lung trans-
plantation was performed without the use of artificial
circulation techniques.

The donor was a 38-year-old woman diagnosed with
brain death as a result of acute hemorrhagic cerebral
circulation disorder. Brain death was established on the
basis of the current legislation (order No. 908n of the Mi-
nistry of Health of the Russian Federation, dated Decem-
ber 25, 2014). The donor's lungs were under artificial
ventilation for 24 hours; blood gas composition (100%
oxygen fraction) in arterial blood — pO,— 520 mm Hg.,
pCO, — 36 mm Hg., there were no episodes of hypoten-
sion and cardiac arrest during the donor conditioning
period. The donor lungs were harvested according to the
standard technique within the framework of multi-organ
explantation. Celsior (IGL, France) with a 4-liter volume
was used as a preservative solution.

Lung transplantation surgery lasted for 10 hours 3
minutes. The intraoperative period was uneventful. Cold
preservation of the right and left lung graft lasted for 6
hours 20 minutes and 9 hours 50 minutes respectively.
Due to pronounced mismatch between the diameters of
the donor’s and recipient’s bronchi, bronchial anasto-
moses were performed telescopically, by intussusception
of the donor s bronchial stump into the recipient’s main
bronchus.

The patient was extubated on postoperative day 2.
The early postoperative period was uneventful and wit-
hout significant clinical events. The drains were removed
on postoperative day 3 and day 5. There were no signs
of graft dysfunction. During hospitalization, sputum
microbiological analysis showed occasional spread in
Klebsiella pneumoniae without Burkholderia serasia
complex isolation. Laboratory and imaging indicators
by the end of postoperative week 3: ERF: VC — 1.88 L
(54%), FEV, — 1.79 (59%), Tiffencau-Pinelli index —
83.4; Capillary blood pH (in atmospheric air): pO,— 79
mm Hg, pCO, — 38 mm Hg, SpO, in atmospheric air
96-97%. The patient was discharged on postoperative
day 28 in a satisfactory condition with three-component

immunosuppressive therapy (tacrolimus, methylpredni-
solone, mycophenolate mofetil). Concomitant therapy
included: antibacterial, antiviral, antifungal and inhaled
bronchodilators, gastroprotective therapy. The patient
was regularly examined according to the donor lung
recipient monitoring protocol.

Two months after transplantation, the patient comp-
lained of cough with difficult discharge of scanty amount
of sputum, recurrent fever up to febrile digits, and short-
ness of breath during physical exertion. Outpatient ex-
amination revealed a slight decrease in external respi-
ration indicators: (VC — 2.03 L (54%), FEV,— 1.76 L
(55%), Tiffeneau-Pinelli index — 87). Bronchoscopy re-
vealed cicatricial occlusion of the bronchus intermedius
(Fig. 1, a). Chest CT scan revealed an X-ray picture of
inflammatory infiltration of the middle and lower lobes
of the right lung (Fig. 1, b). Laboratory tests demonst-
rated an increase in inflammation markers.: C-reactive
protein 154 mg/L, leukocytosis of up to 12,000 with a
left shift in leukocyte formula. Microbiological exami-
nation of bronchoalveolar lavage revealed respiratory
tract reinfection with Burkholderia cepacia complex and
Klebsiella pneumoniae.

Taking into account the clinical and radiological
picture of middle and lower lobe obstructive pneumo-
nia, endoscopic balloon bougienage of the intermediate
bronchus stenosis (Endo-Flex dilation balloon, 7 Fr,
three-step, Germany) was performed in the operating
room using rigid bronchoscopy on December 17, 2018.
Antimicrobial therapy included antibiotics (meropenem,
co-trimoxazole, piperacillin + tazobactam), antifungal
drugs (fluconazole), inhalation therapy (colistin, ampho-
tericin). In order to prevent recurrent stenosis, mofetil
mycophenolate was converted to everolimus with the
target concentration of 4-5 ng/mL. Against the back-
ground of the treatment, bronchoscopy and computed
tomography showed positive dynamics in the form of for-
mation of a stable bronchus intermedius lumen 5—6 mm
in diameter, reduced area and intensity of inflammatory
infiltration of the middle and lower lobe of the right lung
(Fig. 2, a, b). The patient was discharged on day 12 after
balloon bronchoplasty for bronchus intermedius stenosis
in a state of positive clinical, laboratory and imaging
dynamics. ERF indicators at the time of discharge from
the hospital: VC —2.04 1 (58%), FEV, — 1.83 L (60%),
Tiffeneau-Pinelli index — 89.7.

Four months after transplantation and 2 months after
balloon dilatation for cicatricial stenosis, the patient
noted renewed signs of respiratory failure. Bronchoscopy
(outpatient examination) revealed recurrent bronchus
intermedius stenosis of up to 3—4 mm (Fig. 3, a). Chest
CT scan showed the areas of inflammatory infiltration in
the middle and lower lobes of the right lung (Fig. 3, b).
According to ERF data: VC—1.85L (52%), FEV,—1.74
L (54%), Tiffeneau-Pinelli index — 85.9.
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Fig. 1. Cicatricial occlusion of the bronchus intermedius: a — endoscopic picture of the occlusion of the bronchus intermedius
(indicated by arrows); b — CT signs of occlusion (indicated by an arrow)

Fig. 2. Resolution of bronchus intermedius stenosis; a, b — lumen of the bronchus intermedius (indicated by arrows)

As part of complex treatment, antibacterial therapy
was prescribed according to the scheme: meropenem, co-
trimoxazole, piperacillin + tazobactam. Under general
anesthesia, with rigid bronchoscopy, two consecutive
endoscopic balloon bougienage of stenosis in the bron-
chus intermedius area were performed on January 31,
2019 and February 11, 2019 in combination with argon-
plasma coagulation of scar tissue, until a lumen of 5—6
mm in diameter was achieved.

