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TPAHCNAAHTALMS
COAUAHbBIX OPFTAHOB

B YCAOBUAX NMAHAEMUU
HOBOW KOPOHABUPYCHOM
UHPEKLLUM COVID-19

B nacmoswem ewvinycke swcyp-
Hala onybaukogeana cmamus,
NOCBAWEeHHASl pe3yTbmamam Ha-
YUOHANLHO20 MHO20YEHMPOBO20
uccneoosanus «Pacnpocmpanen-
Hocmb u Ocobennocmu Knunuue-
ckoeo meuenuss KOPonasupycHoti
ungpexyuu y PEITUTTUEHT06 cepo-
ya, nouxu, neuenuy (POKKOP-pe-
UURUEHM), OP2AHU308AHHO20 NOO
seudou Poccuitickoco mpancnian-
Mono2uiecko2o obujecmsaa.

Fecnpeyeoenmnasa no mac-
Wmabam u nocireocmeusam namoe-
MUsl, 8bI36AHHASL HOBLIM KOPOHA-
supycom SARS-Cov-2, oxeamuna
noumu 6ce CmMpanvl Mupa, He A6u-
nacv uckarouenuem u Poccuiickas ®@edepayus.
Hvinewnuu sman pazeumus omeuecmeeHHOU
MPAHCNIAHMONIO2UY XAPAKMEPUIYEeMCS HAuduem
00CmMamoyHo OONbULO20 YUCLA 2PANCOAH — Pa3-
JUYHO20 NONA, 803PACMA U COYUATLHO20 CMAamy-
ca, — nepeHecuiux MpaHcuIaHmayuo CoTUOHbIX
opeanos. Peyunuenmol cepoya, nouku, neyenu,
NOJCUZHEHHO RnoNyYalowue UMMYHOCYNpeccus-
HYI0 mepanuio u umerowue psio COnymcmeyouux
3a001e8anUll, NOOBEPIHCEHb PUCKY MAHNCENbIX OC-
noxcnenuit COVID-19. C opyeoii cmoponst, HoBas
KOPOHABUPYCHASL UHGDeKYUsl 8 YCI08UAX NAHOeMUU
npedcmasisiem onacHoCmo U 0Jisi OOJIbHLIX MsJice-
JILIMU XPOHUYECKUMU 3A00/1e8AHUAMU C MEPMUHATb-
HOU cmaouetl NOPaNCceHUs HCUSHEHHO 8ANCHBIX Op-
2aH08 — NOMEHYUATbHBIX peyunuenmos. B smux
VCNOBUAX HEOOX0OUMO OYeHUmvb COOMHOULEHUE
NOMEHYUATIbHBIX NONb3bl U PUCKA MPAHCNIAHMA-
yuu OOHOPCKO20 Opeana. J{ns peulenus yKa3aHHbix
8blle BONPOCO8, KAK U psoa Opyeux, Kacaroujuxcsl
ocobenHocmell KIUHUYeCKO20 mevyeHUs U 1edeHusl
KOPOHABUPYCHOU UHGEeKYUU Yy peyunueHmos op-
2ano08, 6vL10 uHUYUUposano uccredosarnue POK-
KOP-peyunuenm, nepgvie pe3yibmamsl KOMopo2o
npeocmasienvl 8 HcypHaie.

Ompaono ommemums, 4mo 6 meueHue 00CMa-
MOYHO KOPOMKO20 8peMeHU YOaLoCh OP2aAHU308AMb

SOLID ORGAN
TRANSPLANTATION
IN THE COVID-19
PANDEMIC

This journal issue features a pa-
per devoted to the results of a natio-
nal multicenter observational study
titled “Prevalence and Features of
the Clinical Course of Coronavirus
Infection in Heart, Kidney, and Liver
Recipients” (ROKKOR-recipient),
organized under the auspices of the
Russian Transplant Societ).

The new coronavirus disease
2019 (COVID-19) pandemic, un-
precedented in scale and conse-
quences, which is caused by the
SARS-CoV-2 virus, has affected
almost all countries in the world,
including Russia. In the development of Russian
transplantology currently, there is a fairly large
number of solid organ recipients of different sex, age
and social status. Heart, kidney, and liver recipients,
who are permanently receiving immunosuppressive
therapy and having a number of comorbidities, are
at risk of severe complications from COVID-19. On
the other hand, the new coronavirus infection in a
pandemic is also dangerous for patients with severe
chronic diseases with end-stage damage to vital
organs — potential recipients. In these conditions, it
is necessary to assess the relationship between the
potential benefits and risks of donor organ trans-
plantation. In order to address the above issues and
a number of others related to the specifics of the
clinical course and treatment of coronavirus infec-
tion in organ recipients, the ROKKOR-recipient
study was initiated. The initial report is presented
in the journal.

It is pleasing to note that within a fairly short
time, it was possible to organize and conduct a
multicenter observational study involving 20 insti-
tutions from different regions of the Russian Fede-
ration. Here we report the results of the first stage
of the study. The next stage is currently ongoing



U nposecmu No-Hacmosuemy Muocoyenmposoe uc-  and the results are anticipated towards the end of
cnedosanue ¢ yuacmuem osaoyamu yupexcoenuti uz 2020 and will be highlighted in the first issue of our
paznuunsix pecuonos PD. [locne 3asepuwienus nep-  journal in 2021.
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We herein present our initial report from “ROKKOR-recipient”, a national multicenter observational study. The
prevalence, risk factors, clinical manifestations and outcomes of the novel coronavirus disease 2019 (COVID-19)
in solid organ transplant recipients receiving immunosuppressive therapy were investigated. The study enrolled
251 COVID-19 patients (220 kidney recipients, 7 liver recipients, 1 liver-kidney recipient, and 23 heart recipients).
The subjects came from 20 regions in Russia. The symptoms, clinical presentation, imaging and lab test results,
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therapy and outcomes of COVID-19 were described. It was established that solid organ transplant recipients with
COVID-19 have a higher risk of developing adverse events. Predictors of adverse events include associated car-
diovascular diseases, pulmonary diseases, diabetes, and kidney failure. Symptoms of the disease include dyspnea,
rash and catarrhal signs, as well as initial low blood oxygen saturation (SpO, <92%), leukocytosis (white blood
cell count >10 x 10%/L), elevated creatinine levels (>130 umol/L) and a marked decrease in glomerular filtration
rate, requiring hemodialysis. Performing organ transplant surgery in COVID-19 does not increase the risk of
adverse events but could save the lives of waitlisted terminally ill patients.

Keywords: organ transplantation, pandemic, COVID-19, SARS-CoV-2, risk factors, Russian Transplant

Society.

INTRODUCTION

In the first half of 2020, the unprecedented magni-
tude and impact of the pandemic caused by the new
SARS-CoV-2 coronavirus reached, with few exceptions,
virtually every country in the world. By the end of July
2020, there have been more than 16 million cases and
over 650,000 deaths. In Russia, between January 31 and
July 17,2020, 759,203 confirmed COVID-19 cases were
detected, and 12,123 deaths were recorded [1]. The high
rate of spread of the virus is caused by asymptomatic car-
rier state, high contagiosity, and long-term preservation
in the environment. About 20% of patients need hospi-
talization, while mortality varies greatly from country
to country and depends on a number of factors, ranging
from 1 to 15.2% [2, 3].

The infection caused by the new SARS-CoV-2 co-
ronavirus is a poorly studied disorder; despite the huge
spread of coronavirus disease in the world, the number
of observations in the recipients of transplanted organs
is low. An important feature of this category of patients
is the permanent risk of developing the transplant re-
jection which implies the need for immunosuppressive
therapy. The patients of transplanted organs — heart, liver,
kidneys — who are forced to receive immunosuppressi-
ve therapy for life and have a number of concomitant
diseases are a group of potentially high risk of severe
complications of COVID-19 [4, 5].

By early 2020, against the backdrop of the develop-
ment of domestic transplantology, a large population of
patients with transplanted organ had formed in the Rus-
sian Federation. Heart, liver and kidney transplantations
allows to save life, to restore the ability of patients in
critical, life-threatening conditions, to achieve physi-
cal and social rehabilitation. Recipients have a number
of features due to physiology of transplanted organs
and the need for life-long immunosuppressive therapy,
which can have an unpredictable impact on the risk of
SARS-CoV-2 virus infection and the clinical course of
COVID-19 disease. In particular, immunosuppression
increases the probability of infectious diseases [6] but re-
duces the risk of developing acute inflammatory response
(“cytokine storm”); moreover, there is an assumption that
calcineurin inhibitors which are the basis of complex
immunosuppressive therapy, can inhibit intracellular
replication of coronavirus [7].

The COVID-19 pandemic is dangerous not only for
organ recipients, but also for severe patients with ter-
minal heart, liver and kidney diseases included in the
waiting list [8], and clinical data are needed to assess
the risk-benefit ratio of surgery.

Under the auspices of the Russian Transplantology
Society, the national multicenter study entitled “Preva-
lence and Features of the Clinical Course of Coronavirus
Infection in Heart, Kidney, Liver Recipients” (ROK-
KOR-Recipient) was organized to study the incidence,
risk factors, clinical manifestations, and outcomes of the
new coronavirus infection (COVID-19) in the recipients
of the solid organs (heart, kidney, liver) receiving immu-
nosuppressive therapy.

MATERIALS AND METHODS

Russian federal and regional centers providing medi-
cal assistance to recipients of transplanted organs in the
conditions of the COVID-19 pandemic participated in
the study. The inclusion criteria were the presence of a
transplant organ, liver, kidney or heart, and the detected
COVID-19 as well as the patient’s informed consent to
data processing.

The diagnosis of coronavirus infection caused by
COVID-19 required either laboratory confirmation or
the presence of characteristic clinical signs, including
pneumonia [9], corresponding to the following ICD-
10 codes: U07.1, U07.2, J12-J18. For laboratory diag-
nostics of SARS-CoV-2 virus infection, a viral RN A was
isolated by polymerase chain reaction in samples taken
from mucous membranes. The clinical criteria included
signs of acute respiratory infection and respiratory failure
as well as the oxygen saturation reduction at breathing
atmospheric air (SpO, <92%) and characteristic chan-
ges detected by computer tomography of chest organs
(ground glass attenuation), presence of reticular changes,
consolidation sites and pulmonary tissue consolidations).

To determine the COVID-19 severity, the classifica-
tion presented in the “Provisional Methodological Re-
commendations for Diagnosis, Prevention and Treat-
ment of the New Coronavirus Infection of the Ministry if
Health of the Russian Federation” [9] (Table 1) was used.

The study protocol included the collection and analy-
sis of demographic and anthropometric data, as well as
complaints, physical, laboratory and instrumental exa-
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minations, transplant anamnesis, prescribed therapy and
clinical outcomes of coronavirus infection. All recipients
received immunosuppressive therapy with account for
individual characteristics (individual tolerability, infec-
tion severity, risk of development of rejection etc.) as
well as symptomatic and other pathogenetically based
therapy determined by current clinical recommendations
and treatment protocols considering clinical status.
The study results were statistically processed with
the SPSS 18.0 software package (SPSS Inc., USA).

Table 1

COVID-19 severity classification
(“Temporary guidelines for the diagnosis,
prevention and treatment of a new coronavirus
infection of the Ministry of health of the Russian
Federation” [9])

Criteria
t <38 °C, cough, weakness, throat pain
Absence of criteria for medium and severe
course
t>38°C
RR >22
Dyspnea at physical load
Pneumonia at CT
SpO, <95%
CRP >10 mg/l
RR >30
SpO, <93%
PaO,/Fi0, <300 mm Hg
Progressing changes in lungs by radiology,
CT (increase in lung changes by more than
50% in 24-48 h)
Decreased level of consciousness, agitation
Unstable hemodynamics (systolic blood
pressure <90 mm Hg or diastolic blood
pressure <60 mm Hg, urine output <20 ml/h)
Arterial blood lactate >2 mmol/l
gSOFA >2 points
AREF, respiratory support needed (ALV)
TSS
MOSF

Severity

Mild

Medium

Severe

Extremely
severe

Liver
7

/\ Liver, kidney

Kidney
220

Fig. 1. Distribution of patients by transplanted organ

10

Shapiro—Wilk W test was used to verify the normality
of distribution. The significance of differences in the
quantitative indicators meeting the normal distribution
criteria was determined by Student’s t-test, in other cases
by Mann—Whitney U test. The groups were compared by
non-parametric characteristics by Pearson chi-squared
test (with observations in the group >10) and Fisher’s
exact test (with observations in the group <10). In all
methods of statistical analysis, differences in p < 0.05
were considered to be significant.

RESULTS

Between 01.04.2020 and 17.07.2020, 251 recipients
with COVID-19 were identified and monitored in 20 re-
gions of the Russian Federation, most of them in Moscow
(66.9%) ), Moscow region (5.6%), Leningrad region
(4%) and Nizhny Novgorod region (4.0%) (Table 2).

The average age of patients was 48.3 £ 1.5 (13 to
77), 108 (43%) females, 143 (57%) males. The patients
included 220 kidney recipients, 7 liver recipients, 1 liver
and kidney recipient, 23 heart recipients (Fig. 1).

The average period from organ transplantation to the
first clinical signs of COVID-19 was 363.6 £ 265.4 days
(2 days to 11.5 years); 12 COVID-19 patients were di-
agnosed within the first 14 days after transplantation (6
after heart transplant, 6 after kidney transplant).

The most common symptoms of coronavirus infec-
tion were general discomfort and fatigue (84.4%), musc-
le pain (70.1%) and cough (68.9%), while anosmia and

Table 2

Distribution of organs recipients with COVID-19
by region

City, town, oblast (province) Qty,n

Moscow 168

Moscow Oblast 14

Leningrad Oblast 10

Nizhny Novgorod Oblast

Novosibirsk Oblast

Omsk Oblast

Chuvash Republic

Republic of Tatarstan

St. Petersburg

Khanty-Mansiysk Autonomous District

Volgograd Oblast

Krasnoyarsk Kraj

Tula Oblast

Arkhangelsk Oblast

Rostov Oblast

Voronezh Oblast

Saratov Oblast

Smolensk Oblast

Tyumen Oblast

el G I G LS LS S IS (ST FNS N NS P (O NS o

Khabarovsk Krai
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rash were less frequent (13.5 and 4.4%, respectively),
12.4% of patients were asymptomatic (Table 3).

In most cases, the main clinical manifestation of CO-
VID-19 was pneumonia (78.1%); the signs of extrapul-
monary pathology — heart or kidney failure of various
degrees of intensity — were observed in 38.3%, in 1.2%
the paroxysm of atrial fibrillation developed. The ave-
rage time from the first symptoms to visiting a doctor
for medical treatment was 5.2 = 3.1 days (1 to 12). At
pre-assessment, the temperature above 38.5 °C was ob-
served in 26%, 37-38.5 °C in 69.0%, in 10.8% the high
temperature was not noted. In 19.3% of cases, with non-
invasive determination SpO, <90%, in 41.2% — 90-95%,
in 39.5% more than 95% was revealed.

At chest CT performed in 208 (82.9%) recipients,
there were no changes (CT-0) in 12 (5.8%), ground-glass
opacity which occupied less than 25% of the pulmonary
parenchyma (CT-1) was found in 44 (21.2%), 25 to 50%
of the pulmonary parenchyma (CT-2) in 52 (25.0%),
50 to 75% of the pulmonary parenchyma (CT-3) in 88
(42.3%), over 75% of the pulmonary parenchyma (CT-
4)in 12 (5.8%).

Hospitalized were 233 patients (92.8%), the remai-
ning 18 with a mild or asymptomatic course of corona-
virus infection were observed outpatiently. In 39 patients
hospitalized with COVID-19 clinical signs, the PCR
primary test for virus DNA was negative, while retests
were positive.

41 cases (16.3%) met the criteria for mild severity of
COVID-19, 82 (32.8%), 60 (24.1%) for moderate, 67
(26.8%) for extreme severity (Fig. 2).

32 (12.8%) patients needed respiratory support (LV)
with the average LV time of 9.3 + 5.5 (3—17) days. 96
(38.3%) patients had non-invasive ventilation, while the
remaining 123 had no need for ventilation. In connection
with the development of expressed respiratory and heart
failure in 4 patients with extremely severe COVID-19
course, the peripheral system of extracorporeal memb-
rane oxygenation (ECMO) was implanted; two of them
died on days 6 and 8 after the ECMO implantation, 2
achieved remission.

The average hospital stay was 16.1 £ 1.9 days (7
to 49). By 17.07.2020, 34 (13.5%) of the patient have
died against COVID-19 infection, 186 (74.1%) were
diagnosed with remission of the infectious disease, 31
(12.4%) continued treatment, 1 kidney recipient has been
retransplanted.

Among liver recipients (n = 7) with COVID-19, no
one was found to have either rejection or signs of trans-
plant dysfunction; Five patients were discharged with
remission, while two patients with the medium severity
COVID-19 continue their treatment (hospital stay — 63
and 18 days). In 11 of 23 (47.8%) heart recipients, the-
re were clinical signs of heart failure, and according
to the endomyocardial biopsy, acute rejection of heart
transplant was detected in only 7 patients — in 5 cases
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Table 3
COVID-19 symptoms in organ recipients
Symptom Rate, %
Tiredness 84.4
Muscle pain 70.1
Cough 68.9
Dyspnea 55.7
Chest discomfort 45.0
Catarrhal signs 30.0
Diarrhea 25.5
Chest pain 243
Anosmia 13.5
Rash 4.4
No symptoms 12.4
32.8%
26.8%
24.1%
16.3%
Mild Medium Severe  Extremely severe

COVID-19 severity

Fig. 2. The The distribution of recipients by COVID-19 se-
verity

there were histologic signs of acute cell rejection, in two
acute antibody-mediated rejection. One heart recipient
with no sign of a heart transplant rejection died against
the background of acute heart and respiratory failure, in
all other cases remission was achieved. Of 220 kidney
recipients, 78 (35.5%) had a decrease in the glomerular
filtration speed of various degrees of expression. 17 cases
had signs of acute cellular or antibody-mediated rejec-
tion, 2 cases — signs of acute tubular necrosis without
signs of rejection. 37 (16.8%) kidney recipients needed
substitution therapy. At the coronavirus infection remis-
sion, most patients had kidney function regeneration, 3
patients had a persistent loss of transplant function, and
1 had kidney retransplantation.

Table 4 shows average laboratory parameters deter-
mined before the pandemic (autumn-winter 2019), at the
peak of the virus infection manifestation and a month
after the remission.

At the coronavirus infection, lymphocytopenia was
noted in 53.9% of patients, thrombocytopenia in 27.1%.
The comparative analysis showed that in recipients with
the coronavirus infection there was a significant decrease
in the average white blood cell levels followed by their
recovery (decrease from the initial 10.7 + 3.3 x 10%/1 to
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Table 4
Dynamics of laboratory parameters in kidney, liver, and heart recipients

Parameter Initially COVID-19 manifestation peak Remission
RBC (x10"/1) 35+04 3.5+0.2 3.6+0.3
Hh (g/1) 97.9+8.5 96.2+7.0 108.9 £ 9.8
WBC (x10°/1) 10.7+3.3 6.1+0.7" 9.2+2.8
NEUT (x10°/1) 37.6+223 49.9+11.6 349+21.8
LYM (x10°/1) 46+33 51+1.7 55+1.1
MON (x10°/1) 34+1.7 59+1.6 62+32
PLT (x10°/1) 233.6 +38.7 205.6 +22.4 2133 +42.7
Fasting glucose, mmol/l 51+1.1 5.6£0.5 59+£1.5
Albumen, g/l 354+29 35.6+17.1 37.5+1.8
Total bilirubin, mmol/l 7.6+12 11.6 = 1.1' 8.0£0.9
AST, U/l 23.4+9.6 31.6 +5.8' 52.8 £ 13.4
ALT, U/l 153+5.6 31.9+10.7' 65.2 + 15.0°
BUN, mmol/l 93473 20.9 +4.4' 153+52
Creatinine, pumol/l 149.3 + 18.7 244.5 +32.3' 150.1 + 14.5
Ca, mmol/l 47+0.3 51=+1.7" 3.9+0.2
PT, s 145+ 134 17.1 £12.8 18.1+15.5
D-dimer, ng/ml 203.2+104.2 1304.3 + 346.5" 162.2 +107.1
APPT, s 30.6+4.38 327+34 35.9+6.9

Note. The initial value of the indicators meant the values determined in the fall-winter of 2019. ' — the value of the indicator at
the peak of the manifestation of COVID-19 infection significantly differs from the baseline indicators and indicators against
the background of remission; * — the value of the indicator against the background of remission significantly differs from the
baseline values and values at the peak of the manifestation of COVID-19 infection.

6.1 = 0.7 x 10°/1 at the coronavirus infection with sub-
sequent recovery to 9.2 + 2.8 x 10%/1 after the remission
onset). Mean levels of total bilirubin, urea, creatinine,
potassium, and D-dimer increased at the acute infection
and recovered 2—4 weeks after remission. At the same
time, the increased mean levels of AST and ALT did not
decrease after remission.

Although no effective etiotropic COVID-19 therapy
has been available to date, the empirical treatment pro-
tocol included minimizing immunosuppressive therapy
and prescribing medications with theoretically justified
pathogenetic effects. Mycophenolic acid drugs were
discontinued in all patients after clinical signs of viral
infection were detected. With the viral infection mani-
fested as immunosuppressive therapy, all heart recipi-
ents received tacrolimus preparations in monotherapy
or in combination with methylprednisolone. Among
228 liver and kidney recipients, 2 (0.9%) received me-
thylprednisolone in monotherapy, 8 (3.5%) received
methylprednisolone in combination with everolymus,
and 10 (4.4%) received everolymus in combination with
cyclosporine or tacrolimus, 17 (7.5%) — cyclosporine
in monotherapy or in combination with methylpredni-
solone, 191 (83.8%) — tacrolimus in monotherapy or in
combination with methylprednisolone. Anticoagulant
therapy (low molecular weight heparins) was provided
to 74 hospitalized patients with D-dimer levels above
300 ng/ml. In addition to immunosuppressive therapy,
hydroxychloroquine preparations were administered to
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81 patients, preparations of IL-6 receptor antagonists:
tocylizumab — 26, arilumab — 8, Janus kinase inhibitor
(JAK) tofacitinib — 12, barycytinib — 9, IL-1beta inhibitor
kanakinumab — 2, IL-17 inhibitor netakimab — 2, C-5
human complement component inhibitor eculizumab — 2
patients; 45 patients received immunoglobulin intrave-
nously, 64 patients — fresh frozen plasma.

The analysis of adverse events showed that there were
no liver recipients among 34 lethal cases, 33 underwent
kidney transplantation (15% of all kidney recipients)
and 1 — heart transplantation (4.3% of all heart recipi-
ents). It was revealed that the main fatal case predictor
COVID-19 severity. Thus, according to the constructed
prognostic model, in patients with a mild course of co-
ronavirus infection, the expected fatal cases rate was
1.9% (95% CI: 0.1-4.3%), moderate — 9.7% (95% CI:
3.7-15.8%), severe — 11.8 (95% CI: 4.2-19.3%), extre-
mely severe — 50% (95% CI: 32.4-67.6%).