Within the next month after stenosis correction, while
in hospital, the patient suffered recurrent right-sided
middle and lower lobe pneumonia associated with multi-
drug-resistant Burkholderia cepacia complex, complica-

ted by type 2 respiratory failure symptoms (up to 58 mm
Hg arterial blood hypoxemia, up to 90% desaturation
in the open air).

Six months after lung transplantation and four months
after manifestation of recurrent bronchus intermedius
stenosis, which required a series of balloon broncho-
plasty, it was decided to stent the bronchus intermedius
with an uncoated balloon-expanding nitinol stent due to
the unstable effect of treatment. This type of stent was
chosen due to persistent Burkholderia cepacia — associa-
ted pneumonia and the need to maintain effective muco-
ciliary clearance in the stenting area. Stent implantation
performed with rigid bronchoscopy (Fig. 4, a, b), made
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it possible to carry out long-term scheduled sanitation of
the bronchial tree, which was necessary due to persisting
right-sided lower and middle lobe pneumonia.

Prolonged implantation of the uncoated bronchial
stent (1.5 months) resulted in its partial obstruction due
to the growth of scar-granulation tissue in its lumen.
On May 27, 2019, the stent was extracted with rigid
bronchoscopy (Fig. 5, a, b).

During dynamic observation, the bronchus intermedi-
us with preserved skeletal function and a lumen passable
for a 6-mm bronchoscope, which, together with positive

clinical, laboratory and imaging dynamics, allowed the
patient to be discharged for outpatient observation.
Nine months after lung transplantation, 7 months
after the onset of vanishing bronchus intermedius syn-
drome and 1 month after removal of the uncoated nitinol
stent, the patient again began to experience shortness
of breath during moderate physical activity. Broncho-
scopy revealed recurrent bronchus intermedius stenosis
of up to 2 mm (Fig. 6, a). On September 1, 2019, using
rigid bronchoscopy, repeated endoscopic restenting of
the bronchus intermedius was performed with a self-

Fig. 3. Development of restenosis after balloon dilatation; a — narrowing of the lumen of the bronchus intermedius; (d ~ 3-4

mm); b — CT signs of pneumonia (indicated by arrow)

Fig. 4. Stenting of the bronchus intermedius with an uncoated self-expanding nitinol stent; a — balloon dilatation of the bron-

chus intermedius; b — stent in the bronchus intermedius
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Fig. 6. Stenting of bronchus intermedius restenosis; a — up to 2 mm bronchus intermedius restenosis; b — re-stenting of the
bronchus intermedius with a self-expanding nitinol stent d = 8§ mm

expanding nitinol stent with 8 mm diameter and 19 mm
length (Boston Ultraflex, USA) (Fig. 6, b).

For 6 months after restenting, the patient s condition
remained stable, with no signs of respiratory failure. Re-
gular endoscopic examinations showed adequate lumen
throughout the bronchus intermedius.

At 16 months after lung transplantation, 14 months
after the onset of vanishing bronchus intermedius syn-
drome, and 7 months after repeated restenosis with rou-
tine endoscopic follow-up, signs of recurrent stenosis
were revealed in the proximal edge of the previously
implanted stent (Fig. 7, a, b).

On February 1, 2020, with rigid bronchoscopy, the
stent was removed from the bronchus intermedius, cryo-
ablation of the cicatricial stenosis area was performed.
In order to achieve hemostasis after stent extraction, we
used electrosurgical methods. After 5 days, after achie-
ving clear positive dynamics in the bronchial mucosa
repair processes after application of electrosurgical me-
thods of hemostasis, repeated stenting was performed
using a similar self-expanding nitinol stent with a 10 mm
diameter (Fig. 7, c).

Within six months after the last restenting, there were
no signs of recurrent bronchus intermedius stenosis du-
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Fig. 7. Conversion of an 8 mm-diameter nitinol stent to a 10 mm-diameter nitinol stent; a — proximal edge of the stent (d ~
4-5 mm); b — distal and middle third of the stent (d ~ 8 mm); ¢ — after placement of a self-expanding nitinol stent (d = 10 mm)

Fig. 8. View of the stent in the bronchus intermedius 6 months after implantation; a — proximal edge of the stent; b — distal
edge of the stent; c — area of bifurcation of the bronchus intermedius

ring routine examinations, the function of the transplan-
ted lungs was satisfactory (VC —2.93 L (84%), FEVI —
2.16 L (71%), Tiffeneau-Pinelli index — 74%), clinical,
laboratory and imaging parameters were within normal
range. During endoscopic examination, the stent in the
bronchus intermedius was correctly positioned, the stent
lumen was passable, there were no marginal scar and
granulation changes (Fig. 8).