Concomitant diseases were the factors reliably as-
sociated with COVID-19 severity and the risk of death
of recipients, i. e. coronary heart disease, arterial hyper-
tension, cerebrovascular disease and bronchospasm. As
for the symptoms, these were the presence of shortness
of breath, rash and catarrhal phenomena, and oxygen
saturation at admission SpO, <92%, white blood cells
>10 x 10%/1, an increase in creatinine levels of more than
130 pumol/l, and a significant decrease in the glomerular
filtration rate requiring hemodialysis. At this, for other
clinical and laboratory parameters, including age over
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60, gender, the degree of increase in D-dimer levels,
hydroxychloroquine preparations, etc., there was no si-
gnificant relationship with the risk of adverse events
against the background of COVID-19.

Between January 29 and July 1, 2020, which coinci-
ded with the period of the spread of coronavirus infec-
tion in Russia, organ transplantation was performed in
70 of the 251 patients included in the study, 56 kidney
recipients, 12 heart recipients, 1 liver recipient, and 1
liver and kidney recipient. In 12 patients (4.8%) the in-
fection was detected within the first 7 days after heart
(n = 6) or kidney (n = 6) transplantation. Among the
kidney recipients who died due to coronavirus infec-
tion, 5 (14.7%) died within 30 days after the kidney
transplantation. One patient with COVID-19 diagnosed
within a week after kidney transplantation, developed a
transplant dysfunction, and on day 8 after the first ope-
ration was retransplanted. Comparative analysis did not
reveal any reliable differences (p = 0.53) in the number
of lethal cases between those who were operated during
the COVID-19 pandemic (n = 11, 15.7%) and in 1995
to 2019 (n = 23, 12.7%).

DISCUSSION

The first results of the “ROKKOR-recipient” mul-
ticenter national study presented in the article which
were obtained by analyzing the data of examination and
observations of 251 liver, kidney and heart recipients
with COVID-19 from 20 regions of Russia, indicate the
importance of prevention and timely detection of corona-
virus infection in recipients of transplanted organs. This
is evidenced by the relatively high mortality (13.5%) at
COVID-19. This is significantly higher than the mortality
rates in the general populations of Russia (1.6%), the
United States (3.4%) and China (5.4%) [3].

The lack of systematic data prevented a consensus
on the impact of coronavirus infection on patients with
transplanted organs. For example, one of the first reports
by Chinese authors of 2 COVID-19 cases in patients
with heart transplants suggested that immunosuppressive
therapy may make the disease course easier for recipients
and not progressing to the hyperinflammatory response
stage [10]. Other Chinese authors in their analysis of the
results of a small cohort study [11] concluded that there
are no significant features of the course of coronavirus
infection in the heart recipients. There exists an empirical
hypothesis that calcineurin inhibitor, especially takro-
limus, can specifically suppress coronavirus infection
[12]. However, our study did not identify a link between
various immunosuppressive drugs and the risk of severe
course or complications of coronavirus infection. Among
recipients with a severe course of coronavirus infection,
the average blood concentration of the tacrolimus was
lower, the percentage of patients who did not receive
calcineurin inhibitor was higher, but this fact may be due
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to the immunosuppressive therapy reduced by attending
physicians in a severe course of infection.

The study identified clinical and lab test predictors of
severe COVID-19 and death of recipients. It is notewor-
thy that the association with the rate of adverse events
was statistically significant for concomitant diseases
(coronary heart disease, arterial hypertension, cerebro-
vascular disease, bronchospasm, diabetes mellitus, and
renal failure) but not for age. In publications, age, along
with concomitant cardiovascular and pulmonary disea-
ses, obesity and diabetes mellitus, is presented as a risk
factor for severe complications and death of COVID-19
patients [13, 14].

In this regard, the results of a major Russian stu-
dy carried out on the basis of the .M. Sechenov First
Moscow State Medical University deserve attention.
There 1,007 COVID-19 patients were included. The
authors showed that acute respiratory distress syndro-
me caused by SARS-CoV-2 is more common in persons
over 40 years of age with cardiovascular disease, type 2
diabetes mellitus and/or obesity [15].

According to the results obtained, the coronavirus
infection in the recipients was most frequently expressed
as pneumonia, though there was a high rate (38.3%) of
extrapulmonary manifestations. The fact that the pheno-
mena of blood insufficiency and kidney failure in most
recipients were not related to the rejection of the trans-
planted organ against the backdrop of the immunosup-
pression reduction and occurred at COVID-19 remission
may indicate a direct viral damage to the targeted organs.

Indeed, the membrane receptors of angiotensin trans-
forming enzyme type 2 (ATE2) are found, besides lungs,
on the surface of endothelium cells, smooth muscle cells,
cardiomyocytes, etc. [ 16, 17]. The Russian authors have
recently published a description of the clinical case of
coronavirus myocardial lesions in an elderly patient with
arterial hypertension [18].

Endothelium dysfunction resulted from the direct and
indirect effect of coronavirus infection, platelet activati-
on and system inflammatory response suggest a high risk
of thrombotic complications [19]. Despite the fact that
in the examined COVID-19 patients there was almost
6-times increase in the average levels of D-dimer, we
did not identify the relationship between the levels of
this marker and the risk of complications. This can be
partially explained by the high frequency of empirical
use of low-molecular heparin drugs in patients with high
risk of developing thrombotic complications [9].

One of the most important issues discussed in va-
rious countries is the feasibility of performing organ
transplantation in the context of the COVID-19 pande-
mic. The pandemic has been a major challenge for all
national health systems. At the pandemic, the number of
patients hospitalized with diseases requiring emergency
care and surgical interventions [20, 21] including organ
transplants [22] in the world is decreasing.
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The risk of infection of organ recipients, especially
in the early postoperative period, when maximum im-
munosuppression is required, is high due to the need
for high doses of immunosuppressive medication and
the risk of infection from unrecognized sources, donor,
medical personnel, objects and food items. In our study,
6 heart recipients and 6 kidney recipients had SARS-
CoV-2 virus detected within a week after transplantation,
and the infection source remained unknown. This may be
partially due to the limited capabilities of the laboratory
diagnostics method itself and the probability of getting
false negative results of the tests in the toolkit [23]. The
donor’s role as a source of infection is hardly conside-
red; evidence of the possibility of SARS-CoV-2 virus
infection through heart or kidney transplant is currently
missing, although the amount of data is limited. At least
a study of the biopsy results of four patients has not
confirmed this possibility for SARS-CoV-1 virus [24]. It
is important to note that our comparative analysis of the
results of coronavirus infection in the recipients operated
at the outbreak of the epidemic in Russia and in previous
years, did not reveal any reliable differences.

Thus, the results of the “ROKKOR-transplant” study
indicate that the presence of a transplanted organ increa-
ses the risk of adverse events at COVID-19. Risk factors
for severe course and lethal cases in organ transplant re-
cipients infected with the SARS-CoV-2 virus are conco-
mitant cardiovascular and pulmonary diseases, diabetes
mellitus and renal failure, the presence of dyspnea, rash
and catarrhal signs as manifestation symptoms, as well
as initially low oxygen saturation (SpO, <92%), white
blood cells >10 x 10%/1, an increase in creatinine levels
of more than 130 pmol/l, and a significant decrease in the
glomerular filtration rate requiring hemodialysis.

The analysis of the data obtained allowed us to draw
an important conclusion that performing organ trans-
plant surgery in COVID-19 does not increase the risk
of adverse events but could save the lives of waitlisted
terminally ill patients.

The authors declare no conflict of interest.
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TREATMENT OF BILIODIGESTIVE ANASTOMOTIC STRICTURES
AFTER TRANSPLANTATION OF LEFT LATERAL SEGMENT
OF THE LIVER
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Many studies have shown that biliary complications after transplantation of the left lateral segment (LLS) of
the liver reduce graft and recipient survival. Thus, timely correction of biliary complications, and strictures in
particular, improves long-term outcomes in transplantation. Objective: to analyze our own experience in cor-
recting biliary strictures in LLS graft transplantation. Materials and methods. From February 2014 to April
2020, 425 LLS grafts were transplanted in children. 19 (4.5%) patients were diagnosed with biliary strictures at
different times after transplantation (from 0.2 to 97 months). Results. Biliary strictures were more often formed
a year after transplantation (17.8 + 23.9 months). In 14 out of the 19 patients, internal-external biliary drainage
was successfully performed with phased replacement of the catheter with one that was larger in diameter (from
8.5 Fr to 14 Fr). The catheters were removed in 8 patients after completion of the treatment cycle. Restenosis was
not observed during follow-up (13 + 8.7 months) after the internal-external biliary drainage catheter had been
removed. In 5 cases, antegrade passage of a guide wire through the stricture was unsuccessful. As a result, biliary
reconstruction was performed in 4 (21.1%) patients and retransplantation was required in 1 (5.3%) patient. Con-
clusion. An antegrade minimally invasive approach can successfully eliminate biliary strictures in most children
after liver LLS graft transplantation. The proposed technique is effective and safe.

Keywords: transplantation of the left lateral segment of the liver, long-term transplant outcomes,
complications, biliary strictures, correction.

INTRODUCTION

Transplantation of liver fragments to children dates
back to the late 1980s when R. Pichlmayer was the first
in the world to use the method of split transplantation
of the liver dividing it along the falciform ligament into
the left lateral sector (LLS) and an enlarged right lobe
that included liver segments [, IV-VIII [1]. However, in
1989, Strong performed the first successful LLS trans-
plant from a live donor, thus pioneering, with Raia [2, 3],
the relative transplants. The 90s marked a breakthrough
in the field of surgical hepatology and transplantology.

centers [5]. Biliary complications are commonly clas-
sified as biliary fistulas, or leaks, anastomotic strictures
(AS), and non-anastomotic strictures (NAS) of biliary
anastomosis [6].

The main risk factors of the development of biliary
complications during transplantation of liver fragments
are impaired arterial blood flow, the presence of an end
biliary anastomosis, and such donor-dependent factors
as coagulation injury of the ducts at withdrawal, the
presence of several ducts, and their small diameter [7].

To date, there are a number of minimally invasive
techniques aimed at correcting biliary strictures. En-

Since the mid-90s, liver fragments transplantation has
been successfully performed in many countries, inclu-
ding Russia, with good outcomes and chances to save
previously incurable patients. However, biliary compli-
cations have remained a serious issue, tendo Achillis of
liver transplantation [4]. At the transplantation of liver
fragments, a higher rate of such complications is com-
mon. The biliary complications rate at transplantation of
liver fragments in children, according to various sources,
ranges from 4% to 47.4% and is about 15% in most

doscopic retrograde stenting can be used in children;
however, because the biliodigestive reconstruction op-
tion is main in pediatric practice, this technique cannot
be widely used. Such technique as the double balloon
enteroscopy is used in some clinics, though it also has
limitations for use in children weighing 15 kilograms
or less [6].

Percutaneous techniques are actively used in children
with biliodigestive anastomosis strictures in two main
options, balloon dilation and external drainage. If these
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methods are ineffective, biliary reconstruction is indi-
cated.

Of the Russian medical institutions, the Shumakov
National Medical Research Center of Transplantology
and Artificial Organs has the largest experience in the
field of transplantation of liver fragments to children.
Thus, the analysis of our own experience and a detailed
presentation of the applied method of treatment of biliary
strictures at the liver LLS transplantation may be both
of scientific and practical interest.

MATERIALS AND METHODS

The present study is a retrospective analysis of a pro-
spectively populated database as well as records in medi-
cal histories, laboratory results and instrumental studies.
From February 2014 to April 2020, at the Shumakov
Medical Research Center, 425 LLS liver transplants were
performed in children: 399 cases from relative donors,
26 cases from cadaver donors (split transplantation). In
19 (4.5%) patients, bile duct strictures were diagnosed at
different times after transplantation (0.2 to 97 months).
These patients have been included in the present study.
The study was approved by the ethics committee of the
Center.

Immunosuppression

Immunosuppressive therapy included induction the-
rapy with basiliximab, intravenous infusion of methyl-
prednisolone at the time of graft reperfusion at 10 mg/
kg (followed by minimization or withdrawal during the
early postoperative period) and supportive therapy based
on calcineurin inhibitors (tacrolimus); mycopholenic
acid drugs were used optionally, in accordance with the
clinical and laboratory picture. In cases of liver trans-
plantation from blood group-incompatible related do-
nors, the previously described preparation protocol used,
which included the possibility of plasmapheresis with
AB (IV) FFP replacement and rituximab administration.

Biliary reconstruction

Biliary reconstruction was performed after vascular
revascularization of the graft with the Roux limb of the
jejunum. The limb was 40—50 cm long. In the case of the
preceding portoenterostomy, the previously formed limb
was retained under the following conditions: confidence
in the limb viability (absence of extensive deserosation,
multiple perforations and circulatory disorders in the
limb after enterolysis), limb length over 35 cm, no his-
tory of multiple recurrent cholangitis. The anastomosis
was formed with separate PDS 6.0 interrupted stitches
with 1-1.5 mm duct pitch. In case of two or more ducts
at less than 4 mm distance, they were combined on a
preparation table or immediately before the start of bi-
liary reconstruction along the medial walls to form a
common orientation. If the unit of the ducts was impos-
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sible, separate fistulas were formed. The anastomosis
was performed with 3x binocular loupes. To prevent
bile leakage, the original technique of peritonization of
the biliodigestive anastomosis wall with the round graft
ligament was used [8]. Since September 2017, Felker
external stented drainage with a 22—16 Ga catheter (de-
pending on the ducts diameter) has been routinely used.

Stricture diagnosis

At the transplantation center, follow-up of transplant
cases is a standard practice. The protocol for inpatient
and outpatient examination of children after liver trans-
plantation includes physical examination and control of
laboratory parameters as well as ultrasound of the ab-
dominal organs. If the clinical and laboratory picture of
cholestasis (including itching, GGT and bilirubin increa-
se, stool hypocholia, etc.) or cholangitis symptoms were
combined with the bile ducts expansion of more than 5
mm, the MR cholangiography was done as the basis for
the biliodigestive anastomosis stricture diagnosis. At this,
arterial blood flow disorders in history and characteristic
MRI cholangiography and ultrasound patterns were the
basis for the NAS diagnosis.

However, if the ducts dilatation was not accompanied
by any clinical and laboratory changes, dynamic obser-
vation and conservative therapy, including choleretic
therapy, were continued.

Description of the technique
of percutaneous franshepatic
external-internal drainage

The method used for percutaneous transhepatic ex-
ternal-internal drainage was based, with some minor
assumptions, on the technique described in detail in Feier
[5]. In our practice, a Chiba 18 Ga needle was used for
percutaneous puncture. The puncture was performed in
the X-ray operating room (Philips Allura Xper FD 20 OR
Table, Netherlands and Shimadzu Bransist alexa, Japan)
under ultrasound guidance (Fig. 1). The puncture point
was usually located in the epigastrium along the midline.
The 2™ segment duct was considered optimal for drai-
nage. After the bile intake, with the mandrel removed, a
small amount of a water-soluble contrast (Ultravist 370,
Optiray 350 diluted with sterile saline solution 1:4) was
injected, thus partially contouring the biliary tree of the
graft. After that, the guidewire was inserted, the Chiba
needle was changed for II 4 Fr, 5 Fr, 6F Terumo Radi-
focus Introducer and with the help of various catheters
(Merit Medical Performa CB1 5F, USA, Merit medical
Performa KA2 4-5F, USA, Terumo Radifocus Optitorque
radial TIG II 3.5 5F, Japan), diagnostic guidewires (Asahi
intecc UniQual Slip-Coat Guidewire 0.035", Biomet-
rix Angio-Line guidewire 0.35") and coronary guide-
wires (Asahi intecc Prowaterflex 0.014"”, Japan; Asahi
intecc Fielder 0.014", Japan; Boston Scientific PT2 LS
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0.014" USA), we attempted to pass the stricture. In case
of successful stricture passage with characteristic signs
of a guidewire and contrast entering the jejunal loop

Fig. 1. Ultrasound-guided punction of the bile ducts of a liver
transplant

(guidewire-formed “large loops”, contrasting circular
folds of the small intestine mucosa), a Dawson-Muller
drainage (Cook Medical, USA) with 8.5 Fr diameter was
installed along the guidewire with additionally formed
2-3 holes on the straight part of the drainage. If drainage
was impossible due to expressed strictures, the balloon
dilatation was performed (Medtronic Sprinter Legend
RX balloon catheters, USA, d 1.25 mm, 1 10-12 mm; d
1.5mm,112-15 mm; d 2.0 mm, 1 15-20 mm. The distal
loop was installed in the intestine with a fixation built in
the drainage (Fig. 2).

For 2-3 days, to prevent reactive cholangitis, external
bile diversion has been performed through the drainage,
with the subsequent, in the absence of cholangitis signs
and an improved laboratory picture, drainage block. The
child was observed for several more days and discharged.
Subsequently, the drainage was changed with an interval
of about 3 months for large diameters (10.2; 12; 14 Fr)
and upon reaching the maximum diameter, the drainage
was removed with balloon control for angioplasty with a
diameter of 5—7 mm (controlling the absence of a “waist”
on the balloon).

Fig. 2. The steps of an internal-external drainage set up: a — a contrast agent inserted to the dilated biliary duct; b — the guide
conducted through the stricture into the Roux limb; ¢ — the Dawson-Muller drainage passed into the Roux limb; d — the pig-
tale of internal-external drainage placed behind the stricture and locked
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Fig. 3. The algorithm of biliary stricture management after LLS transplantation

If it was not possible to pass the stricture, an external
cholangiostomy was left to decompress the bile ducts,
and in 7-10 days an attempt was repeated to pass the
stricture. If the stricture was not passed then, the need
for the third attempt was decided individually, or biliary
reconstruction was routinely performed. The algorithm
is shown in Fig. 3 as a flowchart.

RESULTS

Table 1 shows the demographic and clinical charac-
teristics of the recipients. The most frequent disease that
led to the need for transplantation in the studied patients
was biliary atresia (8 cases, 42.1%) and hepatic fibro-
sis, or Caroli syndrome (6 cases, 31.6%). In most cases
(84.2%), a related LLS transplantation was performed.
More often, biliary strictures developed in over a year

after transplantation (17.8 + 23.9 months), in most cases
being anastomotic (n = 17; 89.5%).

Table 2 summarizes some features of staged treatment
by the above algorithm. Thus, the antegrade passage of
the stricture was successful in 14 of 19 observed cases.
In this, the second attempt, i. e., after the formation of
an external cholangiostomy, was more often successful
(n=17;36.8%). At the time of the article submission, in 8
out of 14 patients (42.1%), the external-internal drainage
was removed, i. e., the treatment cycle was completed.
Of the five cases when the antegrade stricture failed to
pass, biliary reconstruction was performed in four and
in one — successful liver transplantation from a cadaver
donor due to the formation of secondary biliary cirrhosis.

The results of treatment in patients with antegrade
external-internal stenting are given in Table 3. The time
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Table 1

Baseline demographic and clinical characteristics
of LLS recipients with biliary stricture

Table 2

Features of treatment of recipients with biliary
stricture after liver transplantation

Parameters Parameters
Age*, months, mean = SD 27.9 +30.1 Stricture passing, n (%)
Weight*, mean + SD 11.3+43 At the 1* stage 5(26.3)
Gender, n (%) At the 2" stage 7 (36.8)
male 11 (57.6) At the 3" stage 2(10.5)
female 8 (42.1) Failed 5(26.3)
Diagnosis, n (%) Drainage replacement, n (%)
Atresia 8 (42.1) 1 2 (10.5)
Byler 1(5.3) 2 2 (10.5)
Caroli 6 (31.6) 3 2 (10.5)
Hypoplasia 1(5.3) Full cycle (removal) 8 (42.1)
Tyrosinemia 1(5.3) Biliary reconstruction 4(21.1)
Galactosemia 1(5.3) Regrafting, n (%) 1(5.3)
Alphal-Ab deficiency 1(5.3)
PELD score, mean + SD 21+94 Table 3
Transplantation, n (%) The results of treatment in patients with
Relative LLS 16 (84.2) percutaneous transhepatic antegrade external-
Split LLS 3 (15.8) internal drainage
Biliary anastomoses, n (%) Patients with interventional treatment (n = 14 )
1 13 (68.4) Mean time between replacements, days,
2 5(26.3) mean + SD
3 1(5.3) 1* replacement (10.5 Fr) 101.8 £47.3
Biliary stricture type, n (%) 2™ replacement (12 Fr) 106 £ 41
Anastomotic 17 (89.5) 3" replacement (14 Fr) 110.6 £ 28
Non-anastomotic 2 (10.5) Drainage removal 1157+ 342
Stricture development after transplantation, 17.8423.9 Follow-up*, months, mean + SD 13 +£8.7
months, mean = SD ) ) Outcome, n (%)
Note. * — at the time of transplantation; PELD — Pediatric Favorable 7(87.5)
End-stage Liver Disease. Restenosis -
Cholangitis episodes 1(12.5)

between staged drainage replacements ranged from 101
to 116 days. The average follow-up period in 8 patients
with fully completed treatment was more than a year
(13 + 8.7 months). During this period, only one of these
patients developed cholangitis, which was relieved by
systemic antibiotic therapy, and in no case there was a
restenosis of the biliodigestive anastomosis.

DISCUSSION

According to numerous studies, biliary complications
affect the survival of both grafts and recipients [9-12].

Also, for a number of reasons, endoscopic techniques
are also not always optimal. Open reconstructions often
become extensive surgical interventions, especially in the
long term after transplantation, due to the intensive adhe-
sion process. An effective minimally invasive technique
for correcting complications is essential for transplanto-
logy. This applies to other aspects of the liver transplant
program, which makes the presence of interventional
radiology an important part of the transplantation center.

The percutaneous external-internal (antegrade) drai-
nage with stenting has gained popularity in the treatment
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Note. * — after removing the external-internal drainage.

of various kinds of strictures of the hepato-pancreato-
biliary zone. The basic principles and approaches were
also transposed to the treatment of biliary strictures after
transplantation of liver fragments.

The present article sets out the basic principles of an-
tegrade treatment of biliary strictures in a rather narrow
category of patients, liver LLS recipients. The state of
permanent drug suppression, children’s age, the type of
transplanted fragment and biliodigestive option of bile
diversion are the distinctive features of these patients.

The use of exclusively balloon dilation without pro-
longed formation of an anastomosis on the frame in the
form of external-internal drainage is featured by a higher
rate of restenosis [13—15]. In this regard, the presented
technique allows the stricture to be resolved with a good
long-term effect. Also, two cases of successful treatment
of such a formidable and severe complication as NAS
should be noted, which made it possible to avoid the need
for regrafting these patients. In the present study, antegra-
de passage of the stricture was unsuccessful in five cases,
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of which in four cases (21.1%) biliary reconstruction
was required and in one case (5.3%) retransplantation.
It should be noted that the presence of a cholangiosto-
my before the operation not only allowed stabilizing
the patient by resolving jaundice and / or cholangitis,
but also served as a convenient guide for navigation in
conditions of a pronounced adhesive process. It was also
made possible to comfortably form an anastomosis on
the external-internal drainage.

The study was limited by a relatively small number
of observations associated with the relatively low fre-
quency of this complication (4.5%). Despite the fact
that the study is single-center and non-randomized, the
clinic’s successful long-term experience may be useful
for other medical institutions dealing with liver fragment
transplantation.

CONCLUSION

Timely diagnosis and correction of biliary strictures
after transplantation of liver fragments allows avoiding
the graft loss. The minimally invasive approaches with
interventional radiology can effectively eliminate biliary
strictures in most children after transplantation of the
left lateral sector of the liver. The proposed technique is
effective and safe.