DISCUSSION

Stenoses are the most common type of bronchial com-
plications in the long term after lung transplantation [9,
16, 17]. To date, there is no consensus and comprehensi-
ve understanding of the mechanisms of development of
bronchial stenosis and, in particular, vanishing bronchus
intermedius syndrome. The opinion of the majority of
authors leans in favor of telescoping bronchial anasto-
mosis and highly virulent infection persisting in the tra-
cheobronchial tree as the main factors in the development
of bronchus intermedius stenosis. Other authors note
the importance of such factors as duration of artificial
ventilation, duration of cold ischemia of the lung graft,
ischemia-reperfusion injury of the graft, impaired blood
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supply to the tissues of the bronchial tree as a result of
bronchial artery transection [2, 4, 16, 18].

The main causes for the development of VBIS in our
observation were: telescoping bronchial anastomosis
(used due to marked differences in the lumen diameters
of the recipient’s bronchus and the donor’s bronchus)
and presence of chronic respiratory infections Pseudo-
monas aeruginosa and Burkholderia cepacia, and later
Klebsiella pneumoniae.

Within 2 months after VBIS manifestation in the form
of obstructive pneumonia, our treatment strategy was
limited to staged balloon bougienage. Shortening of the
duration of the positive effect of the interventions thre-
atened the re-development of bronchial obstruction with
an outcome of middle and lower lobe pneumonia. In or-
der to preserve an adequate bronchus intermedius lumen,
providing effective evacuation of the airway contents of
the middle and lower lobes of the right lung, stenting of
the recurrent stenosis area with an uncoated nitinol stent
was performed. Despite the risks of infiltration, up to
complete obstruction, uncoated metal stent was chosen,
which made it possible to maintain effective mucociliary
clearance in the implantation area and thereby avoid ag-
gravating the course of the infectious process and achieve
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resolution of inflammatory-infiltrative changes in the
right lung. Removal of an uncoated metal stent partially
overgrown with cicatricial-granulation tissue naturally
required the use of endoscopic electrosurgical methods
of hemostasis. Repeated interventions in the form of
staged balloon or electrosurgical bronchoplasty with
implantation of stents made it possible to achieve stable
long-term effect in the form of preserving the bronchus
intermedius lumen, sufficient for satisfactory external
respiration indicators. Thus, as of August 2020, the du-
ration of effective correction of the vanishing bronchus
intermedius syndrome is 21 months. Clinical, laboratory
and imaging assessment showed no signs of respiratory
failure and graft dysfunction.

Strict outpatient and remote monitoring, together
with active use of observational and interventional bron-
chology techniques, are effective measures for the timely
diagnosis and surgical correction of severe bronchial
complications threatening the development of lung graft
dysfunction and reduction in the quality and life expec-
tancy of lung recipients.

The authors declare no conflict of interest.
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Progressive familial intrahepatic cholestasis type 2 (PFIC-2), formerly known as Byler’s syndrome, is an autosomal
recessive disorder. In infancy or early childhood, this disease leads to end-stage hepatic disease, in which liver
transplantation is the only radical treatment. In general, liver transplantation outcomes are good, but in the long
term, PFIC-2 may reoccur. We present a case where a girl, aged 28 months, who suffered from cirrhosis resulting
from PFIC-2, underwent a related transplantation of the left lateral sector of the liver (her grandmother as the
donor). Punch biopsy was performed 8 years after the liver transplant due to graft dysfunction. Histopathology
revealed a recurrent PFIC-2. F4. Increased liver failure was the reason for retransplantation of the left lobe of the
liver also from a related donor (mother). Pathological pictures in the biopsy specimen and in the liver removed
during retransplantation were identical, which once again confirmed PFIC-2 recurrence.

Keywords: recurrent progressive familial intrahepatic cholestasis, PFIC-2, hepatocyte dystrophy,

multinucleated cells.

Progressive familial intrahepatic cholestasis (PFIC)
is a heterogeneous group of diseases with an autosomal
recessive inheritance. In PFIC, bile formation is impaired
and hepatocellular cholestasis develops. Currently, there
are six known types of pyelonephritis [1, 2]. Among
them, PFIC type 2 (PFIC-2), formerly known as Byler
disease, is characterized by a mutation in the ABCB11
gene, which encodes the BSEP transport protein. Its ab-
sence in the canalicular membrane of hepatocytes cau-
ses cholestasis and leads to liver fibrosis and end-stage
disease in the first decade of life [3].

In PFIC-2, the main clinical symptoms are cholestasis,
pruritus, and jaundice. In the blood serum, the activity of
gamma-glutamyl transferase is within the normal range
[4, 5]. Diagnosis is based on clinical manifestations, liver
ultrasound, cholangiography, and liver histology [5]. An
analysis of the results of palliative operations in child-
ren showed a decrease in pruritus and cholestasis [6—8].
However, liver transplantation remains the uncontested
radical treatment method.

In general, the outcomes of liver transplantation in pa-
tients that have had PFIC-2 are good [9]. However, more
recently, there have been reports that PFIC-2 patients
after liver transplantation develop recurrent cholestasis
along with clinical and histological signs of primary
disease. Recurrence of the disease is associated with the
emergence of autoantibodies against the BSEP protein,
which inhibits the transport activity of the bile salt pump
and causes severe cholestasis [3, 10—13].