The authors declare no conflict of interest.
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Objective: to determine the threshold MELD scores when prioritizing for liver transplantation. Materials and
methods. We conducted a cohort study of 350 patients who were waitlisted for liver transplantation between 2015
and 2020. Results. A logistic regression model was used to identify the independent predictors of liver transplan-
tation waitlist mortality. MELD scores and serum albumin at the time of listing were significant predictors of
mortality (p = 0.001 and p = 0.004, respectively). Their predictive values were confirmed using ROC (Receiver
Operating Characteristic) analysis. The area under the ROC curve (AUC) was 0.883 [95% confidence interval
(CI) 0.828-0.939; p < 0.001] for MELD, and 0.841 [95% CI 0.775-0.907; p < 0.001] for serum albumin. Morta-
lity odds ratio was 3.7778, 95% CI (1.619-7.765) provided that the listing MELD score was >25. Mortality odds
ratio was 2.979 (95% CI 1.63—5.95) provided that the listing serum albumin concentration was <30.1 g/L. With a
threshold MELD score of 25, there were significant differences between patient survival when comparing patient
cohorts with MELD >25 and with MELD <25 (Log-rank, p <0.0001). Conclusion. The MELD model has a high
predictive ability in prioritization of waitlisted candidates for liver transplantation. The threshold MELD score
and mortality predictors were determined. There were significant differences between patient survival among

patient cohorts with MELD >25 and with MELD <25.

Keywords: liver transplant waiting list, MELD threshold, patient survival, prioritization for liver

transplantation.

INTRODUCTION

Since the first liver transplant was performed by an
American surgeon Thomas Earl Starzl [1], the operation
has radically changed the treatment of severe liver di-
seases, significantly improving the survival of patients.

Currently, liver transplantation (LT) is a choice thera-
py for terminal liver diseases, fulminant hepatic failure
and some types of hepatocellular carcinoma (GCC) [2].
The increased indications, the higher number of patients
included in the waiting list (WL) for liver transplantation
caused a severe shortage of donor livers in almost all
countries [3-5].

In the Russian Federation, the need for LT in pati-
ents with various severe liver diseases far exceeds the
resources of transplant centers. In 2018, according to
the national register, 1,830 people were waitlisted, and
in the same year LT was performed in 505 patients, thus
reaching 3.4 per 1 million population [6].

Thus, the continued worldwide growth in the number
of patients waitlisted for LT challenges healthcare organi-
zers and transplant experts to determine the best ways to
prioritize patients in need of this treatment. Many coun-
tries of the world have started the institutions to promptly
regulate the distribution of donor organs for patients with
the highest mortality risk. In the United States, such

donor organs distribution tactics is performed by The
United Network for Organ Sharing (UNOS) NGO [7].

The optimal time for LT has not yet been determined,
as it is not clear at what stage of liver cirrhosis the need to
perform this operation arises [8]. Besides, in conditions
of significant excess of donor liver demand exceeding
the supply, the primary task is not only to determine the
timing of organ transplantation, but also to consider the
correct selection of recipients [8, 9].

When the LT was just developing, such methods as
the time in the WL, the disease severity, MELD score,
etc. were used to prioritize patients [10, 12—14]. How-
ever, the transplant community has not yet come to
consensus on what the ideal organ donation rate for LT
should be. For example, some suggest that the prioriti-
zation of patients with LT should base on the difference
between the survival rate after liver transplantation and
the survival rate of patients that are still in WL [11].

An ideal indicator for organ allocation would help
identify a relatively narrow group of patients, e. g., one
similar in size to the number of available donors and
adhere to the principle of prioritization according to me-
dical needs. When prioritizing waitlisted patients, the
MELD threshold above which LT will be most beneficial
in reducing patient mortality should be considered.

Objective: to determine the threshold MELD scores
when prioritizing the patients for liver transplantation.
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MATERIALS AND METHODS

In the course of the cohort study of patients observed
at the Center for Surgery and Donor Coordination of the
Rostov Regional Clinical Hospital, 350 patients — can-
didates for LT were included in WL from 2015 to 2020.
The study was approved by the Ethics Committee of the
Rostov Regional Clinical Hospital.

Inclusion criteria

The absolute criteria for waitlisting the patients
with terminal liver diseases was the lack of the effect
of conservative therapy in the previous stages. Additi-
onal indications were the following: ascites or hepatic
hydrothorax development, antibiotic relief of spontane-
ous bacterial peritonitis (SBP) in the disease history, the
presence of cholestasis, hepatic encephalopathy (HE)
and / or gastrointestinal varicose bleeding. The condition
for inclusion in WL of the patients with alcoholic liver
disease (ALD) was the abstinence for at least 3 months
confirmed by the conclusions of experts in narcology
and psychiatrists. At waitlisting, in the dynamics of the
disease course and the development of any outcomes,
the following indicators were calculated: the original
and improved indices, MELD [14] and MELD-Na [15]
as well as the Charlson comorbidity index (CCI) and
Child-Turcotte-Pugh (CTP). The patients were waitlisted
at MELD >16.

Exclusion criteria

Patients with severe pulmonary heart disease and
those continuing alcohol ingestion at the time of the
study were excluded. The study did not include HCC
patients, the patients waitlisted due to decompensation
and delisted due to reasons other than recompensation.
The study excluded patients waitlisted for reasons other
than decompensation (recurrent cholangitis at primary
sclerosing cholangitis), as well as waitlisted patients for
the following reasons: widespread thrombosis of portal
vein and its main arteries; Budd-Chiari syndrome, sinu-
soidal obstruction syndrome; polycystic liver disease,
and amyloidosis. The patients waitlisted for regrafting
or with previous transplants of other organs and patients
with acute liver failure were to be excluded from the
study.

Diagnostic testing

At waitlisting, the patients underwent clinical exami-
nations, laboratory tests of blood and urine, biochemi-
cal and hemostasis parameters studies. HBV and HCV
screening and diagnosis were based on enzyme-linked
immunosorbent assay (ELISA) for the corresponding
markers and qualitative and quantitative determination
of viruses in blood by polymerase chain reaction (PCR).
All patients underwent elastography and in some cases,
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liver biopsy followed by morphological examination.
Ascitic fluid analysis was made in some patients.

Therapy

Conservative therapy in the waitlisted patients was
performed by syndromes, with non-selective B-blockers,
diuretics, L-ornithine-L-aspartate combined with lactu-
lose and rifaximin per os (if the overt or latent hepatic
encephalopathy was present). Some patients underwent
extracorporeal hemocorrection (plasma adsorption and
prolonged veno-venous hemodiafiltration). If HCV and
HBYV infections were diagnosed, all patients received
antiviral therapy, which included direct antiviral (HCV)
drugs and nucleoside reverse transcriptase inhibitors
(HBV). In patients with autoimmune diseases, therapy
included immunosuppressants and glucocorticosteroids.

In connection with recurrent varicose bleeding, some
patients received transjugular portosystemic shunts
(TIPS) and azigo-portal disconnection (APD) surgery
according to the original technique (RF patent 2412657)
[16]. Orthotopic liver transplantation (OLT) was perfor-
med in 59 patients.

Study design

Depending on the disease outcome, the patients wait-
listed at the Center for Surgery and Donor Coordination
of the Rostov Regional Clinical Hospital were divided
into 4 cohorts. The first cohort included 51 patients with
LC recompensation due to the therapy. The criteria for
the diagnosis of liver cirrhosis (LC) recompensation
were the absence of ascites and / or hepatic hydrothorax;
absence of peripheral edema (at diuretics discontinua-
tion); absence of PE (without drugs aimed at stopping
it); decrease in the MELD (<15) and CTP for at least 6
months with confirmed steady compensation of liver
function [17]. The second cohort (liver function sub-
compensation) consisted of 153 patients who failed to
achieve CP recompensation and remained in WL. The
third cohort included 87 patients with lethal outcomes.
The fourth cohort consisted of 59 patients who under-
went OLT.

The primary endpoint was a survival study for the
waitlisted patients. The secondary endpoint of the stu-
dy was the definition of the MELD threshold values to
prioritize the selection of LT candidates.

Statistical data processing

The data was analyzed using the IBM SPSS Stati-
stics software (v. 21). The type of distribution of the
obtained data and the subsequent choice of parametric
or nonparametric analysis was determined with Kolmo-
gorov—Smirnov test. In case of normal distribution of
samples, the data were represented by arithmetic means
(M) and standard deviation (SD) with 95% confidence
interval (CI). The statistical significance of the diffe-
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rences between the compared parameters with normal
distribution was determined by Student’s t-test. If the
sample showed the absence of the normal distributi-
on, nonparametric tests were used: Wilcoxon for paired
comparisons of dependent variables, Mann—Whitney (U
test), Pearson’s Chi-square for comparison of indepen-
dent variables. Quantitative indicators in samples with a
distribution other than normal were presented in the form
of amedian and an interquartile range (IQR), the interval
between the 25™ and 75" percentiles. Frequencies and
proportions (%) were calculated to assess the qualitative
data. Differences between the compared parameters were
considered statistically significant with the error rate less
than 0.05 (p < 0.05).

Mortality predictors were defined through regression
analysis (logistic regression). The odds ratio was calcu-
lated for significant mortality predictors with 95% CI.
To assess the quality of the regression model (predictive
power of the model), ROC curves (Receiver Operating
Characteristic) were plotted, and the AUC (Area Un-
der Curve) was calculated. The statement that the AUC
ROC does not differ from 0.5 [18] was taken as a null
hypothesis.

The survival rate was assessed by Kaplan—Meier,
the mean and median survival times were determined
by criteria of Log-Rank (Mantel-Cox), Breslow, and
Tarone-Ware.

RESULTS

In Kolmogorov—Smirnov test, patients’ age, body
mass index (BMI), leukocyte count, albumin concent-
ration, MELD, MELD-Na at the time of waitlisting cor-
responded to the normal distribution and were analyzed
with parametric statistics methods.

Such parameters as the severity of hepatic encepha-
lopathy, alkaline phosphatase activity, Na, creatinine and
bilirubin concentrations, INR, CCI and CTP at the time
of waitlisting did not correspond to the normal distribu-
tion, and nonparametric statistical methods were used

for their subsequent analysis (Mann—Whitney, U-test,
Chi-square).

Tables 1 and 2 show demographic parameters, the
results of clinical, laboratory studies, BMI, MELD,
MELD-Na, CCI, and CTP in cohorts of patients with
LC recompensation (n = 51), LC subcompensation (n =
153), the patients who died during their stay in WL (n =
87) and those who underwent OLT (n = 59).

Fig. 1 shows the MELD of the waitlisted patients
of all cohorts. The MELD index in the group of pati-
ents with lethal outcomes significantly differed from
the parameters of other compared cohorts. Patients with
LC recompensation and lethal outcomes were subjected
to regression analysis (logistic regression). MELD and
blood plasma albumin (p =0.001 and p = 0.004, respec-
tively) were significant mortality predictors.

AUCs were calculated for MELD scores and albumin
concentrations, and ROC curves for these parameters
were plotted (Fig. 2).

AUC ROC for MELD was 0.883 [95% CI 0.828—
0.939; p<0.001]. AUC ROC for albumin concentration
was 0.841 [95% CI 0.775-0.907; p < 0.001].

The odds ratio (OR) for the development of mortality,
provided that at waitlisting MELD score >25, was 3.778,
95% CI (1.619-7.765). The OR for the development of
mortality, provided that at waitlisting the concentrati-
on of plasma albumin <30.1 g/L, was 2.979 (95% CI
1.63-5.95).

The survival was analyzed depending on MELD
scores with Kaplan—Meier and Log-rank (Mantel-Cox),
Breslow, and Tarone-Ware criteria. The study showed
that the survival rate of waitlisted patients depended
on the MELD score. There were significant differences
between patient survival when comparing cohorts of
patients with MELD scores >25 and <25 (Log-rank, p <
0.0001; Breslow, p <0.0001; Tarone-Ware, p <0.0001).
According to the developed model, the function of sur-
vival was identified with the development of mortality
at certain times for specific patients (Fig. 3).

Table 1
Comparative characteristics of patient indices in study cohorts
with normal distribution of the data sample
Parameters at waitlisting Cohorts of patients
1 2 3 4
(n=151) (n=153) (n=287) (n=159)
M=+ SD M+ SD M + SD M+ SD
Age, years 48.35+9.93* 51.85+9.32 50.98 + 11.35¢ 45.02 = 11.94°
BMI, kg/m* 27.72 £4.47 26.80 = 4.46 24.50 £4.18° 25.29 + 4,134
WBC, x10°/1 3.75 £ 0.49* 3.34+£0.69° 2.69 £ 0.74" 3.22+0.70%
Plasma albumin, g/l 37.76 + 4.73 33.27+6.79 28.39 +7.67™ 31.69 +5.18
MELD-Na 18.33 £ 1.93* 20.59 + 4.46° 25.97 £ 8.30" 20.93 + 5.64

Note. 1 — LC recompensation; 2 — LC subcompensation; 3 — died in WL; 4 — OLT; * — p < 0.05 comparison between groups 1
and 2; *—p < 0.05 comparison between groups 2 and 4; ° — p < 0.05 comparison between groups 3 and 4; ¢ — p < 0.05 compari-
son between groups 1 and 4; °—p < 0.05 comparison between groups 2 and 3; ™ —p < 0.05 comparison between groups 1 and 3.
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Table 2
Comparative characteristics of patient indices in study cohorts

in the absence of normal distribution of the data sample

Parameters at waitlisting Cobhorts of patients
1 2 3 4
(n=>51) (n=153) (n=87) (n=59)

Median (IQR) or % Median (IQR) or % Median (IQR) or % Median (IQR) or %
Male gender, % 64.7 50.3 55.2 57.6
Hepatic encephalopathy |5 ¢ (1 o2 o)« 2.0 2.0-2.0y 2.0 (3.0-3.0)" 2.0 (2.0-3.0)¢
severity
CCI 7.0 (5.0-8.0)* 9.0 (7.5-11.0) 14.0 (13.0-14.0)" 9.0 (7.0-11.0)°
CTP 14.0 (13.0-14.0) 14.0 (12.0-14.0) 14.0 (13.0-14.0) 14.0 (13.0-14.0)*
PLT, x107/1 94.0 (78.0-126.0)* 67.0 (49.0-96.0)° 45.0 (32.0-72.0)" 43.0 (58.0-86.0)
ALP, U/l 243.0 (167.0-365.0) | 273.0 (148.5-383.5)° | 387.0 (286.0-500.0)" | 287.0 (217.0-401.0)°
Na, mmol/l 139.0 (137.0-141.0)* | 138.0 (136.0-140.0)° | 137.0 (136.0-139.0)™ | 138.0 (136.0-140.0)

Creatinine, pumol/l

109.0 (93.0-120.0)

112.0 (86.0-132.5)°

139.0 (111.0-187.0)"

120.0 (96.0-143.0)*

Bilirubin, pmol/l

79.0 (61.0-103.0)*

72.0 (51.0-95.0)°

93.0 (58.0-198.0)"

72.0 (48.0-96.0)

IHR

1.4 (1.4-1.6)*

1.8 (1.6-2.0)°

2.0 (1.6-2.5)"

1.6 (1.4-1.8)"

Note. 1 — LC recompensation; 2 — LC subcompensation; 3 — died in WL; 4 — OLT; * — p < 0.05 comparison between groups 1
and 2; *—p < 0.05 comparison between groups 2 and 4; ° —p < 0.05 comparison between groups 3 and 4; ¢ — p < 0.05 compari-
son between groups 1 and 4; °—p < 0.05 comparison between groups 2 and 3; ™ —p < 0.05 comparison between groups 1 and 3.
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Fig. 1. MELD score in compared patient cohorts. Vertical bar on the box plot, the median; upper line, 75% of the quartile;
lower line, 25% of the quartile; range, 95% CI; p, statistical significance of differences

DISCUSSION

LC is featured by high morbidity and mortality rates,
reaching more than 48 thousand annually worldwide,
or 2.4% of the total number of deaths. For 27 years in
Russia, the number of patients with decompensated LC
has almost doubled [19]. Decompensated LC is asso-
ciated with poor prognosis and poor quality of life for
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patients. For the majority of patients with decompensated
LC, LT remains the only treatment method [20], but in
some patients there is a possibility of LC recompensation
(stabilization of liver function) with subsequent delisting

of patients [17, 21].

We found that in patients with LC recompensation,
the level of leukocytes and the concentration of albumin
were significantly higher in comparison with other stu-
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died cohorts. At the same time, in this group, INR, the
severity of hepatic encephalopathy, bilirubin, Na levels,
platelets, MELD, MELD-Na, and CCI were significantly
lower than in other cohorts.

Recompensation of terminal liver disease (TLD) of
various etiologies is possible at a combination of factors.
First, the preserved liver reserves and the presence of a
“point of return” of the lost function after the damaging

ROC curves
1.0 = -

0.8

o
o

Sensitivity

o
~

0.2

0.0 T T T T
0.0 0.2 0.4 0.6 0.8

1 — Specificity

1.0

Fig. 2. ROC-curve for MELD and albumin in blood of the
patients at waitlisting as mortality predictors. Diagonal seg-
ments are formed by matches. Curve source: green, albumin
concentration at waitlisting; red, MELD at waitlisting; black,
baseline

factors discontinue, which is confirmed by the better
parameters of liver function in comparison with other
cohorts during the listing, and second, the better response
to the therapy.

In 57% of cases, patients with LC recompensation
underwent etiological and pathogenetic therapy (azathi-
oprine for patients with autoimmune LC etiology, direct
antiviral (HCV) drugs, sofosbuvir + daclatasvir and so-
fosbuvir/ledipasvir). In 71% of cases, patients received
anon-selective B-blocker (carvedilol), in 100% of cases,
diuretics and in 84% of cases, hepatic encephalopathy
therapy (L-ornithine-L-aspartate intravenously in com-
bination with lactulose and rifaximin per os). In addition
to drug therapy, 31% of patients underwent APD, 47%,
single endoscopic varicosity ligation, 22%, repeated li-
gations. Extracorporeal hemocorrection was performed
in 16% of cases.

From the point of view of relieving the factors causing
LC progression and complications development, signifi-
cant advancements have been made recently. The use of
vasopressors, antibiotics, and minimally invasive surgery
techniques have significantly improved the prognosis for
patients with acute variceal bleeding [22, 23]. The use of
modern antimicrobial therapy has reduced the number
of deaths from sepsis and septic shock [24]. Combined
treatment of HRS with albumin and vasopressors also led
to significant improvements in the outcome in TLD. Suc-
cessful and timely HCV eradication with a subsequent
decrease in LH and fibrosis can lead to the development
of LC recompensation, thus making it possible to signi-
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Fig. 3. Comparison of survival curves of patients with different MELD scores by log-rank. The time to death (time from

waitlisting to death) is shown
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ficantly “unload” WL, which is important in conditions
of organ deficiency [21, 25, 26].

Antiviral therapy, AIH treatment with azathioprine
and TIPS are counted as probable factors causing the
development of LC recompensation with subsequent de-
listing of patients [17]. We believe that the development
of recompensation in patients who left WL in the present
study was determined by such factors as successful HCV
antiviral therapy, the use of immunosuppressants in au-
toimmune diseases, treatment of hepatic encephalopathy,
prescription of diuretics and nonselective B-blockers.
Surgical treatment seems to have also made a certain
contribution to the results of conservative treatment of
the patients.

When prioritizing the waitlisted patients, it is worth
relying on the CTP index, which was originally used to
assess the severity of liver disease and predict the out-
come of LC and has recently been used to stratify LC
patients [20, 27].

In the present study, in all four cohorts, CTP did not
significantly differ, thus showing its limited capabilities
due to the subjectivity of ascites and hepatic encephalo-
pathy indicators, frequent discrepancies between the cli-
nical picture and the actual data of ultrasonography, psy-
chometric testing, and electroencephalography [20, 28].

Other considered prognostic indices (MELD and its
modification MELD-Na), in contrast to CTP, had signi-
ficant differences in their values in the studied cohorts
of patients: LC and OLT recompensation; LC recompen-
sation and death; LC subcompensation and death; OLT
and death. MELD and MELD-Na did not significantly
differ between the cohorts of patients with LC and OLT
subcompensation.

One of the most serious concerns for CRD patients
awaiting transplantation is mortality the risk while in
WL. In the present study, special attention was paid to
the cohort of patients with LC subcompensation, since
the therapy here did not allow achieving compensation
of liver function in most cases. The patients in this group
can move to other cohorts. Due to fluctuations in such
laboratory parameters as creatinine and bilirubin, which
inevitably occur during the treatment of LC patients, for
example, with diuretic therapy or if the patient has sepsis
or hemolysis, the use of the MELD index may be limited.
A significant drawback of the clinical use of the index is
its ability to predict only the short-term survival of LC
patients, while the time spent in the LT WL in 63% of
cases can be as long as one year; thus, when assessing a
period of more than 3 months, the predictive accuracy of
MELD significantly decreases [12, 14, 29, 30].

Despite its specificity in assessing the severity of LC,
MELD does not take into consideration a number of
other equally important clinical, instrumental and labo-
ratory parameters, thus reduces the diagnostic value of
the method and not providing full trust in the indicator
when assessing an unfavorable outcome of the disease
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for a period of more than three months. The progress of
TLD while in the WL can be unpredictable, and mortality
grows exponentially [31] due to the development of an
acute decompensating event (e. g., SBP and bleeding
from esophageal varices) [30].

Thus, patients can live with a low MELD score (and
therefore a low predicted mortality risk) for months or
even years without realizing that a sudden breakdown
in the SBP course may happen any time.

In our study, a fatal outcome occurred in 30% of the
waitlisted patients. In this cohort of patients, the median
WL stay was 10.8 = 9.8 months. The MELD-Na index
varied and exceeded 16 points in 84% of cases, avera-
ging 25.97 + 8.30. Significant predictors of mortality
in regression analysis were MELD and blood plasma
albumin at the time of inclusion in the WL (p = 0.001
and p =0.004, respectively). The chosen model had high
predictive power, sensitivity and specificity, as evidenced
by AUC for both independent variables (0.883 and 0.841,
respectively) and the ROC curves. This is confirmed by
the OR calculation, which showed that in patients with
MELD >25 at the time of inclusion in the WL, the pro-
bability of mortality increases by 3.778 times.

Despite the functioning system of patient prioriti-
zation with the MELD score [29] and the donor organ
distribution system (UNOS), one in five patients (20%)
in WL do not live to see this operation [30]. It can be
assumed that the cause of death of these patients was
the failure to perform LT due to improper stratification
and / or deficiency of the donor organs, as well as the
sudden TLD decompensation [30, 31]. This may indicate
that the fate of the patient depends both on the correct
tactics and the competence of the specialists managing
the LT WL.

In the present study, hypoalbuminemia was ano-
ther independent mortality predictor. This condition is
a known independent risk factor for mortality in TLD
patients as a malnutrition marker, and an increase in
albumin concentration in blood plasma predicts the pa-
tient recompensation [17, 26]. This was confirmed by
calculating the OR for the mortality development. If
the concentration of blood plasma albumin at the time
of waitlisting was <30.1 g/l, the probability of mortality
increased by 2.979 times.