This study reports on one of the cases where his-
tological signs of recurrent PFIC-2 were found while
examining transplanted liver biopsy specimens.

OWN OBSERVATION

On November 26, 2009, a 28-month-old girl with
PFIC-2 cirrhosis underwent a related orthotopic left
lateral liver transplantation from her grandmother. The
removed native liver weighed 630 g, measured 19 x 15 X
11 x 6 cm, and had a brown-green surface, slightly gra-
nular. In the cut, the liver was greenish-brown, the bile
ducts, mainly in the area of the gate, were dilated, filled
with thick bile and sand.

Histological examination. The hepatic beam and lo-
bular structure is disturbed. Hepatocytes were 2—3 times
enlarged compared to the norm, in a state of marked pro-
tein degeneration, necrosis of individual cells (Fig. 1).
There was a large number of multinucleated giant cells.
Intracellular cholestasis. There was stagnation of bile
in the dilated bile capillaries. Foci of accumulation of
polynuclear leukocytes and their debris in sinusoids. In
the sclerosed portal tracts, the bile ducts were preserved,
vascular congestion (Fig. 2). Porto-portal and porto-
central septa with insignificant infiltration of lymphoid
cells, with an admixture of polynuclear leukocytes and
moderately pronounced ductuloneogenesis. Histological
diagnosis: liver cirrhosis resulting from PFIC-2.

The early postoperative period was uneventful. The
patient was discharged in a satisfactory condition under
outpatient supervision. Graft function remained satis-
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Fig. 1. The girl is 28 months old. Native liver. Giant hepato-
cyte dystrophy. Visible among them are multinucleated cells.
H&E stain. 400x magnification

Fig. 2. The girl is 28 months old. Native liver. Red thrombus
in the vein of the sclerosed portal tract. Lymphocytic infilt-
ration of the portal tract and septa. F4 (by METAVIR). H&E
stain. 400x magnification

Fig. 3. At 2 years and 8 months after liver transplant. Needle
biopsy of the transplanted liver. Giant hepatocyte dystrophy.
H&E stain. 400x magnification

factory. There were episodes of intercurrent infectious
diseases (acute respiratory and intestinal). Routine the-
rapy was administered.

The patient s condition was satisfactory until August
2012. Her immunosuppressive therapy included prograf
1.5 mg per day, methylprednisolone 6 mg per day, and
CellCept 500 mg per day. Plasma creatinine level was
19.6 mmol/L, blood plasma urea 2.57 mmol/L, bilirubin
150 mmol/L, AST 67.8, and ALT 59.6. The patient s body
weight was 21 kg. The blood level of prograf was 8.8
mg/mL.

Transcutaneous needle biopsy of the transplanted
liver was performed on August 2, 2012 due to signs of
dysfunction of the transplanted liver. The biopsy speci-
men showed abnormal lobular and beam structure of

Fig. 4. At 2 years and 8 months after liver transplant. Needle
biopsy of the transplanted liver. Sclerosis of the portal tract
and septal sclerosis. F2 (by METAVIR). H&E stain. 400x
magnification

the liver, pronounced diffuse protein dystrophy and mi-
cro-focal necrosis of hepatocytes (Fig. 3). Porto-portal
and porto-central septa with hemorrhages, moderate
inflammatory infiltration, mild proliferation of the bile
ducts (Fig. 4). Severe perivenular fibrosis of the central
vein wall. Focal small-droplet fatty degeneration of he-
patocytes.

The patient developed itchy skin from October 2018,
with increasing severity. The itching was ruled out to
have allergic, mechanical, or infectious origin. By Fe-
bruary 13, 2019, clinical-laboratory and imaging signs
of liver graft dysfunction were identified. Cytolysis level
1044/1444, total bilirubin level 84, direct bilirubin 44,
albumin 28 g/L. Immunosuppression. tacrolimus 2 x 2
times a day. The patient’s body weight was 33 kg.
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Fig. 5. Material from a needle biopsy of the transplanted liver
8 years and 11 months after surgery. Dystrophic changes not
only in the cytoplasm of giant hepatocytes, but also in the
nuclei, which look like an “hourglass”. H&E stain. 400x ma-
gnification

Fig. 7. Material from percutancous needle biopsy of the
transplanted liver at eight years and 11 months after surgery.
Dystrophic changes in giant hepatocytes in the false lobules.
F4 (by METAVIR). H&E stain. 400x magnification

A second biopsy of the transplanted liver was per-
formed on February 14, 2019. Histological examination
found that the changes in the graft were similar to those
described in the material of the previous biopsy. The
beam and lobular structure of the liver was abnormal.

There were severe granular and focal ballooning de-
generation of hepatocytes, multinucleated hepatocytes.
Unlike the previous biopsy, there was a large number of
cells with “sandy” nuclei (Fig. 5). Severe portal tract
fibrosis, formation of varying width of porto-portal septa.
Portal triads were infiltrated by mononuclear cells, with
single newly formed bile ducts; bile duct epithelium was
preserved (Fig. 6, 7). There was intracellular accumu-
lation of bile pigment granules, mainly in hepatocytes

Fig. 6. Material of percutaneous needle biopsy of the trans-
planted liver at 8 years and 11 months after surgery. Lym-
phocytic infiltration of the portal tract and septa. F4 (by
METAVIR). On the periphery of the septum are giant and
multinucleated hepatocytes. H&E stain. 400% magnification

located periportally, bile stagnation in single small bile
ducts. Immunofluorescence revealed small granular de-
posits of the C4d complement fragment in the portal
tracts and in single sinusoids.