Noteworthy is our analysis of survival with Kaplan—
Meier method and Log-rank (Mantel-Cox), Breslow, and
Tarone-Ware criteria depending on MELD. It was found
that the survival rate of patients in the WL is determi-
ned by MELD value, namely, its threshold value of 25
points, since there were significant differences between
patient survival when comparing cohorts of patients with
MELD >25 and MELD <25 (Log-rank, p < 0.0001).

Which of the patients in the LT WL should be gi-
ven priority? This is an exceedingly difficult question,
and many factors must be considered to answer it. For
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the purposes of this study, we have shown that priority
should be given to patients with MELD >25.

Adaptation of the MELD index to determination of
the disease severity and prioritization of the patients
access to LT made it possible to distribute donor or-
gans to the most severe patients, regardless of the time
of their inclusion in WL [14]. This approach has redu-
ced mortality in patients awaiting LT in many countries
[32]. Nevertheless, there are still limitations in the use
of the MELD indicator, in particular in patients with
cholestatic liver diseases [14, 15]. In this category of
patients, until the latest TLD stages, MELD remains
low due to the normal values of its constituent parts,
i. e., IHR and creatinine level. Patients with refractory
ascites, hepatopulmonary syndrome, and even chronic
hepatic encephalopathy maintain liver function for a long
time [32]. Thus, in these patients, in addition to MELD,
other indicators must be considered for the timely im-
plementation LT [33].

In the present study, mortality after OLT was 15% (9
deaths within 2 years after surgery). The average MELD
score in this category of patients was close to but did not
exceed 21. Merion et al. [9] showed that in patients with
MELD scores of 18-20 after LT, the risk of mortality
decreased by 38% compared to those patients who re-
mained in WL. At the same time, in patients with MELD
score of 15—17, the mortality risk was higher (21%) after
LT than in patients remaining in the WL. This compa-
rison highlighted the lack of LT efficacy at low MELD
scores, despite the fact that in general, these patients had
79% lower mortality risk compared to those remaining
in the WL [8]. The variability in assessing the results
of LT has shown the need for additional requirements
for selection of the patients and organs for LT to ensure
its maximum efficacy [8, 34]. For this, it is proposed to
use prioritization based not only on MELD, but also the
deceased-donor risk index (DRI). It has been establis-
hed that an organ with a high DRI index provides good
survival of recipients after LT with high, not low MELD
scores [35, 36]. Beal et al. [11] showed that at MELD
<15, LT did not produce the expected effect. The pre-
sent study also showed that LT was most effective with
MELD scores of 21 or less.

CONCLUSION

Prioritizing certain patients on the waiting list as
candidates for liver transplantation is a difficult choice
for transplant surgeons. Our study showed that one ap-
proach to solving this problem, which would satisfy the
set goals — to reduce the mortality of patients awaiting
liver transplantation and are on a long-term waiting list,
is to determine the threshold value of MELD. The MELD
model turned out to be predictive in terms of mortality
in patients in WL liver transplantation: significant pre-
dictors of mortality in regression analysis were MELD
and plasma albumin at waitlisting (p = 0.001 and p =
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0.004, respectively). The predictive value of the chosen
model is confirmed by the AUC calculation for both
independent variables (0.883 and 0.841, respectively)
and ROC curves, as well as OR, which showed that in
patients with MELD >25 at waitlisting, the probability
of mortality increased by 3.778 times. The odds ratio for
the mortality, provided that the plasma albumin concen-
tration at waitlisting was <30.1 g/L, was 2.979 (95% CI
1.63-5.95).

MELD threshold score was 25, since there were si-
gnificant differences between survival when comparing
cohorts of patients with MELD >25 and MELD <25
(Log-rank, p < 0.0001).

The authors declare no conflict of interest.
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EFFICACY OF ALBUMIN DIALYSIS AS A BRIDGE
TO TRANSPLANTATION IN CHILDREN WITH END-STAGE LIVER
DISEASE
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Liver transplantation is the only effective treatment modality for end-stage liver disease. However, donor organs
are not always available. In some cases, the gravity of the patient’s condition makes transplantation impossible.
In this regard, the use of artificial liver support systems helps in preparing a patient for transplant surgery. Ob-
jective: to conduct a retrospective study aimed at evaluating the efficiency of fractionated plasma separation and
adsorption system. Materials and methods. From January 2019 to May 2020, 139 pediatric liver transplants were.
We analyzed the data of 5 pediatric patients (2 girls and 3 boys, aged 12 to 17 years) who received fractionated
plasma separation and adsorption (FPSA) sessions as a bridge to transplantation. The main clinical indication for
FPSA was severe hepatic encephalopathy (grade 3 according to the West Haven Criteria), which was observed
at 350-872 umol/L (average 597 + 98 pmol/L) serum bilirubin level. The FPSA sessions were conducted on a
Prometheus device using AV-600 hemofilters as dialyzers (Fresenius Medical Care, Germany). Results. Depen-
ding on the extent of bilirubinemia in patients, it took from one (in one case) to three (in one case) daily FPSA
sessions to restore clear consciousness, appetite and physical activity. Average bilirubin levels after treatment
cycles decreased from 597 £ 98 to 236 &+ 73 umol/L. All patients successfully underwent liver transplant surgery
within two to five days, two patients received a liver fragment from a living related donor. Conclusion. The
FPSA system stabilizes the condition of potential recipients with acute liver failure. Further research is required
to develop optimal regimens for albumin dialysis.

Keywords: cirrhosis, liver failure, albumin dialysis, liver transplantation, pediatric liver transplantation,
extracorporeal liver support, hepatic encephalopathy, fractionated plasma separation and adsorption.

INTRODUCTION

Transplantation is the only radical method of treating
patients with terminal liver diseases. However, the donor
organ is not always available at the right time, and in
some cases successful transplantation is hindered by the
severity of the patient’s condition. In such cases, the use
of artificial liver support systems allows the patient to
get prepared for transplantation. Over the last decades,
a large number of such systems have been developed,
both biological systems with hepatocytes and fully ar-
tificial [1-3]. Of the latter, systems based on albumin
dialysis with membranes of high, up to 250 kDA, cutoff
point, and containing a standard hemodialysis block for
the injection of water-soluble substances [4]. Most of
the studies of the past two decades focus on the use of
albumin dialysis in cases of acute or acute chronic liver
failure, are highly heterogeneous in the patients included,
and therefore have hardly comparable results.

The purpose of the present retrospective study was
to assess the efficacy and safety of one of the albumin

dialysis systems, fractionated plasma separation and ad-
sorption (FPSA) in the practice of the transplant center in
the preparation of pediatric and adolescent patients with
terminal hepatic failure for urgent liver transplantation.

MATERIALS AND METHODS
Patients

From January 2019 to May 2020, 139 transplants
were performed in the pediatric patients (under 18 years
of age). During this period, 5 children received at least
one FPSA session in the preoperative period. Severe
hepatic encephalopathy was the main clinical indication
for the use of FPSA, assessed on the West-Haven Criteria
[5]. The study was performed in compliance with the
ethical principles of biomedical research as reflected in
the World Medical Association Declaration of Helsinki.
All medical interventions are envisaged by the standard
protocols of the Center.
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Fractionated plasma separation and
adsorption sessions

The FPSA sessions were done on the Prometheus
device (a schematic diagram of the extracorporeal circu-
lation see Fig. 1). AV 600-1000 hemofilters (Fresenius
Medical Care, Germany) were used as hemodialyzers.
The standard session lasted for 6 hours at a blood flow
rate of 180—250 ml/min and a circulation rate in the al-
bumin circuit of 300-350 ml/min.

Vascular access was performed with standard 12F
dual-lumen dialysis catheters implanted into the right
1JV under ultrasound control. At this, coagulopathy and
thrombocytopenia did not contraindicate vascular access.

The number of FPSA sessions was determined by the
availability of a cadaver or live related donor for liver
transplantation. Albumin dialysis sessions were carried
out in the ICU every day until clear clinical improve-
ments manifested by the elimination of manifestations
of hepatic encephalopathy in the form of restored con-
sciousness, physical activity and appetite.

A bicarbonate acetate-free dialyzing liquid of the fol-
lowing composition was used: Na"— 138-140, K" —4.0;
Ca™ - 1.75; Mg™ — 1.0; glucose — 10.0; bicarbonate —
32.0 (mmol/1) with a flow of 500 ml/min at 36.0-36.5 °C.
Ultrafiltration was performed in volumes corresponding
to transfusion therapy during the procedure. Anticoagu-
lation in the extracorporeal circuit was carried out by
dosed administration of heparin along two lines, before
the plasma filter and along the additional line, before
the hemodialyzer under the control of ABC and APTT.
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Surgical techniques, immunosuppression protocols,
and the principles of examination of related donors are
detailed in previous publications [6-9].

Statistical analysis

Demographic and clinical data are expressed as
frequency and percentage for qualitative variables and
as mean and standard deviation (SD) for quantitative
variables. To compare parametric indicators between
groups, the Student’s t-test was used and for comparison
of non-parametric indicators Fisher’s exact test. When
testing statistical hypotheses, differences were conside-
red statistically significant at p < 0.05. All calculations
and data analysis were performed with SPSS version 23
software package (IBM, USA).

RESULTS

The clinical and demographic characteristics of pa-
tients are given in Table 1. Attention is drawn to the
adolescence of patients in the study group (12.4 years,
SD + 3.4; p=0.004), as well as diseases that led to ter-
minal liver disease: Wilson disease (one case), autoim-
mune hepatitis (one case); in three cases the etiology of
terminal liver damage has not been verified. The mean
PELD/MELD level was higher than in the general group
(34.2,SD +£9.6; p=0.017), and the UNOS status corre-
sponded to 2a or 1. Of the five patients receiving FPSA,
two patients were hospitalized directly in the ICU, three
were transferred for treatment within two to three days
after admission. The main clinical indication for FPSA
was severe hepatic encephalopathy (grade 3 according
to the West Haven Criteria). Similar symptoms were

dialysate contour

— Hemodialysis

— High Flux dialyzer
— Removal of water-soluble toxins

FPSA contour (plasma contour)

— Albumin filter (AlbuFlow®)

— Removal of albumin-bound toxins
(prometh 01, prometh 02)

adsorber 1

plasma contour

Fig. 1. Prometheus albumin dialysis. Schematic diagram of the extracorporeal circulation circuit [10]
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Table 1
Baseline characteristics of patients
Parameters No indications for FPSA, n =134 | Performed FPSA,n=15 p

Age, years, mean + SD 42+5.1 124+3.4 0.004
Gender, n (%) 0.661

Female 73 (54.5) 2 (40)

Male 61 (45.5) 3 (60)
Weight, kg, mean + SD 17.6 £ 17 50.2+17.7 0.014
PELD/MELD, mean = SD 18+9.9 342+9.6 0.017
Encephalopathy, grade, n (%) 0.000

011 134 (100) -

111 — 5 (100)
Diagnosis -

Biliary atresia 47 (35.1) -

PFIC 14 (10.4) -

Biliary hypoplasia 12 (9.0) -

FCC 12 (9) -

Cirrhosis, undefined 11 (8.2) 3 (60)

AIH 6 (4.5) 1(20)

PSC 5@3.7) -

Wilson disease 43 1 (20)

Graft disfunction 4(3) -

Mucoviscidosis 43 -

Alagille syndrome 3(22) -

Glycogenosis 2 (1.5) -

Primary hyperoxaluria 2(L.5) -

Tyrosinemia 1b 2 (1.5) -

Hepatoblastoma 1(0.7) -

HCC 1(0.7) -

Crigler-Najjer Syndrome, | 1(0.7) -

Ketoacidemia 1(0.7) -

Hemochromatosis 1(0.7) -

Joubert syndrome 1(0.7) —
GRWR %, mean + SD 3+£1.3 2.1+0.3 0.103
Transplant, n (%) -

Full liver 5@3.7) 3 (60)

Left lobe 16 (11.9) 1(20)

LLS 91 (67.9) -

Right lobe 14 (10.4) 1(20)

Split-LLS 6 (4.5) -

Split-ERL 2 (1.5) —
Follow-up, months 9+53 10.2£4.2 0.583

Note. FPSA, Fractionated Plasma Separation and Adsorption; PELD, Pediatric End-Stage Liver Disease; MELD. Model of
End-Stage Liver Disease; PFIC, Progressive familial intrahepatic cholestasis; FCC, Fibrocholangiocystosis; AIH. Autoimmu-
ne hepatitis; PSC, Primary sclerosing cholangitis; HCC, Hepatocellular carcinoma; GRWR, Graft-to-recipient weight ratio;

LLS, Left lateral section; ERL, Extended right lobe.

observed at a bilirubinemia level of 350-872 with 597 +
98 (umol/L) average. The main laboratory parameters at
admission are summarized in Table 2: marked hyperbi-
lirubinemia, cytolytic syndrome, anemia, hypoproteine-
mia with low albumin levels, coagulopathy.

The number of FPSA sessions required to regress
encephalopathy correlated with baseline bilirubinemia
level. Thus, in a patient with a bilirubin concentration
of 350 umol/L, one session was sufficient, while a pati-
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ent with a maximum level of 872 umol/L needed three
treatment sessions. The dynamics of the mean biliru-
bin concentration values during the FPSA treatment is
shown in Fig. 2. At the end of the course of treatment,
the mean bilirubin concentration decreased from 597 +
98 to 236 + 73 umol/L. It should be noted that after the
end of treatment, there was a tendency towards a regular
increase in this parameter.



ORGAN TRANSPLANTATION

All five patients underwent liver transplantation
within two to five days after FPSA treatment: in two
cases, liver fragments were transplanted from live rela-
ted donors, in three — from cadaver donors. The mean
level of bilirubinemia before transplantation was 496 +
108 pmol/L, while encephalopathy recurrence was not
observed.

Of the technical complications during albumin dia-
lysis, it is worth noting thrombosis of the extracorporeal
circuit in one case, which was obviously associated with
a low level of AT III (11%); in this case, an effective
treatment session was performed after administration of
two doses of fresh frozen plasma. The average heparin
doses required for adequate anticoagulation in the ext-
racorporeal circuit averaged 1122.2 +259.9 IU/h along
the standard line before the plasma filter and 765.7 +
287.2 1U/h along the additional line before the hemodi-
alyzer. There were no clinical complications during the
treatment sessions; hemodynamic parameters remained
stable.

All patients were discharged from the clinic and are
currently being followed up with functioning grafts.

700
600 NS*
500
400

p<0.01%
300
200

100

Bilirubin concentration (uwmol/1)

After
15 session

After Before
treatment transplantation
course

Before
treatment

Fig. 2. Mean serum bilirubin change during FPSA sessions
and before liver transplantation. * — compared to the concen-
tration before treatment

Table 2
Characteristics of patients receiving FPSA
Parameters n=>5

Age, years, mean + SD 124+3.4
Gender, n (%)

Female 2 (40)

Male 3 (60)
Weight, kg, mean + SD 502+£17.7
PELD/MELD, mean + SD 342+9.6
Laboratory indicators upon admission

T. bil, pmol/Il 553.6 £154.3

ALT U/L 193.2+132.8

AST U/L 318.6 £ 158.5

Hb, g/L 732+49

Total protein, g/ 63.6 £ 10.1

Albumin, g/L 29.0+34

AT 1I1,% 17.8+11.5

PLT, 10/ pl 60.2 +£27.5

PL, % 326 +11.0

APTT, C 58.0+7.38
FPSA sessions, n, mean + SD 241
Complete encephalopathy regression with FPSA, n (%)

Yes 60%

No 40%
Difference in total bilirubin level after FPSA session, pmol/L

After 1¥ session (n = 5) 68.8 £ 159.9

After 2" session (n = 5) 32.8+89.4

After 3" session (n = 1) 77

After 4™ session (n = 1) 60
Survival,% 100
Follow-up after transplantation, months 10.2+£4.2

Note. PELD, Pediatric End-Stage Liver Disease; MELD, Model of End-Stage Liver Disease; T. bil., Total bilirubin; ALT —
Alanine aminotransferase; AST, Aspartate aminotransferase; Hb, Hemoglobin; AT III, Antithrombin III; PI — Prothrombin

index; APTT — Activated partial thromboplastin time.
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DISCUSSION

Albumin dialysis systems aimed at maintaining liver
function, and in particular the FPSA system, have been
used in clinical practice for over twenty years. Already
in the first studies, the ability of FPSA was shown to
significantly reduce the concentrations of bilirubin, bile
acids, and ammonia [11]. In subsequent studies, the ef-
fectiveness of the system was confirmed: there was a
decrease in the activity of transaminases [12], as well as
the concentration of amino acids [13], including those
involved in the development of hepatic encephalopathy.
The number of studies evaluating the clinical efficacy
of FPSA is extremely limited. There are indications of
regression of encephalopathy when using the system [14]
and optimization of hemodynamic parameters [15]. In
two studies evaluating the effectiveness of treatment by
endpoints, there was no significant reduction in mortality
with the FPSA [16, 17]. Moreover, a large randomized
controlled trial in which FPSA was compared with stan-
dard therapy was terminated early [17], and only further
analysis of patient subgroups revealed an improvement
in the survival of the most severe patients with the use
of FPSA. Such results can be explained by the extreme
heterogeneity of the patients involved in the research
and the lack of clear recommendations for therapy and
its programs.

The present study, which used FPSA as a bridge to
liver transplantation, came to quite encouraging results.
Treatment courses, the duration of which was determined
by the initial bilirubin concentration, made it possible to
significantly reduce bilirubinemia and achieve a clear
regression of encephalopathy. Interesting is the fact that
at the end of treatment there was a regular increase in the
level of bilirubinemia in the absence of encephalopathy
recurrence. A plausible explanation for this phenomenon
can be found in the literature. Thus, in the model of hepa-
tic encephalopathy, a significant decrease in intracranial
pressure was noted after FPSA sessions [18], which may
contribute to the persistence of the clinical effect. In the
present series of observations, the maximum period after
the end of the course of treatment before liver transplan-
tation did not exceed five days; possibly, with a longer
waiting time for transplantation, it may be necessary to
resume therapy.

CONCLUSION

The FPSA albumin dialysis system is an effective and
safe method of preparing for transplantation in patients
with terminal liver failure. If there is a real prospect of
liver transplantation, this technique can be considered
as lifesaving. Further research is needed to clarify the
indications for initiating therapy and working out treat-

34

ment programs when prolonging the waiting time for a
transplant.

The authors declare no conflict of interest.

REFERENCES

1. Saliba F, Samuel D. Attificial liver support: a real step
forward. Minerva Med. 2015; 106 (1): 35-43.

Jain V, Dhawan A. Extracorporeal Liver Support Sys-
tems in Paediatric Liver Failure. J Pediatr Gastro-
enterol Nutr. 2017; 64 (6): 855-863. doi: 10.1097/
MPG.0000000000001500.

Cucchiari D, Reverter E, Blasco M et al. High cut-off
membrane for in vivo dialysis of free plasma hemoglo-
bin in a patient with massive hemolysis. BMC Nephrol.
2018; 19 (1): 250. Published 2018 Oct 4. doi: 10.1186/
s12882-018-1051-x.

Garcia Martinez JJ, Bendjelid K. Artificial liver support
systems: what is new over the last decade? Ann Intensi-
ve Care. 2018; 8 (1): 109. Published 2018 Nov 15. doi:
10.1186/513613-018-0453-z.

Ferenci P, Lockwood A, Mullen K, Tarter R, Weissen-
born K, Blei AT Hepatic encephalopathy: definition,
nomenclature, diagnosis, and quantification: final report
of the working party at the 11th World Congresses of
Gastroenterology, Vienna, 1998. Hepatology. 2002; 35:
716-721. doi: 10.1053/jhep.2002.31250.

Gautier SV, Konstantinov BA, Tsirulnikova OM. Trans-
plantatsiya pecheni. M.: Medicinskoe Informacionnoe
Agentstvo, 2008. 248.

Monakhov AR. Prizhiznennoe donorstvo fragmentov
pecheni dlya transplantacii detyam [Dissertation]. M.,
2015.

Akhaladze DG. Revaskulyarizaciya transplantata levogo
lateral’nogo sektora pecheni u detej. [Dissertation]. M.,
2013.

Gautier SV, Tsirulnikova OM, Moysyuk YG, Akhaladze
DG, Tsirulnikova IE, Silina OV et al. Transplantaciya pe-
cheni detyam: analiz shestiletnego opyta. Vestnik trans-
plantologii i iskusstvennyx organov. 2014; 16 (3): 54-62.
doi.org/10.15825/1995-1191-2014-3-54-62.
Freseniusmedicalcare.com [Internet]. Prometheus® The-
rapy system for the support of liver function, Fresenius
Medical Care. [updated 2007] Available from: https://
www.freseniusmedicalcare.com/fileadmin/data/master-
Content/pdf/Prometheus/Prometheus Product Range.
pdf/.

Evenepoel P, Alexander W, Wilmer A, Claes K, Kuy-
pers D, Bammens B et al. Prometheus versus molecular
adsorbents recirculating system: comparison of effici-
ency in two different liver detoxification devices. Artif
Organs. 2006; 30 (4): 276-284. doi: 10.1111/j.1525-
1594.2006.00215.x.

Grodzicki M, Kotulski M, Leonowicz D, Zieniewicz K,
Krawczyk M. Results of treatment of acute liver failu-
re patients with use of the Prometheus FPSA system.
Transpl Proc. 2009; 41 (8): 3079-3081. doi: 10.1016/j.
transproceed.2009.08.024.

10.

11.

12.



ORGAN TRANSPLANTATION

13. Rifai K, Das A, Rosenau J, Ernst T, Kretschmer U, Hal-

ler H et al. Changes in plasma amino acids during extra-
corporeal liver support by fractionated plasma separati-
on and adsorption. Artif Organs. 2010; 34 (2): 166—170.
doi: 10.1111/5.1525-1594.2009.00763 x.

14. Senturk E, Esen F, Ozcan PE, Rifai K, Pinarbasi B,

Cakar N et al. The treatment of acute liver failure with
fractionated plasma separation and adsorption system:
experience in 85 applications. J Clin Apher. 2010; 25
(4): 195-201. doi: 10.1002/jca.20238.

15. Komardina E, Yaroustovsky M, Abramyan M, Plyus-

hch M. Prometheus therapy for the treatment of acute
liver failure in patients after cardiac surgery. Kardio-
chir Torakochirurgia Pol. 2017; 14 (4): 230-235. doi:
10.5114/kitp.2017.72226.

35

16. Bergis D, Friedrich-Rust M, Zeuzem S, Betz C, Sarra-

17.

18.

zin C, Bojunga J. Treatment of Amanita phalloides into-
xication by fractionated plasma separation and adsorpti-
on (Prometheus®). PMID: 22720306.

Kribben A, Gerken G, Haag S, Herget-Rosenthal S,
Treichel U, Betz C et al. Effects of fractionated plasma
separation and adsorption on survival in patients with
acute-on-chronic liver failure. Gastroenterology. 2012;
142 (4): 782-789. doi: 10.1053/j.gastro.2011.12.056.
Ryska M, Laszikova E, Pantoflicek T, Ryska O, Pra-
zak J, Koblihova E. Fractionated plasma separation and
adsorption significantly decreases intracranial pressure
in acute liver failure: experimental study. Eur Surg Res.
2009; 42 (4): 230-235. doi: 10.1159/000208790.