Based on the clinical picture and results of needle bi-
opsies of the transplanted liver, a histological diagnosis
was made: recurrent PFIC-2. F4.

Thus, the study results showed that 8 years after the
liver transplant, the graft developed changes similar to
the pathology of its own liver. In this regard, as well as
in connection with the increase in liver failure, the girl
underwent retransplantation of the left lobe of the liver,
also from a related donor (mother) on June 19, 2019.
The pathological picture in the biopsy specimen and in
the liver removed during retransplantation was identical,
which once again confirmed recurrent PFIC-2.

DISCUSSION

Recurrent PFIC-2 is a rare post-liver transplant
complication. Only one relatively old publication [14]
reported on 6 patients with PFIC-2 who developed a
recurrence of the disease. The rest of the publications on
this topic are devoted to single cases [3, 10—13].

In our case, it is not possible to determine the timing
of the onset of recurrent PFIC-2, since the first clinical
signs of transplanted liver failure appeared 2 years and
8 months after the operation. At the same time, the first
percutaneous needle biopsy of the graft was performed.
Histological examination of a biopsy specimen of the
transplanted liver revealed a several-fold increase in the
size of hepatocytes due to edema, which was associated
with the absence of the BSEP protein, which ensures
transport of bile salts from hepatocytes [3, 10—13]. There
were also multinucleated hepatocytes, which, according
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to literature [13], are a distinctive histological feature
of PFIC-2. Intracellular accumulation of bile acids led
to development of portal tract sclerosis and appearance
of septa (F2). The peculiarity of our case is that the end
stage of liver failure developed six and a half years after
the appearance of its first signs, when the second biopsy
revealed cirrhosis of the graft. Interestingly, hepatocyte
pathology in the second biopsy was similar to hepatocyte
changes in the much earlier, first biopsy. A distinctive
feature was the appearance of a large number of he-
patocytes with “sandy nuclei”, which, in our opinion,
indicates a more severe degeneration.

MAIN PROVISIONS BASED
ON THE ABOVE CASE

— Typical histological changes in the transplanted liver
upon return of PFIC-2: severe hepatocyte degenera-
tion, a several-fold increase in hepatocyte size, mul-
tinucleated hepatocytes.

— Upon return of PFIC-2, the first clinical signs of trans-
planted liver failure appear according to the histologi-
cal changes in hepatocytes and the presence of liver
fibrosis of at least F2 (according to METAVIR).

— Upon return of PFIC-2, the end-stage of the trans-
planted liver failure corresponds to the histological
picture of liver cirrhosis.

The authors declare no conflict of interest.
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COVID-19 IN DECOMPENSATED CIRRHOSIS
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Elderly patients with diabetes, hypertension and obesity are at risk of severe course of the novel coronavirus
infection COVID-19. Patients with chronic liver disease are also at high risk of severe course and death due to
SARS-CoV-2. Case report. Patient D., 65 years old, since 2010, was observed for Child-Pugh class B-C cir-
rhosis of mixed etiology (alimentary and metabolic), type 2 diabetes. He was hospitalized on May 17, 2020 due
shortness of breath, increased encephalopathy and CT signs of bilateral polysegmental pneumonia, involving
about 75% of the lung tissue (CT-scan indicates possible COVID-19-associated pneumonia). Despite repeated
negative results of PCR test targeting SARS-CoV-2 viral RNA, the clinical picture and CT scans pointed at the
novel coronavirus infection COVID-19 (virus not identified). Because of decompensated cirrhosis, the patient
decided to refrain from antiviral and anticytokine therapy. Oxygen therapy, positional therapy, antithrombotic
therapy (fondaparinux sodium), antibacterial therapy (ceftriaxone, then levofloxacin), infusion of 20% albumin
solution and fresh frozen plasma were carried out. Due to increasing hypoxemia, the patient was transferred to the
ICU and placed under mechanical ventilation. Despite all measures, he developed symptoms of multiple organ
failure and died of asystole. Discussion. Mortality in chronic liver diseases, including cirrhosis, under the novel
coronavirus infection caused by SARS-CoV-2, reaches 40% [4]. Factors aggravating the novel coronavirus disease
in such patients include immune-mediated liver cell damage, direct cytotoxicity resulting from viral replication
in hepatocytes, hypoxia, drug-induced liver injury, and reactivation of previously latent liver diseases (including
hepatitis B and C virus). Conclusion. In the above clinical case, end-stage lung disease (CT stage 3—4), compli-
cated by disseminated intravascular coagulation (DIC) syndrome, with progressive respiratory and multiple organ

failure, led to the death of the patient suffering from cirrhosis and COVID-19.

Keywords: COVID-19, cirrhosis, pneumonia.

The relevance of the study of the clinical picture and
features of coronavirus infection COVID-19 caused by
the SARS-CoV-2 virus in patients with chronic diseases
is beyond doubt. It is known that elderly patients, as well
as patients with diabetes, hypertension and obesity, are
at risk for severe course of the novel coronavirus disease
COVID-19. There are few literature data on the relati-
onship between chronic liver disease and COVID-19
infection [1-3].