The article was submitted to the journal on 6.07.2020



RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS Vol. XXII' N2 3-2020

DOI: 10.15825/1995-1191-2020-3-43-52

ORGANIZATIONAL, MEDICAL AND EPIDEMIOLOGICAL
PREREQUISITES FOR REVIEWING DONOR CRITERIA IN HEART
TRANSPLANTATION

E.A. Tenchurina', M.G. Minina"’

" Moscow Coordinating Center for Organ Donation (Botkin City Clinical Hospital), Moscow,
Russian Federation

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

Organ donation and transplantation in Moscow have witnessed changes in the last decade. These changes have
led not only to quantitative growth in the number of effective donors but also to fundamentally new (for Russian
medical practice) characteristics of the donor pool. As a result, the selection criteria for organ donors have under-
gone some radical revisions. Objective: to analyze the medical and epidemiological characteristics of the pool of
effective heart donors and assess their impact on selection of heart transplants. Materials and methods. In our
study, we used the medical and epidemiological data of 650 brain-dead donors whose organs were procured from
January 1, 2012 to December 31, 2017. Results. During the study period, the number of effective heart donors
in Moscow increased from 4.4 (2012) to 11.2 (2017) per million population per year. The medical and epidemio-
logical characteristics of the total pool of donors and the pool of heart donors underwent major changes. Among
effective heart donors, there was a dynamic increase in the average age from 38.4 to 47 years, predominance of
a proportion of donors with stroke 38.2 (2012) vs 83.2 (2017) and, accordingly, an increase in the frequency of
such comorbid conditions, as hypertension and diabetes. Conclusion. The results presented in the study indicate
a growing practice of working with expanded criteria donors. This practice is most effectively developed in the
field of heart transplantation than in transplantation of other extrarenal organs. Undoubtedly, the experience under
study is unique and relevant not only for the Russian Federation, but also for the world of transplantology, as it

allows to provide vital assistance to patients with end-stage heart failure within a reasonable timeframe.

Keywords: effective heart donors, donor pool characteristics, expanded criteria heart donors.

INTRODUCTION

The transplant community continues to look for ways
to reduce the shortage of donor organs for transplantation
[1]. The use of organs from high-risk donors, including
the older age group, without compromising the results of
transplantation, is the most obvious and affordable way
to increase the number of donor organs.

MATERIALS AND METHODS

The present study used clinical data on 650 brain
death donors who underwent organ explantation between
January 1, 2012 and December 31, 2017. The general
dynamics of donor activity in Moscow in 2012-2017
has been investigated providing the basis for develop-
ment of donation and heart transplantation, as well as the
comparative dynamics of the use of the donor heart and
other extrarenal organs for transplantation. To perform a
comparative analysis of the effectiveness of using donor
hearts in Moscow, the number of heart ED per million
population per year was used, which was compared with
a similar indicator in several countries of Europe. To

represent the population characteristics of ED, including
heart ED, mean age and median age of donors, gender
ratio, and the proportion of nosological forms, causes of
donor deaths (%) were used.

All organ donors were divided into two main groups.
The first group included 452 donors (69.5%) from whom
the heart was taken for transplantation either in isolation
or in the format of multi-organ removal. The second
group consisted of 198 (30.5%) donors with organ ext-
ractions in various formats, while heart explantation was
not performed for various reasons. To identify the fac-
tors causing the donor heart refusal, a number of donor
characteristics were selected that, in our opinion, could
influence the decision to refuse. Among the factors that
cannot be changed by any influence, there are age, cause
of death, gender, history of hypertension, and diabetes
mellitus. As for the factors featuring donor homeostasis
and open for medical correction, mean arterial pressure
(MAP), pH, lactate, Na and blood glucose, and the dose
of vasopressor support were chosen. All explanted donor
hearts included in this study were transplanted at the
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Shumakov National Medical Research Center of Trans-
plantology and Artificial Organs (Ministry of Health of
the Russian Federation, Moscow). Statistical analysis
was made with Statistica 12.0 for Windows software.

SOME CONDITIONS AND FACTORS DEFINING
CRITERIA FOR SELECTION OF HEART DONORS

In Moscow, since 2012, there has been stable growth
dynamics of effective donors whose death was ascertai-
ned on the basis of neurological criteria, e. g., diagnosed
brain death (BD) [2]. Fig. 1 shows the absolute number
of effective donors diagnosed with BD per million po-
pulation per year [3].

The progressive growth of donor activity became
possible due to a number of organizational measures,
so-called the “Moscow model” of organ donation, among
which it is necessary to point out the improvement of
the regional regulatory framework, the new position of a
transplant coordinator in the practice of medical institu-
tions with the definition of functional responsibilities of
this position, formulation and normative consolidation
of the so-called triggers for identifying potential organ
donors, monitoring the neurological and somatic status
of probable and potential donors, etc. [4, 5]. The taken
organizational measures resulted in annual increase in
the number of ED per million population per year that
reached 15.5 in 2017, while over the same period, the
total donor activity in Eurotransplant countries was
13.9 [6].

The growing dynamics of donor activity has become a
crucial drive for the development of extrarenal transplant
programs. At the same time, the difference in the indica-
tors of the use of the donor pool for each type of clinical
transplantation is quite significant. Fig. 2 shows the rela-

tive share of the use of donors with BD for heart, lung,
liver, and pancreas transplantation. In 2012-2014, there
has been sharp variations in the use of ED in heart, liver
and pancreas transplantation. In this period, transplant
programs have been obviously adapting to new working
conditions, a growing number of BD donors, an increase
in vascular diseases as the predominant cause of donor
deaths, etc. then in 2015-2017, the rate of donor organs
used for heart transplantation remained at an average
level of 72.8%, while only in the year of 2017 the corres-
ponding figure for the liver transplants was 67.2%. There
is seen a slight positive trend in the use of the donor pool
for lung transplantation. The most ineffective was the use
of the donor pool for pancreas transplantation, where a
progressive decrease was recorded.

Due to the high efficiency of using the donor pool
for heart transplantation, the number of heart donors per
million population in Moscow in 2017 was 11.2, which
is shown in Fig. 3. A similar indicator in Europe in 2017
was at the level of 4.8 [6].

As noted above, the intensity of the use of the heart
for transplantation took place in the conditions of radical
changes in the donor pool: increased age of donors, the
prevalence of vascular diseases in the structure of do-
nor deaths, increase in the rate of comorbid risk factors,
including hypertension (HT), diabetes mellitus (DM),
systemic atherosclerosis, etc.

In arelatively short period, the average age of all EDs
in Moscow increased by 7 years, from 42.15 in 2012 to
49.02 in 2017 (Fig. 4).

Even more significant changes are seen in the ave-
rage age of donors among the heart ED pool. In 2012,
relatively young donors were engaged, with the average
age of 38.4, while in 2017 the average age of EDs in-
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Fig. 1. Donor activity in Moscow in dynamics, 2012-2017

37



RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS

Vol. XXII' N¢ 3-2020

90.0

79.8

80.0

70.0

60.0

50.0

40.0

30.0

20.0

10.0

0.0

Heart Liver

Lungs Pancreas

W 2012 = 2013 = 2014 = 2015 ™ 2016 M 2017

Fig. 2. Dynamics of the donor pool use for transplantation of extrarenal organs, 2012-2017

12

10

d

7.4

7.4

6.4

2012 2013 2014

2015 2016 2017

Fig. 3. The number of effective heart donors per million population per year, 2012-2017

creased to 47.0 (Fig. 5). For comparison, the average
age of heart donors in Europe in 2017 was 43; in North
America, for 30 years the median age of the donors has
remained in the range of 25-27 [6, 7]. Accordingly, the
greatest progress in engaging donors over 40 years of
age has been achieved by European countries, including
Russia, the experience of its city of Moscow is presented
in this study.

Analysis of the main death causes of all EDs in
Moscow revealed a significant predominance of donors
who died of cerebrovascular diseases, in comparison
with the number of donors who received traumatic in-
juries (Fig. 6). In the Eurotransplant countries, already
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in 2012, EDs with CVA dominated (78.3% of the total
pool of all donors) [6]. Comparing foreign data with
those obtained in this study, it is important to note that
the appearance of similar donor tendencies in Russia
testifies to the identical principles of organizing the donor
process [5].

In the context of changes in Moscow donor pool, an
extremely uneven transplantation activity of medical
institutions performing heart transplantation was ob-
served (Fig. 7). Only cases of heart donation sent for
transplantation to Shumakov National Medical Research
Center of Transplantology and Artificial Organs were
included in the study, since heart transplantation is most
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developed in this institution. By scientific publications
of the Center, effective use of the changed donor pool in
the city of Moscow seem to become possible primarily
due to the timely revision of the donor selection criteria
for heart transplantation [8, 9].

Organizational approaches in working with high-risk
donors used in the joint work of the Moscow City Coor-
dination Center for Organ Donation (MGKTsOD) and
Shumakov National Medical Research Center of Trans-
plantology and Artificial Organs have radically changed
heart transplantation in the Russian Federation, making
it more accessible in conditions when the number of
“ideal” donors will only decrease.

2015 2016 2017

MEDICAL AND EPIDEMIOLOGICAL
CHARACTERISTICS OF EFFECTIVE HEART
DONORS

Heart donors in 2012-2017, in line with the stated
above trend of changes in the entire donor pool, also
underwent changes. Fig. 8 shows the percentage of the
main death causes of heart donors included in the study.
In 2012, heart donors with CCTs predominated (61.8%
versus 38.2% of donors who died from stroke). By 2015,
the numbers of donors with both nosologies equaled,
and in 2017 the number of donors who died of CCT has
become 3.7 times less than in 2012, and the proportion
of donors with CVA has increased to 83.2%.
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Fig. 8. Percentage of major death causes of heart donors, 2012-2017
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According to the registry of the International Society
for Heart and Lung Transplantation (ISLHT), in 2010-
2018 there was a global decrease in the number of heart
donors who died from CVA from 48.8 to 40.5%, and an
increase in heart donors who died due to anoxic brain
injuries from 7.7 to 21.5% [7].

The age of the heart EDs included in the present stu-
dy corresponds to the aging trend of the entire pool of
donors. If in 2012 85.3% of the total number of heart
EDs were donors under 50, then in 2017, their share was
50.4%, along with an increase in the number of donors in
the older age group (51-60) to 41.6 % vs 14.7% in 2012.
In 2017, for the first time in the Russian Federation, heart
donors whose age was in the range of 61-69 accounted
for 7.1% of the total heart ED pool. Besides, in 2017,

there was one case of heart explantation from a donor
of the age group 70+. Over six years, the median age of
heart EDs has increased from 41 to 50 years (Fig. 9.) In
global practice, over the same period, there is also an
increase in the number of donors in the older age group,
but still a larger number, about 70% of the total number
of heart EDs, were donors under 40. The median age
of heart EDs in the world remained at the level of 32 in
20122017 [7].

Ifto speak of the gender distribution of effective heart
donors, there is a persistent predominance of male do-
nors. In 2017, there were 2.9 times more male donors
than female donors; the proportion of male donors was
75.2% (Fig. 10). According to ISLHT, in 2009-2016
the male donors in Europe were 62.4%, 70.1% in North
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Fig. 9. Dynamics of the specific weight (%) of age groups of heart ED; median age (years) of heart ED in Moscow, 2012-2017
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Fig. 10. Percentage of male and female heart donors, 2012-2017
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America, 78.3% in other countries [7]. The predomi-
nance of male donors can be considered as a positive
factor influencing the survival rate of male recipients,
since, according to E.S. Weiss (2009), men who recei-
ved hearts from male donors had the highest cumulative
survival in 5 years [10].

In general, the given characteristics of heart donors
in Moscow follow the trend of changes in the donor
pool on a global scale, and even surpass it in a number
of characteristics, in particular, in terms of the age of
effective heart donors. Considering the data obtained,
the development of a special tool (mathematical model)
is becoming extremely urgent, as at the stage of organ
donation it would allow to objectively assess the donor
heart, considering the maximum number of donor factors
available for research. Following the goal of developing
such a model, we selected a number of donor risk factors
that could cause the donor heart refusal.

ANALYSIS OF CAUSES OF DONOR HEART
REFUSAL

For the study, donor factors were selected that were
not amenable to correction, . g., age, death cause, gen-
der, HT, diabetes mellitus, and factors that determine the
state of donor homeostasis: SBP, pH, lactate, blood Na
and glucose, and dose of vasopressor support.

The Table shows the number of donor heart refusals
(%) depending on the presence/absence of a donor factor.
The analysis revealed a linear increase in the number of
donor heart refusals with increasing age of the donor.
In the 41-50 age group, the refusal rate is 27.5, in the
51-60 group 41.4, and in the 60+ age group it increases
to 57.9%. The expansion of the selection criteria for
heart donors contributed to a decrease in the number of
refusals from donors who died of CVA, which made the
difference in refusals from donors who died from CCT

Table
Studied donor factors and percentage of refusals from the donor heart
Donor factors Total donors Group 1 Group 2 Donor heart
with BD (explanted heart) (not explanted heart) refusal, %

Donor age, years

18-30 78 67 11 14.1

31-40 113 96 17 15.9

41-50 193 139 54 27.5

51-60 227 133 94 41.4

61-69 38 16 22 57.9

70+ 1 1 0 0.0
Death cause

CCT 239 179 60 25.1

CVA 411 273 138 33.6
Gender

Male 464 329 135 29.1

Female 186 123 63 33.9
Hypertension

Yes 364 231 133 36.5

No 286 221 65 22.7
Diabetes mellitus

Yes 155 124 31 15.7

No 495 328 167 33.7
Mean arterial pressure (MAP), mm Hg

<60 46 31 15 32.6

>61 604 421 183 30.3
pH, mmol/L

<7.0-7.2 31 21 10 323

>7.3 582 414 168 28.9

n/a 37 17 20
Lactate, mmol/L

0.1-2.2 229 165 64 27.9

2.3-59 179 132 47 26.3

6.0-13.0 40 25 15 37.5

>13.0 5 3 2 40.0

n/a 197 127 70

42



ORGAN TRANSPLANTATION

End of table 1

Donor factors Total donors Group 1 Group 2 Donor heart
with BD (explanted heart) (not explanted heart) refusal, %

Na, mmol/L
120-135 66 47 19 28.8
136-145 293 204 89 30.4
146-155 133 94 39 293
>156 122 90 32 26.2
n/a 36 17 19

Glucose, mmol/L
<83 213 153 60 28.2
8.4-10.9 161 118 43 26.7
>10.9 221 149 72 32.6
n/a 55 32 23

Norepinephrine (NA), ng/kg/min
<100 44 35 9 20.6
100400 182 129 53 29.1
401-800 166 119 47 28.3
>800 111 72 39 35.2
n/a 11 7 4

comparable (33.6 vs 25.1, respectively). The SBP para-
meter did not significantly affect the percentage of donor
heart refusals, while the growth of the most important
indicator of homeostasis, blood lactate, was associated
with an increase in the number of donor heart refusals.
In donors with blood lactate in the range of 6—13 mmol/L
(3—6 times higher than the reference), heart failure was
37.5%. There was no significant difference in the rate of
donor heart refusals depending on the pH The proportion
of failures at low pH values is slightly higher (32.3%)
than when it is normalized (28.9%). There was no sig-
nificant difference in the number of donor heart refusals
depending on the blood Na value, both with its normal
and increased values, the proportion of refusals averaged
28.7%. Diabetes history of donors did not significantly
affect the number of refusals. At the same time, in isola-
tion, blood glucose values above 10.9 mmol/L were the
reason for 32.6% of donor heart refusals. An increased
number of donor heart refusals was revealed, associated
with an increase in the dose of vasopressor support (NA),
at its minimum values up to 100 ng/kg/min, a decision
was made to refuse in 20.6% of cases, with an increase
in the injection rate over 800 ng/min. kg/min the failure
rate was 35.2%.

CONCLUSION

As the donor activity in the city of Moscow rises,
there is an increase in the number of heart transplants.
The most significant increase is seen in Shumakov Na-
tional Medical Research Center of Transplantology and
Artificial Organs. The results of the present study of
the medical and epidemiological characteristics of do-
nors show that without a balanced revision of the donor
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selection criteria, the effectiveness of the provision of
transplant care not only for heart transplantation, but also
for other types of transplantation, will be at a minimum
level, and the number of recipients on the waiting list and
the waiting time for donor organs will grow. To improve
the provision of transplant care, a thorough analysis of
donor characteristics and their impact on the suitability of
the donor heart for transplantation is required. The article
presents the initial results of such an analysis, which
showed the identity of Russian and foreign practices and
trends in heart transplantation, and the need to continue
scientific research of donor criteria in order to create an
objective tool for assessing donor heart.

The authors declare no conflict of interest.
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FUNCTIONAL STATE OF THE CARDIORESPIRATORY
SYSTEM AFTER ORTHOTOPIC HEART TRANSPLANTATION
WITH PROLONGED COLD ISCHEMIA TIME

LYu. Loginova, O.V. Kamenskaya, A.V. Fomichev, D.V. Doronin, A.M. Chernyavskiy,
V.V. Lomivorotov
Meshalkin National Medical Research Center, Novosibirsk, Russian Federation

Objective: to assess the functional state of the cardiorespiratory system in the long term after orthotopic heart
transplantation (HT) with prolonged cold ischemia time. Materials and methods. The results of 60 orthotopic
HTs performed at Meshalkin National Medical Research Center were analyzed. A comparison was made of the
immediate and long-term outcomes of HTs in the group with cold ischemia time lasting for less than 240 minutes
and in those with farther distance between donor and recipient sites with cold ischemia time of 240 minutes or
more. In the long-term follow-up after HT, all patients underwent cardiopulmonary exercise testing, body plethys-
mography, assessment of the diffusing capacity of the lungs, and quality of life assessment. Results. Prolonged
cold ischemia showed a negative effect on the early postoperative period — decreased myocardial contractility on
postoperative day 1 and longer duration of inotropic support. At the same time, the survival rate and incidence
of graft rejection reactions in the early and late post-HT periods in the studied groups did not differ significantly.
Peak oxygen consumption in the general group in the long term after HT was 17 (14.7-21.0) mL/kg/min, VE/
VCO, slope was 30 (29-36) at 100 (90—120) W threshold load power. All the parameters of pulmonary function
tests did not differ significantly depending on cold ischemia duration. Quality of life also did not show significant
differences depending on the duration of graft ischemia in terms of both physical and psycho-emotional health
components of the SF-36 questionnaire. Conclusion. Long-term cold ischemia of the graft did not show any ne-
gative impact on the functional state of the cardiorespiratory system and quality of life in the long term after HT.
The studied group of recipients was characterized by high efficiency of pulmonary ventilation and gas exchange,
as well as high tolerance to physical activity in the long-term post-HT period.

Keywords: heart transplantation, cold ischemia time, cardiopulmonary exercise testing.

INTRODUCTION

Heart transplantation (HT) is the “gold standard” for
terminal heart failure treatment [1]. According to inter-
national registries, the survival rate in the first year after
HT is currently 85 to 93%, and the ten-year survival rate
is 69% [2].

Despite the development of the legal framework for
organ donation and an increase in the efficiency of the
organization of the transplantation service, there remains
a significant shortage of donor organs, forcing to come
back to the issue of expanding the criteria for organ do-
nation, in particular, the use of organs with prolonged
cold ischemia [2, 3]. Thus, besides the publications of
individual researchers [4—6], the report of the Internatio-
nal Society for Heart and Lung Transplantation (ISHLT)
in 2017 highlighted the topic of the duration of transplant
ischemia as a priority for further study [2].

The transplant ischemia time depends on numerous
logistic and technical factors. The recommended maxi-
mum duration of cold ischemia of the donor heart is 240

minutes [7, 8]. An increase in ischemic time affects the
viability of the graft and, according to many authors,
increases the risk of an unfavorable HT outcome [4, 7].
However, a number of studies have shown that prolon-
ged time of cold ischemia does not significantly affect
the early and long-term results of HT [9, 10]. The cases
with extremely prolonged ischemia of the donor organ
and satisfactory HT results in the long-term follow-up
were described [5, 10].

Thus, the results of studies on the effect of graft ische-
mia duration on HT outcome are ambiguous. It is of
interest to conduct further studies on this issue, including
an assessment of the functional state of the organism of
recipients in the long-term follow-up. The purpose of
the present study is to assess the functional state of the
cardiorespiratory system in the long term after orthotopic
HT with prolonged cold graft ischemia.

MATERIALS AND METHODS

The study included 60 patients who underwent HT at
the Meshalkin National Medical Research Center (Minis-
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try of Health of Russia; Novosibirsk, Russian Federation)
from 2013 to the present. The study was performed in
accordance with Good Clinical Practice and the prin-
ciples of the World Medical Association Declaration
of Helsinki. The study protocol was approved by the
local ethics committee. Written informed consent was
obtained from all patients prior to inclusion.

The inclusion criterion was the HT in history. The
exclusion criteria were refusal to participate, age under
18, musculoskeletal disorders that made it difficult to
perform the cardiopulmonary exercise testing (CPT).

Orthotopic HT was performed by the common bicaval
technique. The hearts were retrieved by the standard
method, with conservation with “Custodiol” cold cardio-
plegic solution. In some cases, donor hearts from remote
regions, Altai Kraj, Kemerovo Oblast, Krasnoyarsk Kraj
were used.

In the postoperative period, all recipients received
combined immunosuppressive therapy with calcineu-
rin inhibitor (cyclosporin 4-6 mg/kg/day or tacrolimus
0.05-0.1 mg/kg/day), mycophenolate and prednisolone
1 mg/kg/day with a gradual dose reduction to 0.1-0.2
mg/kg/day. The target level of cyclosporine was 250-300
ng/ml, the concentration of tacrolimus was 15-20 ng/ml,
with a gradual decrease in therapeutic concentration in
the long term after HT.

The examination protocol after HT included virolo-
gical and bacteriological examination, general clinical
and biochemical blood analysis, determination of the
concentration of tacrolimus and cyclosporine in blood,
hemocoagulation parameters, and general urine analy-
sis. Electro- and echocardiographic examination, CPT,
endomyocardial biopsy with morphological and immu-
nohistochemical analysis, coronary angiography were
performed. Endomyocardial biopsy in the first 2 months
after transplantation was performed every 10 days, then
after 3 months, and later once a year. The graft rejection
rate was determined in accordance with the ISHLT re-
commendations.

The analysis included anthropometric, demographic
parameters, functional class (FC) of angina pectoris by
NYHA, myocardial infarction in history, acute cerebro-
vascular accident, previous cardiac surgery, indicators
of myocardial contractility, the presence of concomitant
pathology. Intraoperative characteristics included the
duration of cardiopulmonary bypass, aortic occlusion,
the total surgery time, and the duration of graft cold
ischemia. In the early postoperative period, the dura-
tion of stay in the intensive care unit (ICU), the need
and duration of inotropic support, prolonged mechanical
ventilation, the need for mechanical circulatory support,
myocardial contractility (the first day after HT), and ad-
verse outcomes including graft dysfunction and hospital
mortality. In the long-term follow-up, survival, cases
of cardiovascular accidents, repeated cardiac surgery,
the presence and severity of graft rejection, myocardial
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contractility, parameters of pulmonary functional tests,
including CPT, and quality of life were assessed.

CPT was performed on an OXYCON Pro bicycle er-
gospirometric system (Jaeger, Germany) with the RAMP
protocol until maximum oxygen consumption or limiting
symptoms followed by a recovery period. The analysis
included the following CPT parameters: threshold load
power (W), peak oxygen consumption (VO, peak, ml/
min/kg) and its metabolic equivalent (MET, RVU), res-
piratory ratio (RER), ventilation equivalent by carbon di-
oxide (VE/VCO, slope), oxygen pulse at maximum load
(O,-pulse), partial pressure CO, in the final portion of
expiration (PetCO,, mmHg) at rest and at the anaerobic
threshold level, recovery time of oxygen consumption,
and heart rate. Anaerobic threshold level was determined
by the V-slope. Arterial saturation (%) was measured
using pulse oximetry.

Using the methods of body plethysmography and
assessment of the diffusion capacity of the lungs (Master
Screen, Jaeger, Germany), the absolute and assigned to
due values (with accounting for anthropometric parame-
ters and age) of respiratory function were studied. The
analysis included the forced expiratory volume in the first
second (FEV1, L), Tiffeneau index (%), and diffusive
capacity of lungs (DLCO, mmol/L/kPa).

The quality of life was analyzed by the results of the
SF-36 questionnaire; for the analysis, summary scales
characterizing the physical component of health and the
psychoemotional component of health were used.

The results were statistically analyzed with the Stati-
stica 6.1 software package (StatSoft, USA). Quantitative
variables are presented as median and interquartile range
(Me (Q25-Q75), qualitative variables — as frequency of
occurrence and / or percentage. Intergroup comparison
of indicators was performed using the Mann — Whitney
test or Fisher’s exact test. Survival curves were plotted
by the Kaplan—Meier method with an assessment of the
significance of differences by the log-rank test. p value
<0.05 was considered statistically significant for all kinds
of analysis.

RESULTS

To assess the effect of the duration of cold graft ische-
mia on HT results, all patients were divided into two
groups: in the first group, the duration of graft ischemia
did not exceed 240 minutes, in the second, with remote
removal, 240 minutes or more. The basic characteristics
of the recipients are presented in Table 1. Average age,
anthropometric parameters, the presence of concomitant
pathology did not differ in the study groups. In both
groups, male patients slightly predominated.

Percutaneous transluminal angioplasty with stenting
of the affected coronary arteries prevailed in the previous
cardiac surgeries. For health reasons, a left ventricular
bypass system was installed in 8 patients prior to heart
transplantation.
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Baseline recipient characteristics

Table 1

Parameter General group Duration of graft cold ischemia
(n=60) <240 min. (n =35) | >240 min. (n = 25) p
Age, years 42 (33-50) 46 (40-51) 40 (30-48) 0.093
Male gender, n (%) 50 (83%) 31 (89%) 19 (76%) 0.062
BMI, kg/m? 27 (19-33) 26 (19-31) 27 (20-34) 0.288
. ischemic, n (%) 24 (40%) 14 (40%) 10 (40%)
Etiology non-ischemic, n (%) | 36 (60%) 21 (60%) 15 (60%) 0.545
. 111, n (%) 39 (65%) 20 (57%) 19 (76%)
Functional class by NYHA IV, n (%) 21 (35%) 15 (43%) 6 (24%) 0.324
Acute myocardial infarction in history, n (%) 8 (13%) 5 (14%) 3 (12%) 0.683
Cerebrovascular accident in history, n (%) 9 (15%) 6 (17%) 3 (12%) 0.256
Diabetes mellitus, n (%) 3 (5%) 2 (6%) 1 (4%) 0.692
Chronic lung diseases, n (%) 2 (3%) 1 (3%) 1 (4%) 0.643
Chronic kidney disease >C3A, n (%) 1 (%) 1 (3%) 0 (0%) 0.380
Previous INCOR installation, n (%) 8 (13%) 4 (11%) 4 (16%) 0.150
Previous cardiac surgery, n (%) 23 (38%) 13 (37%) 10 (40%) 0.412
LVEF, % 22 (19-25) 20 (18-26) 22 (19-24) 0.443
Right ventricle FAC, % 30 (20-38) 31 (18-36) 33 (25-39) 0.267
Systolic pressure in the pulmonary artery, mm Hg 40 (33-48) 42 (35-50) 39 (30-48) 0.252
Time in WL, days 240 (48-376) 240 (143-359) 239 (24-368) 0.592
Table 2
Intraoperative characteristics and the early postoperative period after orthotopic heart transplantation
Parameter General group Duration of graft cold ischemia
(n=60) <240 min. (n =35) | >240 min. (n =25) p

Duration of graft ischemia, min 210 (175-340) 180 (158-190) 350 (300—430) <0.001
Duration of artificial blood circulation, min 191 (165-240) 182 (156-210) 193 (184-241) 0.624
Duration of aortic occlusion, min 105 (90-130) 102 (94-126) 105 (86—-128) 0.814
Total operation duration, min 420 (360-525) 395 (360-510) 460 (330-540) 0.326
Duration of ICU stay, days 8 (6-10) 7 (6-10) 9 (5-10) 0.375
Duration of inotropic support, h 72 (34-96) 56 (34-77) 96 (57-139) 0.014
Duration of ventilation >24 h, n (%) 9 (15%) 4 (11%) 5 (20%) 0.245
MCS after surgery, n (%) 6 (10%) 1 (3%) 5 (20%) 0.032
Repeated surgical interventions, n (%) 8 (13%) 5 (14%) 3 (12%) 0.221
LVEF, % 59 (45-63) 62 (58-65) 56 (43-58) 0.030
Right ventricle FAC, % 40 (36-45) 46 (40-51) 37 (32-40) 0.017
Systolic pressure in the pulmonary artery, mm Hg 30 (26-35) 29 (24-33) 33 (27-38) 0.269
Primary graft dysfunction, n (%) 8 (13%) 3 (8.6%) 5 (20%) 0.163
}[\i/i(;lr’till(to}/; ;155001ated with primary graft dysfunc- 1 (1.7%) 1 (2.9%) 0 (0%) 0361
30-day mortality, n (%) 5 (8%) 2 (5.7%) 3 (12%) 0.502

Against the background of the absence of differences
in the initial clinical and functional state of patients and
the parameters of the intraoperative period, the diffe-
rences in the characteristics of the early postoperative
period are noteworthy (Table 2). Thus, in the group of
remote graft removal, the duration of inotropic support
was significantly higher. On day 1 after HT, a significant
decrease in myocardial contractility was noted, followed
by restoration to normal values by days 57 after surgery.
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As aresult of primary graft dysfunction, one patient
died from the group with a graft ischemia duration of less
than 240 minutes. The overall 30-day mortality rate was
8% (5 patients), with no significant differences between
the groups. In 4 cases, mortality was not associated with
graft dysfunction.

The long-term follow-up after HT averaged 3.0 (1.9—
4.8) years (Table 3). Most of the patients were FC [ — 11
by NYHA. Myocardial contractility in the long-term
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Table 3
Clinical and functional characteristics of patients at long-term follow-up after orthotopic heart
transplantation
Parameter General group Duration of graft cold ischemia
(n=60) <240 min. (n = 35) >240 min. (n = 25) p
Follow-up duration, years 3.0 (1.94.8) 3.0 (1.74.8) 3.1(1.84.9) 0.845
I, n (%) 13 (25%) 7 (23%) 6 (27%)
Functional class by NYHA 11, n (%) 37 (71%) 21 (70%) 16 (73%) 0.413
111, n (%) 2 (4%) 2 (7%) 0 (0%)
Diabetes mellitus, n (%) 5 (10%) 3 (10%) 2 (9%) 0.828
Chronic kidney disease >C3A, n (%) 4 (8%) 1 (3%) 3 (14%) 0.126
Cardiac surgery, n (%) 1 (%) 1 (3%) 0 (0%) 0.551
1A-1B, n (%) 6 (11.5%) 3 (10%) 3 (14%)
Graft rejection reaction 2A-2B, n (%) 7 (13.5%) 4 (13%) 3 (14%) 0.236
3A-3B,n (%) 1 (1.9%) 0 (0%) 1 (4.5%)
Mortality, n (%) 8 (13%) 5 (14%) 3 (12%) 0.575
LVEF, % 65 (63-67) 65 (64-67) 65 (60-68) 0.501
Right ventricle FAC, % 46 (42-52) 47 (45-52) 46 (39-55) 0.523
Systolic pressure in the pulmonary artery, mm Hg | 31 (28-35) 31 (28-35) 31 (30-34) 0.743
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Fig. 1. Survival after orthotopic heart transplantation depending on the duration of cold transplant ischemia

period after HT corresponded to normal values, without
significant differences between the groups.

During the follow-up, two patients developed diabe-
tes mellitus, one — coronary artery disease of the trans-
planted heart, which required endovascular surgery.

Graft rejection grade 3A—3B was registered in 1 pa-
tient during the first year after HT, grade 2A-2B —in 7
patients. Rejection was successfully stopped after pulse
therapy with methylprednisolone at a dose of 1000 mg/
day for 3 days, followed by endomyocardial biopsy con-
trol. Graft rejection 1A—1B was registered in 6 patients
and did not require radical correction of immunosuppres-
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sive therapy. The overall mortality rate was 13%, with no
significant differences between the groups (Fig. 1). All
mortality cases in the long-term follow-up period were
not associated with graft dysfunction.

With improved hemodynamics after HT, all patients
showed a high exercise tolerance (Table 4).

The parameters of pulmonary ventilation and gas
exchange, including those during provoking physical
activity, did not differ in patients with remote transplant
removal. The peak oxygen consumption in the general
group averaged 17 (14.7-21.0) ml/min/kg, 5.2 (4.2-6.0)
MET, with a threshold load power of 100 (90-120) W.
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Table 4

The results of pulmonary functional tests in the long-term follow-up after orthotopic heart transplantation

Parameter General group Duration of graft cold ischemia
(n=60) <240 min. (n =35) | >240 min. (n = 25) p
Load threshold power, W 100 (90-120) 110 (100-140) 100 (90-110) 0.146
VO, peak, ml/min/kg 17 (14.7-21.0) 19 (15.6-21.0) 16 (14.1-21.5) 0.269
VE/VCO, slope 30 (29-36) 32 (29-36) 30 (29-36) 0.458
RER peak 1.15(1.05-1.18) | 1.11 (1.06-1.16) 1.06 (1.02-1.18) | 0.433
O,-pulse peak 11.4 (9.6-12.7) 11.5 (9.6-12.6) 10.9 (10.5-12.8) | 0.922
MET, conv. units 5.2 (4.2-6.0) 5.5 (4.5-6.0) 4.6 (4.0-6.1) 0.270
Ilzi;CI({)é at the level of the anaerobic threshold, 37 (35-39) 36 (35-38) 38 (33-39) 0.775
PetCO, gain during exercise, mm Hg 6.3 (5.2-8.5) 5.8 (5.2-7.7) 7.0 (3.1-9.5) 0.628
VO, recovery time, min 6 (5-8) 7 (5-8) 6 (4-7) 0.536
HR recovery time, min 9 (7-10) 7 (6-10) 9 (8-10) 0.268
Arterial saturation, % 96 (95-97) 96 (95-97) 95 (94-97) 0.182
FEV1, % of reference 95 (84-103) 98 (92-106) 93 (76-100) 0.136
Tiffeneau Index, % 81 (77-89) 82 (75-90) 81 (76-87) 0.979
DLCO, % of reference 77 (64-85) 72 (61-80) 81 (67-87) 0.859

Note. VO, — oxygen consumption; VO, peak — peak oxygen consumption; VE/VCO, — ventilation coefficient of carbon dioxi-
de; RER peak — respiratory coefficient during exercise; O, pulse — oxygen pulse during exercise; MET — metabolic equivalent;
PetCO, — end tidal carbon dioxide partial pressure; HR — heart rate; FEV, — forced expiratory volume in 1 second; DLCO —

lung diffusion capacity.

The absence of significant differences in the study
groups was also seen for the main parameters of the
quality of life, which was assessed using the SF-36 ques-
tionnaire in the long term after HT (Fig. 2).

The level of quality of life in the general group for the
physical and psychoemotional components of health of
the SF-36 questionnaire was above average and amoun-
ted to 53 (50-55) and 52 (50-56) points, respectively.

Thus, in the studied group of patients, long-term cold
ischemia of the graft did not show a significant effect on
the functional state of the cardiorespiratory system and
quality of life in the long term after HT.

DISCUSSION

The duration of graft cold ischemia is considered
one of the most important factors determining the effec-
tiveness of HT [2, 11, 12]. According to many authors,
exceeding the safe time threshold increases the risk of
postoperative allograft dysfunction and the death of the
recipient [4, 13]. Destabilization of biological membra-
nes, generation of reactive oxygen species, disturban-
ces in electrolyte balance, energy supply, coagulation
hemostasis that occur during hypoxia and subsequent
tissue reperfusion play a great role in the mechanisms
of allograft damage [13, 14].

However, the increase in the number of patients on
the HT waiting list dictates the need to change strategies
to increase the donor pool. Our study analyzed the results
of long-term follow-up after HT in two groups: with
allograft ischemia duration less than 4 hours, on average
180 (158-190) minutes, and exceeding the safe ische-
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Fig. 2. Quality of life in the long-term follow-up after heart
transplantation, SF-36 questionnaire results

mia threshold (average ischemia time 350 (300—430)
minutes).

The results of the study showed that the adverse effect
of long-term cold ischemia of the allograft affects the
early postoperative period after HT. Myocardial inju-
ry during prolonged cold ischemia and its subsequent
reperfusion injury led to contractile dysfunction of the
donor heart on the first day after HT, which required
more prolonged inotropic support in the group with graft
ischemia of more than 4 hours. It should be noted that
by the end of hospitalization the myocardial contractili-
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ty in this group corresponded to normal values and did
not differ from the group with the duration of allograft
ischemia less than 4 hours. Mortality in the study groups
in the early postoperative period also had no significant
differences, including cases associated with primary graft
dysfunction. These data are comparable with the results
of other researchers [15].

Numerous studies show improvements in physical
performance, peak oxygen consumption and other pa-
rameters of pulmonary ventilation and gas exchange in
the general cohort of patients undergoing HT [16—19].
However, when analyzing the effect of long-term allo-
graft ischemia, the authors, as a rule, use only the main
characteristics of clinical outcomes, such as graft re-
jection reactions, survival [4-6, 15]. In particular, the
current international recommendations do not analyze
the potential interactions between the ischemic time of
the allograft and the characteristics of the clinical and
functional state of the recipient’s body and do not assess
the role of the ischemic time of the allograft in any spe-
cific subgroups [2].

The advantage of the present study was a compre-
hensive assessment of the functional state of the cardio-
respiratory system in the long term after HT, depending
on the duration of graft ischemia.

Patients of both studied groups in the long term after
HT corresponded mainly to FC I-II by NYHA and were
characterized by normal myocardial contractility. There
were no differences in the incidence of graft rejection
reactions and patient survival.

The effect of the duration of graft cold ischemia on
exercise tolerance and other CPT parameters was not
noted. All patients in the long term after HT were charac-
terized by high efficiency of pulmonary ventilation and
gas exchange, high physical performance. The level of
peak oxygen consumption in the general group, equal to
17 (14.7-21.0) ml/min/kg and VE/VCO, slope equal to
30(29-36), as well as an increase in PetCO, during exer-
cise over 5 mm Hg. Art. obtained in our study indicate a
good long-term prognosis in patients undergoing HT. The
kinetics of heart rate recovery and oxygen consumption
after stress testing also did not depend on the duration
of graft ischemia.

Quality of life, being an important indicator of the
effectiveness of treatment, in our study did not show
significant differences depending on the duration of graft
ischemia and corresponded in the long term after HT to
a level above the average for both physical and psycho-
emotional health components of the SF-36 questionnaire.

The findings are comparable to those of large studies.
Despite the fact that the overall risk of graft dysfunction
increases with an increase in the duration of ischemia
beyond 4 hours, many authors believe that it is possible
to safely increase the threshold to at least 5 hours wit-
hout compromising HT results [20]. According to other
authors, exceeding the safe time threshold has a nega-
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tive value only for an allograft obtained from an older
donor, since, due to age-related changes, the heart of an
elderly donor may be especially susceptible to hypoxic
and reperfusion damage and have a lower ability to re-
generate [6, 21]. In addition, in the future, the role of the
ischemic time of the allograft may change as a result of
the possible introduction of new perfusion systems for
the preservation of donor organs [22].

The limitation of this study was the relatively small
number of observations after HT with prolonged cold
ischemia of the allograft. However, the results obtained
in this cohort of patients indicate the need for further
study of this issue from the standpoint of a comprehen-
sive assessment of the functional state of the organism
of recipients after HT.

CONCLUSION

The study showed that long-term cold ischemia of the
donor heart has a negative effect on the early postopera-
tive period of HT in the form of a decrease in myocardial
contractility on the first day after surgery and an increase
in the duration of inotropic support. The survival rate
and the incidence of graft rejection reactions in the early
and late periods after HT were comparable in the groups
with graft ischemia of less than 240 minutes and with
prolonged ischemia of more than 240 minutes.

Long-term cold ischemia of the graft did not show a
negative effect on the functional state of the cardiorespi-
ratory system and quality of life in the long term after HT.
The study group of recipients was characterized by high
efficiency of pulmonary ventilation and gas exchange, as
well as high exercise tolerance in the long term after HT.

The authors declare no conflict of interest.
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PERSONALITY FACTORS IN HEART TRANSPLANT RECIPIENTS
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Objective: to assess the personal psychological profile of heart transplant recipients as the first stage in the
development of post-transplant personalized rehabilitation programs. Materials and methods. From January
2010 to July 2019, 129 HTs were performed (mean age 46.6 = 14.1 years; 74% (n = 95) were men, 26% (n =
34) were women). All patients in the heart transplant waiting list were examined by a clinical psychologist and a
psychotherapist to exclude contraindications to transplant surgery. To assess personal traits, we used the standard
multifactorial questionnaire by Cattell R., 16 PF (version A), which included 187 questions. Heart transplantation
and absence of post-transplant severe cognitive impairments were the selection criteria for this study. Patients
were surveyed before they were discharged from the hospital — 30—60 days following HT: during the period of
complete recovery after surgery. In the present study, a retrospective assessment of the results was performed in
107 patients (n = 76 — men; n = 31 — women). Results. Analysis of the personality portrait revealed that over half
of recipients were reserved, distant (factor A — schizothymia) and restrained (factor F — restraint; F2 — introvert;
F4 — conforming) with lower mental capacity (factor B), and were shy, timid (factor H), with low super ego (factor
G: irresponsible, tolerates disorder, flexible, open to change). Our results showed that 47% of patients (n = 18 out
of 38 patients, n = 22 are pensioners) with a weak degree of factor C (reactive, affected by feelings) are workers
to 42% (n =29 out of 69, n = 28 — retirees) with a strong degree of the same factor. One year after HT, the number
of physically active patients was higher among those with low anxiety compared with high anxiety (41% (18 of
44) and 32% (20 of 63), respectively, p=0.41). Conclusion. Personality factors are non-modifiable characteristics
of patients. They affect human behavior, return to work and to social life, as well as physical and psychological
recovery from HT. Knowing the personal traits of recipients would allow to develop a personalized approach to
their rehabilitation and a technique for timely examination after HT.

Keywords: heart transplantation, psychological well-being, personality factors, quality of life.

34) women), of which six were children (median age 15,
range 10 to 16); 5 girls, 1 boy). Mechanical circulatory
support (MCS) was implanted as a bridge to HT in 14%
(n = 18) patients: 11 — extracorporeal membrane oxy-
genation (ECMO) system, 8 — Berlin Heart “EXCOR”
biventricular system, 1 — left ventricular assist circulatory
system (and LV “AVK-N"). While on the waiting list for
heart transplantation (HT WL), 46 patients were working
or studying (school, institute) and 83 were not working,

INTRODUCTION

Psychological and social factors in patients with
chronic heart failure (CHF) and recipients before heart
transplantation (HT) take on special significance and
determine the patients’ compliance at the stage of waiting
for the operation, during reconstructive postoperative
treatment and rehabilitation, which is related directly to
the overall clinical prognosis, including their survival
[1]. Despite the fact that every year the number of HT

increases [2] and there are studies reflecting the dynamics
of quality of life (QL) after surgery, at present there are
no publications on the peculiarities of personal charac-
teristics of recipients after a heart transplantation.

Purpose: to assess the personal psychological profile
of heart transplant recipients as the first stage in the de-
velopment of post-transplant personalized rehabilitation
programs

MATERIALS AND METHODS

January 2010 to July 2019, 129 HT were performed
(mean age 46.6 £ 14.1 years; 74% (n=95) men, 26% (n=

including retirees. One of the points of examination at
HT WL was a consultation with a clinical psychologist
and a psychotherapist to rule out contraindications for
surgery. If necessary, patients were recommended to take
antidepressants. After HT, consultations with a clinical
psychologist or a psychotherapist were performed only
by indications or personal requests of patients: two pa-
tients continued to take the drugs recommended by the
HT WL, and 5 drugs were first prescribed within 1 month
to 5 years after HT.

To assess personal characteristics, we used the stan-
dard multifactorial questionnaire by Cattell R., 16 PF
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(version A), which includes 187 questions and is desig-
ned to examine adults with an education of at least 89
grades. The results of the questionnaire allow us to assess
the primary and secondary factors of various personality
traits, which have a double (bipolar) title characterizing
the degree of development of a trait: strong or weak
[3]. This study was conducted in accordance with the
principles of the Declaration of Helsinki.

The selection criteria for this study were HT perfor-
med and the absence of severe cognitive impairments
that developed in the post-transplant period. Patients
were questioned before they were discharged from the
hospital on days 30-60 after HT: during the period of
complete recovery after surgery. Patients under 18 com-
pleted the questionnaires only after they reached the age
of 16—17. In the present study, a retrospective assessment
of the results was performed in 107 patients (76 men,
31 women). The analysis did not include 22 recipients
(17%): 10% (13 of 129) died in the early postoperative
period, 3% (4 of 116) were not questioned due to severe
cognitive impairments developed after HT, and five were
not included in the present study due to HT performed
less than 30 days ago.

After discharge from the hospital, all recipients were
put on dispensary registration in the Center, including
regular observation, laboratory and instrumental research
and specialist consultations.

Data were statistically processed with the SPSS
21.0RU software. Mean values and standard deviation

(M = SD) were calculated. In case of a small sample
(<20), the data were presented as medians (Me) [mi-
nimum and maximum values]. Statistical significance
criterion was p < 0.05. Correlation analysis was also
performed.