It is obvious that patients with severe fibrosis and
cirrhosis and liver transplant recipients are also a rather
vulnerable group with increased risk of infection and
severe course of COVID-19. Experts from the University
of Oxford, UK and the University of North Carolina,
USA argue that patients with cirrhosis and chronic liver
disease have an overall mortality rate of up to 40% after
COVID-19 infection, which is several dozen times high-
er than the standard mortality rate for this disease [4].

In this regard, the following clinical observation is
of interest.

Patient D., 65 years old, was followed up in the clinic
for 10 years from September 2010 with the following
diagnosis: cirrhosis of mixed (alimentary, metabolic)
genesis, Child-Pugh class B, C. Portal hypertension.
Esophageal varices, gastric varices, small and large bo-

wel varices. Splenomegaly, hypersplenism (deep throm-
bocytopenia, leukopenia (neutropenia), erythropenia.
Ascitic-edematous syndrome. Hepatic encephalopathy
grade 2. Anemia of mixed origin — iron deficiency, B,
deficiency. Type 2 diabetes mellitus, compensated.
During the follow-up period, he was hospitalized at
the clinic almost every year due to decompensated cirrho-
sis. Numerous therapies included aldosterone inhibitors,
Heptral, Hepa-Merz, repeated transfusions of albumin
solutions and fresh frozen plasma, which made it possible
to reduce liver cell failure manifestations for a short time.
The issue of liver transplantation of which the patient
opted out, was repeatedly discussed. After discharge
from the hospital on April 10, 2020, the patient was asked
to adhere to a strict self-isolation regime. After 2 weeks,
his body temperature increased to 38.0 °C without chills
and catarrhal events. This was accompanied by pain in
the right ear. He was consulted on an outpatient basis
by an ENT doctor, otitis media was diagnosed, antibiotic
therapy was recommended (azithromycin 500 mg per
day for 3 days). Against this background, the pain in the
ear decreased, his condition somewhat improved, and a
slight subfebrile condition persisted. After a few days,
encephalopathy increased (the patient’s mood changed,
he started having disrupted night sleep). The condition
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was considered in the program of complications of cir-
rhosis, large intestinal decontamination was carried out,
his diet was limited (thermally unprocessed foods were
excluded and animal proteins were limited), and oral
intake of mixture with 1000 mg kanamycin was started.
After 2-3 days, his health improved, night sleep norma-
lized, subfebrile condition — up to 37.30 °C maximum.
Shortness of breath, cough, catarrhal phenomena were
not observed. On May 10, 2020, the patient’s daughter
fell ill (high evening fever, cough, weakness), then his
wife (a similar clinical picture). Over the next 10 days,
with the persisting subfebrile condition, his weakness
increased significantly, a dry cough and growing symp-
toms of respiratory failure appeared. On May 17, 2020,
the patient underwent an outpatient multislice compu-
ted tomography (MSCT) of the chest, which revealed a
picture of community-acquired bilateral polysegmental
pneumonia, the lesion volume was up to 75% of the lung
tissue on each side (C1-3). The patient was taken by an
ambulance team and was admitted at the department
for treatment of patients with coronavirus infection of
Clinical Hospital No. 1 at Sechenov University.

The patient s condition was severe on admission. His
Glasgow Coma Scale (GCS) score was 15. Muscle tone
and peripheral sensitivity were fully preserved. Focal
neurological and meningeal symptoms were not identi-
fied. The skin is icteric, pale, and cyanotic. No periphe-
ral edema was detected. Body temperature 37.40 °C.
Spontaneous breathing, mouth-nose. Auscultation was
not performed according to pandemic requirements. Res-
piratory rate = 24—26/min. Sat 02 — 75% when breathing
atmospheric air. Against the background of respirato-
ry support — low-flow oxygen therapy with humidified
oxygen through a face mask (oxygen flow rate 10—-12 L/
min) in a prone position, oxygen saturation increased to
93%. Hemodynamics was stable, with a tendency to hy-
potension. Blood pressure 100/55 mmHg. The abdomen
was enlarged due to bloating and ascites, painless on
palpation. Stool 2 times a day, loose stool, without pa-
thological impurities. No dysuric disorders were noted.

During laboratory examination: (on May 18, 2020)
prothrombin by Quick method: 42% (70—130); INR: 1.98
(0.9-1.16); Prothrombin time: 22 sec (10.4—12.6),; Fibri-
nogen: 1.29 g/L (1.8—4.0). Hematocrit: 28.6% (35-52);
Hemoglobin: 90 g/L (117-180), Platelets: 93 % 10°/L
(150-450),; Erythrocytes: 3.41 x 10"/L (3.8-6.1); Leu-
kocytes: 3.95 x 10°/L (4—11) (Basophils: 0.04 x 10°/L
(0-0.1); Lymphocytes: 0.44 x 10°/L (1.0-3.7); Mono-
cytes: 0.42 x 10°/L,; Neutrophils: 2.88 x 10°/L; Eosino-
phils: 0.1 x 10°/L; Unclassified quantity: 0.07 x 10°/L);
Erythrocyte sedimentation rate 29 mm/h,; Color index:
0.79 (0.8—1.5). Total protein: 66.8 g/L (57-82); Albumin:
19.8 g/L (32—48); Glucose: 5.8 mmol/L (4.1-5.9); Crea-
tinine: 65 umol/L (44—115); Cholesterol: 1.7 mmol/L
(3.2-5.6); Triglycerides: 0.62 mmol/L (0.41-1.7); Iron:
6 umol/L (9-20); Total bilirubin: 28.3 umol/L (3-21),