RESULTS

In the described population, the psychological per-
sonality profile of patients after HT in most of them is
presented by strong features: the frequency of occurrence
of personal factors of more than 50% was 13 strong
degrees and 7 weak degrees out of 20 (Table 1). Ac-
cording to our results, only one third of patients who
underwent HT had high intelligence. When analyzing
the personality portrait, it was revealed that more than
half of the recipients were secretive, distrustful (factor
A — schizothymia) and restrained (factor F — restraint;
F2 — introvert; F4 — conformity) with low intelligence
(factor B), indecisive (factor H — trektia), with a low
superego (factor G: irresponsible, disorganized, fickle,
changeable). Among the personal factors, the majority of
patients showed emotional stability (factor C — strength
I), self-will and stubbornness (factor E — dominance),
restlessness and fussiness (factor [ — premission), internal
tension and egocentricity (factor L — resistance), idea-
lism and dreaminess (factor M — autism), insight (factor
N —diplomacy), depression and self-flagellation (factor
O — hypothymia), good awareness and tolerance for in-

Table 1

Results of P. Cattell’s a6 PF questionnaire in heart transplanted patients (version A)

Determining Personal characteristics
factors « » PP
I Factor A Schizothymia 60% (n = 64) | Affectothymia 40% (n=43)
11 Factor B Low intelligence 65% (n =70) |High intelligence 35% (n=37)
1T Factor C Weak 1 36% (n=38) |Strong I 64% (n = 69)
IV |Factor E Conformity 33% (n=35) |Dominance 67% (n="72)
\" Factor F Reservedness 61% (n = 65) | Expressiveness 39% (n =42)
VI | Factor G Low superego 60% (n = 64) |High superego 40% (n=43)
VII |Factor H Trektia 62% (n=66) |Parmia 38% (n=41)
VIII |Factor I Harria 41% (n = 44) |Premsia 59% (n = 63)
IX |Factor L Alaxia 39% (n=42) |Protensia 61% (n = 65)
X Factor M Praxernia 37% (n=40) | Autia 63% (n = 67)
XI  |Factor N Straightforwardness 27% (n=29) | Diplomacy 73% (n =78)
XII |Factor O Hyperthymia 48% (n=51) |Hypothymia 52% (n=56)
XIII | Factor Q1 Rigidity 43% (n =46) |Radicalism 57% (n=61)
XIV | Factor Q2 Group dependence 12% (n=13) | Self-sufficiency 88% (n=94)
XV | Factor Q3 Low self-righteousness 30% (n=32) |High self-righteousnes 70% (n =75)
XVI | Factor Q4 Low ego tension 32% (n =34) |High Low ego tension 68% (n="73)
Secondary factors
I Factor F1 Low anxiety 41% (n=44) |High anxiety 59% (n=63)
11 Factor F2 Introvert 64% (n = 69) |Extrovert 36% (n = 38)
0l Factor F3 Sensitivity 48% (n=51) |Reactive balance 52% (n = 56)
IV | Factor F4 Conformity 82% (n = 88) |Independence 18% (n=19)
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conveniences (factor Q1 — radicalism) and reactive ba-
lance (factor F3 — stability, cheerfulness, determination).

The primary factor “C” is responsible for 2 degrees
of development: “— weakness of the I (weakness, emo-
tional instability, changeable, easily upset, refuses to
work, unwavering in interests) and “+” strength of the
I (strength, emotional stability, mature, realistic con-
figured, workable). According to our results, 47% (18
patients out of 38; 22 are retirees) with a weak degree
of factor C are working, compared to 42% (29 out of
69; 28 are retirees) with a strong degree of this factor
(“I Power™).

The primary factor “B” has 2 degrees of development
of traits: “—"—low intelligence (unfocused, disorganized
with rigid thinking and low mental abilities) and “+” —
high intelligence (focused, quick-witted, high mental
abilities). The number of obese patients (BMI >30 kg/
m’) prevailed among patients with weak factor B (low
intelligence) compared with those with high intelligence
(11% (8 out of 70) and 5% (2 out of 37), respectively, p=
0.49). Factor Q4 levels, low ego tension and high ego
tension, reflect personality characteristics ranging from
relaxation, apathy, low motivation and laziness to focus,
energy, increased motivation and activity: 35% (12 of
34) of patients with low ego returned to work after HT
versus 44% (32 of 73) with high ego (p = 0.53).

One year after HT, the number of physically active
patients was higher among those with low anxiety com-
pared with highly anxious (41% (18 of 44) and 32% (20
of 63), respectively, p = 0.41). According to our results,
the personal characteristics of patients did not affect the
parameters of cardiopulmonary testing (VO,,ci VOopear
(% MV), Ve/VCO,) 1 year after HT (p > 0.05).

When comparing personality characteristics depen-
ding on gender, it was revealed that in men 9 out of
20 factors had a weak degree of development, while
in women — 10 out of 20 (Table 2). In men, among the
factors, harria prevailed (severity, realistic judgments,
does not pay attention to physical ailments, practicality)
and extension (great conceit, irritability, the requirement
from others to be responsible for their mistakes), while in
women — a premium (sensitivity, hypochondria, anxiety,
over-caution) and alaxia (gullibility, agreement with the
proposed conditions, tolerance). Hypothymia (anxiety,
anxiety, depression, feelings of loneliness, hypochondria)
prevailed among women, and hyperthymia (carelessness,
self-confidence, serenity, thoughtlessness) among men.
Both sexes had high self-esteem, self-sufficiency, high
ego-tension and anxiety (>50%). 62% of men and 71%
of women in the analyzed population were characterized
by shyness, secrecy, restraint (factor F2 — introvert) and
passivity, the need for support (factor F4 — conformity).

Table 2
Results of personality factors in patients after heart transplantation regarding their gender
Nos. Factors “-” Factors “+”
Men Women Men Women
(n=176) (n=31) (n=176) (n=31)
Primary factors
1 Schizothymia 62% (n=47) | 55% (n=17) | Affectothymia 38% n=29) | 45% (n=14)
11 Low intelligence 64% (n=49) | 68% (n=21) |High intelligence 36% (n=27) | 32% (n=10)
I | Weak I 33% (n=125) | 42% (n=13) |Strong I 67% n=51) | 58% (n=18)
IV | Conformity 28% (n=21) | 45% (n=14) |Dominance 72% (n=55) | 55% (n=17)
\" Reservedness 59% (n=45) | 65% (n=20) |Expressiveness 41% (n=31) | 35% (n=11)
VI | Low superego 59% (n=45) | 61% (n=19) |High superego 41% (n=31) | 39% (n=12)
VII | Trektia 61% (n=46) | 65% (n=20) |Parmia 39% n=30) | 35% (n=11)
VIII |Harria 57% (n = 43) 3% (n=1) |Premsia 43% (n=33) | 97% (n=30)
IX |Alaxia 34% (n=26) | 52% (n=16) |Protensia 66% (n=50) | 48% (n=15)
X [IpakcepHus 41% (n=31) | 29% (n=9) |Autia 59% (n=45) | 71% (n=22)
XI | Straightness 29% (n=22) | 23% (n=7) |Diplomacy 71% (n=54) | 77% (n=24)
XII |Hyperthymia 58% (n=44) | 23% (n=7) |Hypothymia 42% (n=32) | 77% (n=24)
XIII | Conservatism 38% (n=29) | 55% (n=17) |Radicalism 62% (n=47) | 45% (n=14)
XIV | Group dependence 15% (n=11) 6% (n=2) |Self-sufficiency 85% (n=65) | 94% (n=29)
XV | Low self-righteousness | 29% (n=22) | 32% (n=10) |High self-righteousness | 71% (n=54) | 68% (n=21)
XVI | Low ego tension 34% (n=26) | 26% (n=28) |High ego tension 66% (n=50) | 74% (n=23)
Secondary factors

I Low anxiety 47% (n=36) | 26% (n=38) |High anxiety 53% (n=40) | 74% (n=23)
11 Introvert 62% (n=47) | 71% (n=22) |Extrovert 38% n=29) | 29% (n=9)
IIT | Sensitivit 33% (n=25) | 84% (n=26) |Reactive balance 67% (n=51) 16% (n=15)
IV | Conformity 80% (n=61) | 87% (n=27) |Independence 20% n=15) | 13% (n=4)
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There were no correlations between personality
characteristics and mortality after heart transplantation
(p > 0.05).

The following correlations between the factors of per-
sonal characteristics have been determined (Table 3). In
51% (n=54) patients, a relationship was found between
two factors: restraint, caution (factor F) and self-suffici-
ency, independence in decision-making (Q2). Moreover,
11% (6 out of 54) of patients with the above factors died
within 3 months to 3 years after HT, compared with
15% (n = 8 out of 53) of patients who died without the
personality characteristics F and Q2 (2 — sudden cardiac
death, 1 —acute cerebrovascular accident (CVA) and 5 —
progression of chronic diseases). In 5 out of 6 recipients,
lethal outcomes (3 — crises of allograft rejection with
graft dysfunction, 1 — myocardial infarction, transplanted
heart coronary artery disease (ACVD), 1 — CVA) occur-
red due to complications for which they did not timely
report complaints.

Moreover, 57% (n=61) of patients had a combination
of factors F1 + Q4 (irritability and aggressiveness), 13%
(8 of 61) of which died, compared with 8.7% (7 of 46)
of patients, not having these personality factors.

DISCUSSION

Patients after heart transplantation use different types
of defense mechanisms, and more active use of defense
mechanisms leads to psychological readiness for trans-
plantation [4, 5]. Quality of life (QL) levels in physical
well-being in patients after HT are improved, results
are better in physically active patients [6]. QL and the
incidence of depression after transplant have been stu-
died in various works [7—10], but there are currently no
publications on personality characteristics in recipients
who received HT.

Personal characteristics are features that occur in all
patients and do not change regardless of the operation.
Depending on certain personal factors, the behavior of
the recipient may differ and lead to different reactions
to complications and coping mechanisms to negative
dynamics of the state [4, 5]. Emotionally labile, or vice
versa, reserved patients may underestimate the emer-
gence of new complaints and untimely seek medical
attention. While determined, radical patients with ex-
troverted thinking will be motivated to improve their
quality of life, perform regular physical activity and

Table 3
Correlations between personality factors in patients after heart transplantation
Nos. Factor Value Deciphered personality factors Patients
correlations
Positive correlations
r=0.390 |Being a dominant, unyielding, conflicting, wayward and extrovert who o _
! Eand F2 (p <0.001) |is good at establishing and maintaining social contacts 34% (n = 36)
2 E and F4 (Ir) z %%%g) Being dominant and independent and aggressive 15% (n=16)
3 F and F2 (; : %%%31) Being expressive, impulsive and extroverted 27% (n=29)
an e eing bold, adventurous, light-hearted and extroverte o (n=
4 | HandF2 (;<%50%51) Being bold, ad light-hearted and d 26% (n = 28)
an e eing dreamy, distracted, unbalanced and independent o(n=
5 | MandF4 (;<%%})?) Being d d d, unbalanced and independ 16% (n = 17)
r=0.365 |Being radical and critical, with intellectual interests, and aggressive, o _
6 | QlandF4 1 001y |quickewitted 16% (n=17)
7 F1 and Q4 r=0757 Being irritable, motivated and aggressive, but quick-witted 57% (n=61)
(p<0.001)
Negative correlations
r=-0.377 |Being reserved, cautious, pessimistic and self-sufficient, independent in o _
8 Fand Q2 (p <0.001) | making decisions >1% (n=34)
= 0371 Being indecisive, irritable, strictly adhering to rules and guidelines and
9 Hand F1 (<0 '001) satisfied with life, but with little motivation to strive for new goals and | 13% (n=14)
p=0 better quality of life
r=-0.329 |Being emotionally labile and calm with a lack of motivation to take o _
10 Hand Q4 (p <0.001) |additional actions 12% (n=13)
11 Iand F3 r=-0.546 Being realistic, practical, who doesn't pay attention to physical ailments | 19% (n = 20)
(p <0.001)
r=-0.324 |Being practical, attentive to small things, conscientious and calm, but N _
12 Mand F3 (p <0.001) |having difficulty making quick decisions on their own 25% (n=27)
r=-0.302 |Being straightforward, emotionally labile and at the same time o _
13 Nand F2 (p=0.002) |secretive, reserved and shy 19% (n =20)
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outpatient examination according to the protocol after
heart transplantation.

The stress associated with HT can also occur long
after transplant. The types of psychological disorders
and associated risk factors confirm the need for ongoing
psychological and clinical support of recipients after
HT [11]. Symptoms of depression and post-traumatic
stress disorder (PTSD) can also increase mortality and
morbidity among patients in HT WL and after HT [11,
12]. Factors influencing the development of stress and
psychological disorders after surgery: young age, fema-
le sex, orthopedic diseases and lack of psychological
support [11]. But personality traits are not modifiable
factors due to HT or other surgical interventions, but only
reflect the personal character of patients. It is important
to organize social support for patients both in HT WL
and after heart transplantation [12]. Currently, there is
no unified system of social and psychological support
for recipients after HT in the Russian Federation; each
center chooses its own protocol for working with them.
In the conditions of our Center, we adhere to a persona-
lized approach to working with patients at HT WL and
after HT. All recipients are regularly monitored and have
the opportunity of telephone contact with the attending
physician when complaints or changes in their state of
health appear, which made it possible to form a patient-
physician relationship and increased the number of cases
of timely access to medical institutions, examination
and treatment initiation. We also recommend conducting
training on the peculiarities of life after HT not only for
recipients, but also for their relatives (parents, spouses,
children). In informed consent for observation, patients
with heart transplants always indicated the closest con-
tact for communication, the closest relatives reported a
deterioration in the patients’ well-being, including with
the appearance of febrile fever, shortness of breath, neu-
rological disorders, etc., which made it possible to start
treatment on time and unscheduled them hospitalize.
Formation of communication “patient—doctor” can be
especially useful in relation to secretive and restrained
patients, and in relation to anxious and hypochondriacal
patients, knowledge of the anamnesis of the disease and
long-term observation will make it possible to verify the
disease in a shorter time.

Gender differences also affect the types of stress and
coping mechanisms and the tactics of their treatment
after heart transplantation [13]. According to our results,
male transplanted patients were more secretive, decisive
and inclined to ignore difficulties (factors F2 — introvert,
F3 — reactive balance), while patients after HT were
dominated by hypochondria, hypercaution, sensitivity,
anxiety, anxiety and depression. (factors I — premium,
O — hypothymia, F3 — sensitivity).

According to L. Petrucci et al., 87% (n=131) of reci-
pients worked before transplant, and only 39% (n = 51)
returned to work after surgery [14]. In our analyzed po-
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pulation, 36% (46 of 129) of patients worked or studied
during their stay at HT WL and 43% (47 of 107) returned
to work/school after a heart transplant. Moreover, some
employers approached the patients’ attending physici-
ans to clarify their professional suitability and obtain a
written work permit, considering their state of health.

In the future, a large study is required to assess the
frequency of hospitalizations and post-transplant com-
plications, as well as to search for risk factors for the
development of psychological problems and failure to
achieve psychological well-being after HT.

CONCLUSION

Personality characteristics are non-modifiable traits
of patients that affect their behavior, return to work and
social life, and their physical and psychological recovery
after HT. Rehabilitation of patients should include the
formation of a trusting relationship “patient—doctor”,
the possibility of unscheduled telephone contact with
the attending physician in the event of new complaints
or the development of complications. Knowledge of the
personal characteristics of recipients will allow to deve-
lop a personalized approach to their rehabilitation and an
algorithm for timely examination after HT.

The authors declare no conflict of interest.
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Objective: to analyze the correlation between the expression levels of microRNA-101, microRNA-142,
microRNA-27, microRNA-339, and microRNA-424 and the plasma concentrations of biomarkers that are po-
tentially significant for the diagnosis of post-transplant complications in heart recipients. Materials and methods.
The study enrolled 72 heart recipients, among whom were 56 men (77.8%). The average age of recipients was
48.6 £10.9 (16 to 70) years. There were 38 patients with severe chronic heart failure, among whom were 29 men
(76.3%). Patients’ mean age was 48.8 = 9.9 (26 to 70) years. The control group consisted of 12 healthy individuals
who did not differ significantly by sex and age. microRNA expression levels in blood plasma were measured via
quantitative polymerase chain reaction. Plasma concentrations of VEGF-A, PLGF, MCP-1, and sCD40L were
determined using a multiplex method. ST2 and Galectin-3 concentrations were measured via enzyme-linked im-
munosorbent assay. Results. Patients with end-stage chronic heart failure were found to have significantly higher
expression levels of microRNA-27, microRNA-339 and microRNA-424 in blood plasma compared with the healthy
individuals. In potential heart recipients, the expression le vels of microRNA-339 and microRNA-424 correlated
with serum galectin-3 concentrations, microRNA-101 expression levels correlated with PLGF-1 concentrations,
while microRNA-27 expression levels correlated with plasma MCP-1 concentrations. In the early post-transplant
period, the expression levels of microRNA-101, microRNA-339, and microRNA-424 in heart recipients were
significantly lower than in patients with severe chronic heart failure. In the early post-transplant period (one year
or more after transplantation), microRNA-101 and microRNA-27 expression levels were significantly higher
than in heart recipients. A year or more after transplantation, the following correlations were found in heart re-
cipients: microRNA-142 expression level correlated with serum levels of galectin-3 (p = 0.05), microRNA-27
and microRNA-424 expression levels correlated with ST2 concentrations (p = 0.02), microRNA-27 expression
level correlated with PLGF-1 concentrations (p = 0.02), while microRNA-101 expression level correlated with
serum levels of PAPP-A (p = 0.05). Conclusion. In heart recipients, the expression levels of microRNA-142,
microRNA-27, microRNA-424, and microRNA-101 correlate with the concentration levels of biomarkers of fib-
rosis (Galectin-3), rejection (ST2), neoangiogenesis (PLGF), and tissue destruction (PAPP-A). A comprehensive
analysis of pre- and post-translational markers may open up new perspectives in diagnosis, assessment of the risks
of post-transplant complications, and in understanding the processes leading to their development.

Keywords: heart transplantation, rejection, microRNA, ST2, Galectin-3, placental growth factor (PLGF),
pregnancy-associated plasma protein A (PAPP-A).

frame stipulated by the protocol, as well as when signs
of graft dysfunction are manifested [1]. Due to the fact
that the innervation of the transplanted heart is disturbed,
post-transplant complications in heart recipients are not
accompanied by pain and may develop asymptomati-
cally. To ensure long-term functioning of the transplanted

INTRODUCTION

Timely diagnosis of post-transplant complications
is necessary to select and adjust the optimal dosages
of immunosuppressive therapy and restore the function
of the transplanted organ. To date, the standard for de-

termining the degree and nature of acute rejection of
a transplanted heart is endomyocardial biopsy (EMB),
which is performed after transplantation, within the time

organ, early diagnosis of complications after transplan-
tation and the appointment of well-timed treatment are
necessary [2].
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The participation of a number of biomarkers in the
development of cardiovascular complications in patients
with heart failure and in patients with heart transplants
has been recently shown, as well as the possibility of ex-
ploiting the assessment of their concentration to predict
and diagnose acute rejection, coronary artery disease,
cardiac graft fibrosis [3—6].

A separate group of signaling molecules considered
as promising candidates for the role of biomarkers of
post-transplant complications in heart recipients is made
up of microRNAs — small non-coding RNAs that regulate
gene expression. It is believed that microRNAs play an
important role in the regulation of the functions of both
healthy and damaged cells. Changes in the expression
of some miRNAs are associated closely with a number
of pathological processes, such as autoimmune disea-
ses, malignant neoplasms, and rejection of transplanted
organs [7-9].

In this work, we analyzed the relationship bet-
ween the expression level of miRNA-27, miRNA-101,
miRNA-142, miRNA-339 and miRNA-424, determined
in the blood plasma of cardiac recipients, with the con-
centration of biomarkers that are potentially significant
for the diagnosis of post-transplant complications.

MATERIALS AND METHODS

The study included 72 patients who underwent heart
transplantation (HT) in 2013-2016 at the Shumakov Na-
tional Medical Research Center of Transplantology and
Artificial Organs (Ministey of Health of Russia, Moscow,
Russian Federation), among them men 56 (77.8%), the
average age of recipients was 48.6 + 10.9 (16 to 70), and
38 patients with severe chronic heart failure (III and IV
functional class by NYHA), including 29 men (76.3%),
the average age of patients was 48.8 = 9.9 (26 to 70).
Dilated cardiomyopathy (DCMP) was diagnosed in 20
(52.6%) patients with severe chronic heart failure, and
coronary heart disease (IHD) in 18 (47.4%) patients.
Follow-up of recipients after transplantation included:
early period, the first month after HT (median 35 [15;
69] days); long-term period, a year or more after HT
(median 404 [346.7; 783.5] days). The comparison group
consisted of 12 healthy individuals, which did not differ
significantly in gender and age.

All patients with indications for HT underwent a rou-
tine examination according to the National Clinical Gui-
delines “Heart transplantation and mechanical support of
blood circulation” and the protocol for managing patients
at the Shumakov National Medical Research Center. Af-
ter transplantation, routine examinations of the recipient
included: clinical assessment of the state, general and
biochemical blood tests to determine the concentration
of tacrolimus, 24-hour blood pressure monitoring (to
correct antihypertensive therapy), echocardiographic
examination, repeated myocardial biopsies, annual co-
ronary angiographic examination. All recipients received
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three-component immunosuppressive therapy, including
a combination of calcineurin inhibitors (tacrolimus) and
cytostatics (mycophenolate mofetil or mycophenolic
acid), as well as varying doses of oral prednisolone, de-
pending on the time after surgery and the frequency of
episodes of transplant rejection and adjuvant medication
if required [1].

The material for the study of miRNA expression was
venous blood plasma (1 to 3 samples from each patient,
1.44 on average). Patients’ peripheral blood samples
were collected in disposable tubes with the anticoagu-
lant ethylenediamineacetic acid (EDTA), centrifuged for
10 minutes at 3000 rpm, after which the blood plasma
was separated from the cell sediment and immediately
frozen at —20 °C. Total RNA was isolated from 100 pL
of'blood plasma using Serum Plasma kits (Qiagen, USA)
with preliminary addition of 1.6 x 10® copies of synthetic
miRNA cel-miR-39 (Qiagen) after plasma incubation
with Qiazol phenolic mixture. Cel-miR-39 was used as
an internal control of the efficiency of RNA isolation,
synthesis of complementary DNA (cDNA), and quanti-
tative polymerase chain reaction (PCR) in real time. The
intensity of miRNA expression was calculated using the
27T method [10] and was expressed in relative units
equivalent to log, (2*“"), where ACt are the working va-
lues of the change in the production cycle relative to the
internal control of miRNA cel-miR-39 expression.

The concentration of VEGF-A, PIGF, MCP-1, and
sCD40L in blood plasma was determined using a mul-
tiplex method that combines the principle of flow flu-
orimetry and enzyme immunoassay using polystyrene
magnetic microspheres marked with red and infrared
fluorophores, loaded with specific antibodies. The mul-
tiplex panel was generated based on the Simplex Procar-
taPlex™ reagent kits. Determination of ST2 concentra-
tion in blood plasma was carried out by the method of
enzyme-linked immunosorbent assay using the Critical
Diagnostics Presage® ST2 Assay reagent kit (USA). The
concentration of galectin-3 in blood plasma was mea-
sured by enzyme immunoassay using Human Galec-
tin-3 Platinum ELISA reagent kits (Bender MedSystems
GmbH, Vienna, Austria). Optical density at a wavelength
of 450 nm was measured on a spectrophotometer.

Statistical data processing. Statistical analysis of
the results was performed with the IBM SPSS Statistics
20 software package (IBM SPSS Inc., USA). The data
obtained were statistically processed by nonparametric
methods: when comparing dependent samples, the paired
Wilcoxon test, and the Mann—Whitney U test to compa-
re the independent variables. To assess the relationship
between quantitative and qualitative ordered signs, the
Spearman’s rank correlation coefficient was calculated.
The critical level of significance was taken equal to 5%,
i. e., the null hypothesis was rejected at p < 0.05.
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RESULTS AND DISCUSSION

Comparative analysis of the expression level of
miRNA-101, miRNA-142, miRNA-27, miRNA-339 and
miRNA-424 in healthy individuals and patients with
terminal chronic heart failure is given in Table 1. Data
are presented as a median of concentrations [interquar-
tile range] with an indication of the significance of the
differences, which is due to the distribution of values
different from normal.