Direct bilirubin: 13.4 umol/L (0-5); Uric acid: 320
umol/L (145-415); Potassium: 4.6 mmol/L (3.5-5.0);
Sodium: 135 mmol/L (136—-145); ALT: 12 IU/L (10-49);
AST: 46 IU/L (0-34); GGT: 34 units/L (0-73); KFK: 232
units/L (0—190), C-reactive protein: 57.78 mg/L (0-8.0);
Ferritin: 63.9 ug/L (7.0-200.0). Urinalysis — no abnor-
malities. Imaging: non-contrast chest CT scan on May
18, 2020: Conclusion: Bilateral hydrothorax. The CT
scan of lung changes is highly likely to correspond to
bilateral polysegmental COVID 19-associated pneumo-
nia. Cirrhosis. Ascites. Severity according to CT-CT-4
(critical). Damage to 100% of the lung tissue of both
lungs. Abdominal ultrasound (of May 19, 2020): ECHO
signs of ascites, diffuse dystrophic changes in the liver
parenchyma (cirrhotic by type), diffuse changes in the
pancreatic parenchyma. RNA SARS-Cov-2 test results:
May 17, 2020 — not found; May 19, 2020 — not found;
May 23, 2020 — not found.

Thus, the patient with cirrhosis, Child-Pugh class C,
was diagnosed with coronavirus infection caused by the
COVID-19virus. The virus was not identified (COVID-19
is diagnosed clinically). Community-acquired bilateral
polysegmental pneumonia of an extremely severe course
(CT-4). Type 2 respiratory failure. Hydrothorax.

Given the concomitant pathology, it was decided to
abandon etiological therapy with antiviral drugs. The
patient underwent oxygen therapy (insufflation of humi-
dified oxygen through a face mask), antibacterial therapy
with ceftriaxone 1000 mg per day (intravenous drip),
planned therapy continued (Hepa-Merz, Inspro, Lasix,
Rabeprazole). However, there was a gradual increase
in respiratory failure, rapid desaturation of the patient
persisted when respiratory support was turned off.

A remote meeting of the council of physicians was
held at the Coronavirus Center, where it was decided to
abstain from biological anti-cytokine therapy. According
to the recommendations of the council, the patient was
transfused with I dose of fresh frozen plasma.

Despite ongoing therapy, the patient’s condition
progressively worsened, symptoms of respiratory fai-
lure increased, and weakness progressed. On May 24,
2020, the patient was transferred to the ICU of Seche-
nov University. The patient was in a very serious con-
dition when he was admitted at the ICU. His GCS score
was 13—14. The patient is agitated. OD = OS, photo-
reaction is preserved, vivid, symmetrical. Muscle tone
and peripheral sensitivity are fully preserved. No focal
neurological and meningeal symptoms were identified.
The skin is icteric, pale, cyanotic. No peripheral edema
was detected. Body temperature 37.40 °C, shortness of
breath (RR = 31-34/min). Sat 02 — 50% when breathing
atmospheric air. The patient was transferred to a pro-
ne position. Against the background of prone position
and insufflation of humidified oxygen at 15 L/min, no
increase in oxygenation was observed. A decision was
made to carry out tracheal intubation. The trachea was
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intubated with an endotracheal tube No. 8.0. The pati-
ent was placed on mechanical ventilation in SIMV-PC
mode, with the following ventilation parameters: Pinsp
15 cmH?20, against this background Vt: 490-520 mL,
PEEP of 11 cmH20, FiO, of 75%, Sat 02 — 92%. Hemo-
dynamics is stable without vasopressor and inotropic
support. In a repeated coagulogram on the 6th day of
stay, prothrombin according to Quick was 36%, aPTT
was 1.52; D-Dimer was 126.65 ug/ml!!! INR was 2.26,
Prothrombin time was 25.2 sec. Complete blood count
was Hematocrit 35.5%,; Hemoglobin 107 g/L Platelets
168 x 10°/L (with time — 50,000, 37,000, 47,000, 87,000,
91,000); Erythrocytes: 3.91 x 10"%/L; Leukocytes: 21 %
10°/L (with time — 7,900, 5,300, 5,700, 5,900); (Lympho-
cytes #: 0.8 x 10°/L; Neutrophils #: 19.1 x 10°/L); ESR
43 mm/h,; Color index: 0.82. Biochemical blood test on
May 24, 2020: Albumin: 25 g/L; Urea nitrogen: 10.3
mmol/L; Total bilirubin: 32.4 umol/L; Direct bilirubin:
16.9 umol/L; Creatinine: 92.11 umol/L; ALT: 14 IU/L;
AST: 46 IU/L; GGT: 24 IU/L, creatine phosphokinase
(CPK): 29 /L; Lactate dehydrogenase (LDH): 896 1U/L
(2-250); C-reactive protein: 130.4 mg/L!!! Biochemical
blood test of May 25, 2020: Total protein 68.2 g/L; Albu-
min 23.5 g/L; Urea nitrogen 17.8 mmol/L; Total bilirubin
31.8 umol/L,; Direct bilirubin 18 umol/L; Glucose 10.8
mmol/L,; Potassium 3.8 mmol/L; Sodium 141 mmol/L,
Creatinine 96.6 umol/L; Uric acid 467 umol/L; ALT 10
IU/L; AST 29 IU/L; GGT 27 IU/L; CPK 32 IU/L; LDH
632 IU/L; C-reactive protein 173.81 mg/L!!! Ferritin
115.9 ug/L.

Bronchial fibroscopy: Diffuse bilateral catarrhal
endobronchitis with level 2 inflammatory activity with
severe obstruction at the segmental level.

Pulsed Doppler ultrasound of the tibial veins.: Echo
signs of non-occlusive deep vein thrombosis in both legs,
without signs of flotation. Echo-KG of May 25, 2020:
Sinus rhythm, heart rate 68—70 per min. The patient is
in the ICU on mechanical ventilation. Visualization is
extremely limited. There is no ultrasound window in the
parasternal and apical positions. Partial visualization
in subcostal projection only. The right chambers of the
heart are not dilated. Right ventricle (RV) — 3.5 cm, right
atrium (RA) — 60 mL. A moderate increase in left atrium
(LA) — up to 84 mL cannot be ruled out. Left ventricle
(LV) — not increased, end-diastolic dimension (EDD) —
4.0 cm, end diastolic volume (EDV) approx. 60-70 mL,
ejection fraction (EF) approx. 60-68%. No significant
LV hypertrophy was detected (interventricular septum
(1VS) approx. 1.2 cm). Type 1 LV diastolic dysfunction.
Valve device without rough defects. Sclerotic changes in
aortic valve (AV) — peak gradient up to 11.6 mmHg are
likely, divergence in AV leaflets is sufficient. No aortic
regurgitation was revealed. No significant mitral and
tricuspid regurgitation was detected. Possibly, up to sta-
ge [ tricuspid regurgitation. Systolic pulmonary artery
pressure —approx. 24 + 5 = up to 29 mmHg. Pulmonary

hypertension was not detected. Inferior vena cava (I1VC)
not expanded — at the liver level, about 5.0 cm from the
RA 2.3-2.5 cm, 1.6 cm closer to the RA, 1.4 cm when it
[flows into the RA, reacts to respiration by over 50%. No
fluid was found in the pericardial cavity.

In the ICU, in addition to mechanical ventilation,
the following therapy was carried out: Infusion therapy
with glucose solutions and saline solutions, positional
therapy, nutritional therapy, gastroprotective therapy
(omez 40 mg twice/day), antibiotic therapy (levofloxacin
500 mg twice/day); Anticoagulant therapy (arixtra 2.5
mg once/day). Despite the complex ongoing therapy, the
patient s condition gradually deteriorated with the deve-
lopment of multiple organ failure. The patient died as a
result of asystole. Resuscitation measures were carried
out in full, without any effect.

DISCUSSION

Based on the data published in Russia in June 2020,
fatty degeneration of varying severity, more likely hy-
poxic and metabolic, possibly iatrogenic, was detected
in the liver of the deceased. Characteristic petechial he-
morrhages, lymphocytic infiltration of the portal tracts,
similar to reactive interstitial hepatitis. In some cases,
extensive liver necrosis was found [5].

The following are considered among the possible
mechanisms of liver injury in COVID-19:

1. Immune-mediated liver injury as a result of severe
inflammatory response, as inflammatory biomarkers,
such as C-reactive protein (CRP), serum ferritin,
LDH, D-dimer, Interleukin-6, and Interleukin-2 are
significantly increased in COVID-19 [6].

2. Direct cytotoxicity as a result of active viral replica-
tion in liver cells: SARS-CoV-2 binds to target cells
through ACE-2 receptors. Since ACE-2 is abundantly
expressed in the liver and particularly in biliary epi-
thelial cells, the liver is a potential target for direct
infection [7].

3. Hypoxia (anoxia): Respiratory failure is the hallmark
of COVID-19. That is why hypoxic hepatitis due to
anoxia is often found in severe cases [8].

4. Drug-induced liver injury: Initial clinical guidelines
recommended antiviral drugs for COVID-19, with
some of them, including lopinavir/ritonavir, remdesi-
vir, chloroquine, hydroxychloroquine, uminefovir,
potentially hepatotoxic in some patients (and some
have since been proven ineffective).

5. Reactivation of preexisting liver disease: Patients
with preexisting chronic liver disease may be more
susceptible to liver injury from SARS-CoV-2.18 bio-
logic therapies, such as tocilizumab and baricitinib,
can also cause hepatitis B virus (HBV) reactivati-
on and thus lead to decreased liver function. On the
other hand, it is still unknown whether SARS-CoV-2
infection aggravates cholestasis in individuals with
underlying cholestasis [9].
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With regard to the described observation, it is our
opinion that end-stage COVID pneumonia and anoxia,
complicated by DIC syndrome, were the leading factors
in development of the disease that led to the patient’s
death.

The authors declare no conflict of interest.
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