In patients with terminal chronic heart failure, the
expression level of miRNA-27, miRNA-339, and
miRNA-424 was significantly higher than in healthy
individuals (Fig. 1).

The expression level of miRNA-101 and miRNA-142
in these groups did not differ significantly (p = 0.08 and
p = 0.77, respectively).

In patients with severe chronic heart failure, the ex-
pression levels of miRNA-101, miRNA-142, miRNA-27,
miRNA-339, and miRNA-424 did not differ between
men and women (p =0.93, p=0.98, p=0.63, p=0.97
and p = 0.26, respectively). Indicators of miRNA ex-
pression did not depend on the patient’s age (r =—0.304,
p=0.16;r=-0.236, p=0.35; r=-0.361,p=0.08; r =
0.146, p = 0.44 and r =-0.054, p = 0.82, respectively).

The expression level of miRNA-339 in patients with
severe chronic heart failure caused by ischemic heart di-
sease was significantly higher than in patients diagnosed
with dilated cardiomyopathy (Fig. 2).

Table 1

Comparative analysis of miRNA expression in healthy individuals and patients
with severe chronic heart failure

MiRNA (log, (27°“) Healthy individuals CHF patients Confidence, p
. —5.66 —4.29
MiRNA-101 [-6.85; —4.97] [-6.86; 3.21] 0.08
. —7.39 -7.35
MIiRNA-142 [-10.26; —6.36] [-8.19; —6.25] 0.7
. -5.79 5.3
MiRNA-27 [-6.70; 4.6] [-6.37: —1.22] 0.02
. ~11.14 —6.06
MiRNA-339 [-11.75; ~11.03] [-7.89; —4.86] 0.0001
. 8.3 —5.46
MiRNA-424 [-9.34; -7.41] [-7.54; ~1.46] 0.001
4.0 4.0
45 . -5.0 p=10.0001
5 5 -6.0
5 -5.0 <‘]@ 70 -6.06
= _ < —7.89; —4.
3 55 =30 5 x0 [-7.89; —4.86]
- 6.0 _5.79 [-6.37; —1.22] o 90
3 65 [-6.7; 4.6] @ 100
Z 0 Z -11.0
g ’ E -12.0 —11.14
-7.5 _13.0 [-11.75; -11.03]
-8.0 ~14.0
Healthy CHF patients Healthy CHF patients
4.0
& 50 p=0.001
T
@N 6.0 -5.46
& [-7.54; —1.46]
<+ 7.0
g
< _
S 80
a4
= -8.3
& 90 [-9.34; -7.41]
S Fig. 1. The expression levels of miRNA-27, miRNA-339 and
-10.0 miRNA-424 in healthy individuals and patients with severe

Healthy
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There were no significant differences in the expressi-
on level of miRNA-101, miRNA-142, miRNA-27, and
miRNA-424 depending on the initial diagnosis (DCMP
or [HD) that caused the development of severe chronic
heart failure (p = 0.6, p=0.52, p = 0.87, p = 0.57 and
p = 0.12, respectively).

The following biomarkers were included in the pre-
sent study:

— vascular endothelial growth factor A (VEGF-A), pro-
duced by macrophages, fibroblasts, endothelial and
other cells; involved in the activation, proliferation,
migration and differentiation of endothelial cells of
blood and lymphatic vessels [12];

— placental growth factor (PLGF), a biomarker of neo-
angiogenesis involved in the initiation of inflamm-
atory processes in the vascular wall [13];

— macrophage chemoattractant protein (MCP-1) pro-
duced by vascular endothelial and smooth muscle
cells, fibroblasts, lymphocytes and other cells; MCP-1
activates the migration of leukocytes into the vascular
wall, is involved in the activation and degranulation
of leukocytes, myelopoiesis, angiogenesis and fibro-
genesis [14];

— soluble form of ligand CD40 (sCD40L), a component
of the CD40 / CD40L lymphocyte costimulation sys-
tem; participates in the processes of inflammation,
thrombus formation, causes the activation and proli-
feration of smooth muscle cells [15];

— stimulating growth factor (ST2), the soluble form
of which is the circulating form of the receptor for
interleukin-33 and is a biomarker of acute rejection
of a heart transplant; the secretion of interleukin-33
mainly occurs in response to mechanical stretching
of fibroblasts and cardiomyocytes, leading to the ac-
tivation of signaling pathways and preventing the
development of myocardial hypertrophy [16];

— galectin-3, belonging to the family of B-galactoside-
binding proteins that play an important role in the
regulation of inflammation, immune response and

p=0.02

—6.0 —5.39
[-6.58; —4.31]

~8.0 -7.38
[-8.28; —6.5]

miRNA-339, log,(2 2
4
S

-10.0

DCM CHD

Fig. 2. The expression levels of miRNA-339 in patients with
severe chronic heart failure depending on the initial diagno-
sis: DCM or CHD (log, (272<"))

fibrosis; at the site of injury, galectin-3 is able to be

secreted into the extracellular space, which stimula-

tes the process of fibrosis through the activation and

reproduction of fibroblasts [17].

A comparative analysis of the correlation between
the level of miRNA expression in the blood plasma of
patients with end-stage heart failure and the content of
protein (post-translational) biomarkers of post-transplant
complications is given in Table 2.

In patients with terminal chronic heart failure, the
expression level of miRNA-339 and miRNA-424 had an
inverse correlation with the concentration of galectin-3
(Fig. 3).

The expression level of miRNA-101 had a direct cor-
relation with the concentration of PLGF-1, and the level
of expression of miRNA-27 was inversely correlated
with the concentration of MCP-1 (r = 0.783, p = 0.01
and r=-0.717, p = 0.03, respectively).

No correlations were found between the expressi-
on level of miRNA-101, miRNA-142, miRNA-27,
miRNA-339, and miRNA-424 and the concentration of
VEGF-A, sCD40L, and PAPP-A in patients with end-
stage chronic heart failure.

Table 2

Comparative analysis of the correlation between of the miRNA expression levels in the blood plasma
of the patients with severe chronic heart failure and the concentration of biomarkers potentially
significant for the diagnosis of post-transplant complications

MiRNA Galectin-3 VEGF-A PIGF-1 MCP-1 sCD40L PAPP-A
MIRNAOL | 205 | pZo% | powor | pm09r | poas | po096
iRnA-142 | TR | D06 | oot | poo06 | poss | peod
MRna27 | TTEER | T e | Tomoas. | Taooes | “peozs. | Tpoods
MiRNAS39 | "PZ6es | TpZars | oot | peoes | peosr | pols
MiRNA-24 | " T | Zoa | poos | 5023 | pooss | p-oss
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Fig. 3. Correlation between the expression level of miRNA-339, miRNA-424 and the concentration of Galectin-3 in patients
with severe chronic heart failure (log, (272%))

Table 3

Comparative analysis of microRNAs expression in patients with chronic heart failure and heart transplant
recipients at early and long-term after transplantation

MiRNA (log, (27) CHF patients Heart recipients Confidence, p
1 month after HT 1 year after HT
MiRNA-101 —4.29 [-6.86; —3.21] —8.28 [-9.74; —5.77] —6.12 [-7.39; 4.61] | 0.005* | 0.03**
MiRNA-142 —7.35 [-8.19; —6.25] —7.03 [-8.35; —6.01] —6.52 [-7.39; =5.09] 0.89*% | 0.25%*
MiRNA-27 —5.3[-6.37; -1.22] —5.76 [-6.24; —4.08] —3.85 [4.88; —1.73] 0.19*% | 0.02**
MiRNA-339 —6.06 [-7.89; —4.86] —9.91 [-11.29; -5.94] | -9.02[-10.56;-5.80] | 0.02* | 0.44**
MiRNA-424 —5.46 [-7.54; —1.46] —7.21 [-8.25; —6.13] —6.41 [-7.60; —5.50] 0.01*% | 0.09**

Note. * — comparison between groups of patients with CHF and recipients after 1 month after HT; ** — comparison between

groups of recipients after 1 month and 1 year after HT.

A comparative analysis of the expression level of
miRNA-101, miRNA-142, miRNA-27, miRNA-339,
and miRNA-424 in patients with chronic heart failure
and heart recipients showed a tendency for a decrease in
expression in the early stages after transplantation and a
gradual increase in the long term (Table 3).

Fig. 4 shows the dynamics of the studied miRNAs in
patients with severe chronic heart failure and recipients
at different times after transplantation.

In heart recipients, 1 month after transplantation,
the expression level of miRNA-101, miRNA-339, and
miRNA-424 was significantly lower than in patients with
terminal chronic heart failure.

The expression level of miRNA-101 and miRNA-27
in heart recipients 1 year or more after transplantation
was significantly higher than after 1 month after HT.

There were no differences in the expression of the stu-
died miRNAs in patients with severe chronic heart failure
and long-term recipients after transplantation (p > 0.05).

In the early stages after transplantation, the expressi-
on level of miRNA-101, miRNA-339, and miRNA-424
is lower than in patients with end-stage chronic heart fai-
lure. A year or more after transplantation, the expression
level of miRNA-101 and miRNA-27 in cardiac recipients
increases as compared to those at early stages, which may
reflect the development of fibrosis in the graft.

62

The presented data, obtained in the study of a larger
number of heart recipients, confirm the results of our pre-
vious work [11] regarding the significance of differences
in the level of miRNA-101 expression in patients with
end-stage CHF and recipients in the early stages after
HT, as well as the level of miRNA-101 and miRNA-27
in early and late periods after transplantation. At the same
time, new results were shown regarding the reliability
of differences in the expression levels of miRNA-339
and miRNA-424 in patients with end-stage CHF and
recipients in the early stages after HT.

Analysis of the correlation between the level of
miRNA expression in the blood plasma of recipients
1 year or more after transplantation with the content of
biomarkers potentially significant for the diagnosis of
post-transplant complications is given in Table 4.

In cardiac recipients 1 year or more after transplanta-
tion, the level of miRNA-142 expression had an inverse
correlation with the concentration of galectin-3 (Fig. 5).

There is evidence that miRNA-142 is expressed by
T-lymphocytes and is involved in the regulation of acute
cellular rejection of the transplanted heart [18]. The cor-
relation between the level of miRNA-142 expression and
the concentration of galectin-3 suggests the involvement
of immune mechanisms in the processes of myocardial
fibrosis in cardiac recipients.
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after HT after HT long term after transplantation (log, (27*"))
Table 4
Comparative analysis of the correlation between of the miRNA expression levels
in the blood plasma of the recipients at long-term after transplantation
and the concentration of biomarkers potentially significant
for the diagnosis of post-transplant complications
MiRNA Galectin-3 ST2 VEGF-A | PIGF-1 MCP-1 sCD40L [ PAPP-A
. r=0.0673, | r=-0.209, r=0.119, r=0.491, r=0.143, r=-0.429, | r=-0.557,
MiRNA-101 p=073 | p=044 | p=078 | p=022" | p=074 | p=034 | p=0.05
. r =-0.534, r=0.1, r=0.5, r=0.9451, r=0.5, r=-04,
MiRNA-142 p=005 | p=087 | p=067 | p=021 | p=067 B/ p=06
. r=0.133, r =-0.585, r=0.429, r=0.847, r=0.679, r=-0.143, | r=-0.321,
MiRNA-27 p=051 | p=002 | p=034 | p=002 | p=009 | p=079 | p=034
. r=0.0433, | r=-0041, | r=0.0303, | r=0377, =-0.03, =-0.405, | r=-0.303,
MiRNA-339 p=083 | p=088 | p=093 | p=028 | p=093 | p=032 | p=029
. r=0.0148, | r=-0.542, r=0.286, r=0.539, r=-0.381, | r=0.2746, | r=-0.099,
MiRNA-424 p=094 | p=002 | p=049 | p=017 | p=035 | p=055 | p=0.76
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miRNA-424 and the concentration of ST2 in heart recipients
at long-term after transplantation (log, (27"))

Expression levels of miRNA-27 and miRNA-424 in
cardiac recipients 1 year or more after transplantation
had an inverse correlation with the ST2 concentration
(Fig. 6).

It has been shown that miRNA-424 plays an impor-
tant role in the pathogenesis of pulmonary hypertension
and subsequent right ventricular hypertrophy through
inhibition of the function of the SMUREF specific regu-
latory factor [19].

The expression level of miRNA-101 was inversely
correlated with the concentration of PAPP-A, and the
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expression level of miRNA-27 was directly correlated
with the concentration of PLGF-1 (r =-0.557, p = 0.05
and r = 0.847, p = 0.02, respectively). Changes in the
expression profile of miRNA-101 and miRNA-27 are
associated with the participation of these molecules in
the regulation of myocardial fibrosis through interaction
with the transcription factor RUNXI1 and transforming
growth factor B receptor 1 (TGFBR1) [20, 21].

No correlations were found between the expressi-
on level of miRNA-101, miRNA-142, miRNA-27,
miRNA-339, and miRNA-424 and the concentration of
VEGF-A, MCP-1, and sCD40L in heart recipients 1 year
or more after transplantation.

In heart recipients a year or more after transplantati-
on, there is a correlation between the level of expressi-
on of miRNA-142 and the concentration of galectin-3,
the level of expression of miRNA-27, miRNA-424 and
the concentration of ST2, the level of expression of
miRNA-27 and the concentration of PLGF-1, the level
of miRNA-101 expression and PAPP-A concentration.
The relationship between the level of miRNA expression
and the concentration of biomarkers potentially signifi-
cant for the diagnosis of post-transplant complications
in cardiac recipients not only confirms the available data
on the involvement of these signaling molecules in the
regulation of various pathological processes, including
the graft, but also suggests their diagnostic potential for
risk assessment. development of rejection and the possi-
bility of minimizing immunosuppressive therapy. In this
regard, the combined use of miRNAs with biomarkers
of post-transplant complications for the formation of
complex tests (multimarker panels) that make it possible
to diagnose changes at various translational levels may
become especially promising. Further comprehensive
studies of pre- and post-translational markers can open
up new perspectives both in diagnosis, assessment of the
risks of post-transplant complications, and in understan-
ding the processes leading to their development.

The study was funded by the grant of the President
of the Russian Federation NSh-2598.2020.7 for state
support of the leading scientific schools of the Russian
Federation.
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The objective of this work is to conduct research on a mathematical model to assess hemolytic characteristics in a
channel centrifugal blood pump developed by us with 2000-3400 rpm impeller speed range and 100250 mmHg
pressure drop in different parts of the pump flow path. Hemolysis index was measured at 1 to 10 L/min flow rate.
The result was an estimate of the average magnitude of the shear stress (SS), taking into account the distribution
in the pump, which ranged from 40 to 60 Pa. The most critical areas of the pump in terms of blood injury were
evaluated. The maximum SSs were determined: 456 Pa in the impeller wheel zone and 533.3 Pa in the adjacent
area of the body, with an exposure time of 0.0115 s and 0.0821 s respectively. In these zones, maximum hemo-
lysis index values were 0.0420 and 0.0744 respectively. Based on the data obtained, these zones were optimized

in terms of minimizing hemolysis.

Keywords: 3D modeling, mechanical circulatory support, channel centrifugal blood pump, shear stress,

exposure time, hemolysis index.

INTRODUCTION

In the development of modern pumps for auxiliary
circulation, one of the main stages is a preliminary the-
oretical assessment of the influence of the pump on the
hemocompatibility parameters in terms of minimizing
conditions leading to blood injury [1, 2]. To solve this
problem, modern software systems are used, which in
the process of designing pumps will allow determining
the directions for optimizing the design of pumps. In
this work, a theoretical analysis of the channel centri-
fugal pump (CCP) developed by us is carried out from
the point of view of minimizing blood trauma when
using the pump when bypassing the left ventricle of the
heart (LV) and extracorporeal membrane oxygenation
(ECMO) with the results of calculations of the shear
stress (SS) and exposure time (ET), which are the main
parameters determining blood trauma. Based on the data

Fig. 1. Calculation model of the channel centrifugal pump

obtained, the calculated hemolysis indices (HI) for the
main working zones of the pump were estimated.

MATERIALS AND METHODS

The studies were carried out on the CCP model de-
veloped by us with a detailed calculation of the pump
components — inlet path, impeller (I), spiral casing (SC)
and outlet channel, as well as transition zones described
in more details in [3]. The general view of the pump is
shown in Fig. 1.

The geometrical parameters of the I flow path repre-
sent an updated model of a closed-type blade structure.
The inner diameter of the entrance cannula is 10 mm. The
46 mm outer diameter | disc has four tubular channels
with a constant cross section of 5 mm in diameter. Each
channel is formed along a logarithmic spiral and has a
circular cross-section, providing conditions for a laminar
flow. The main elements of the pump are shown in Fig. 2.
I rotation is performed by means of a magnetic coupling,
which is a mechanism for contactless transmission of
rotational energy from the pump drive to I. The outlet is
terminated with a 10 mm fitting (8). The gaps between I
and the inner surface were 500 um. In this work, SS was
evaluated for seven main pump zones, critical from the
point of view of blood injury and shown in Fig. 2: upper
zone UZ (1726.9 mm?), spiral casing zone SC (1449.2
mm®), lateral zone LZ (1135.0 mm?), channel zone CZ
(3152.3 mm?), lower zone LZ (1688.9 mm?), impeller
zone 1Z (4435.1 mm®) and diffuser zone DZ (473.3 mm?).
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Based on preliminary computer studies, a 3D CCP
model was built with the Solid Works Corporation (Con-
cord, MA) software, which served as the basis for buil-
ding the CCP structure. The resources of the Fluent v16.0
software package (ANSYS inc., Canonsburg, Pennsylva-
nia) were used to simulate the CCP computational grid.
The software package uses the SST turbulent flow model
adapted for calculations near the wall. The working fluid
was assumed to be incompressible and Newtonian with
a viscosity of 4.0 SP, a density of 1.050 kg/m’, which
reflects the picture of an expected hematocrit of 35%.
In this case, the concentration and size of the particles
were selected in accordance with the physiology of the
blood cells. The choice of boundary conditions reflected
the parameters for applying CCP in LV and ECMO pro-
cedures. The rotational speed range of the CCP I is from
2000 to 3400 rpm in 200 increments. Five test points for
analysis were selected to cover the clinically relevant
working area: 1.0 L/min (low flow), 2.5; five; 7.5 /min
(nominal flow) and 10.0 I/min (high flow). The roughness
of the surface was chosen as 10 microns.

Calculation of shear stress and hemolysis
index

Pa cause platelet activation, and uncontrolled hemo-
lysis occurs at values above 150 Pa [4], which we have
taken as a threshold value. The investigated SS t at a
steady speed of fluid movement v changes according to
a linear law depending on the distance from the wall y,
regardless of the nature of the movement [5]:

(M

T=HRy

where p — dynamic viscosity coefficient.

Exposure time (ET) is an important factor. In this
study, t was calculated from the mean travel time of a
particle obtained in a software calculation. ET is calcu-
lated as the time average of 10 particle tracks. In this
case, ET is calculated as the distance between the start
and end points along the area of interest, divided by the
average speed for the segment.

One important aspect of flow-induced blood dama-
ge is hemolysis, defined as the release of hemoglobin
into plasma due to damage to the erythrocyte memb-
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Fig. 2. Pump areas for investigation. 1, upper zone; 2, spi-
ral outlet; 3, lateral zone; 4, channel zone, 5, lower zone,
6, impeller zone; 7, diffuser zone

rane. Pump-induced NNC and Bt are the main factors
causing hemolysis. It is still considered useful for engi-
neering problems a power-law equation for estimating
the amount of increase in released hemoglobin AHb,
expressed in concentration units, relative to the baseline
AHb value [4, 6]:

AHb

I 2)
where 1 — shear stress acting on blood, ¢t — ET in the shear
stress area. Goubergrits and Affeld model, which uses
Euler’s numerical model for hemolysis, is calculated
using the coefficients of the equation A=3.62 x 107, a=
0.785, B = 2.416. The constants are successfully used,
despite the fact that their validity has been questioned
by many researchers for the fact that they overestimate
hemolysis to a large extent [7-9].

CALCULATION RESULTS

The calculations were performed on particles compa-
rable in size to the size of an erythrocyte. ET averaged
0.6 to 0.08 seconds over the entire input range with in-
creasing pump flow. In Fig. 3 shows the change in SS in
the channels, on the impeller and on the inner surface of
the pump. The maximum values of SS for each area are
highlighted, shown in Fig. 4 for each zone, which are an
evaluation criterion for hemolysis. For these purposes,
the regions above the threshold voltages were conside-
red. The critical SS was based on the value of 150 Pa.

The calculations showed a stable increase in the ma-
ximum value of SS with an increase in the rotation speed
from 2000 to 3400 and the transition from the LVC mode
to ECMO. The average SS value did not exceed the cri-
tical threshold. The highest values were obtained in the
1Z and LZ. There is also a tendency for the SS values
to increase with increasing flow rates, which stress the
volute and diffuser. Based on the data obtained and cal-
culations of ¢, the dependences of the average hemolysis
index (HI) were derived (Fig. 5).

HI increases with increasing flow rate and with incre-
asing rotation speed I, however, it is within the permis-
sible norm. Since the estimate of the average HI reflects
only the general trend of changes in the parameters of the
effect of the pump cavity on the blood, the most reliable
sign of hemolysis is a zone of high SS above 150 Pa. In

A x 1P,



RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS

Vol. XXII' N¢ 3-2020

T

100 200

Fig. 3. Change of shear stress in the pump cavity (a), in the channels (b) and on the surface of the impeller (c) with an increase

of the impeller’s speed and a fixed flow rate of 5 I/min

this case, the maximum SS values in each considered
pump zone were analyzed. It should be borne in mind
that the SS values exceeding the critical threshold have
a high scatter of values, from 150 to 500 Pa. In view of
this, an estimate of HI for each value above 150 Pa is
impractical. Therefore, an assumption was made, as a
result of which the calculation of HI was made based
on the maximum values of SS and ¢ observed in a sepa-
rate study area. As a result, it can be assumed that the
calculation of the maximum HI will be somewhat ove-
restimated, but nevertheless it reflects the main values of
hemolysis. In addition to SS, to assess the effects of the
pump on the blood, a numerical assessment of the surface
area causing hemolysis of erythrocytes was carried out
for each zone. In this case, the area is the sum of areas
of high SS over 150 Pa. Fig. 6 shows the average and

maximum values of the hemolysis index in each zone.
These calculations objectively show the importance of
optimizing IZ and LZ. The rest of the areas do not require
significant improvement.

For example, the most critical pump operation mode
in ECMO systems is considered, at an impeller speed
of 3400 rpm. The average and maximum values of HI
in the zones under consideration, the area of impact on
erythrocytes and ¢ for each zone were registered. The
values have been recorded in the Table for a flow rate
of 5 I/min.

DISCUSSION

The results of CFD modeling and mathematical cal-
culation made it possible to analyze the design of the
CCP with the assessment of SS and hemolysis under

Table
Distribution of parameters in the pump areas at the flow rate of 5 L/min and 3400 rpm
Zone Uz LZ LZ CZ WwZ SC DZ

Mean SS, Pa 87.0 170.1 60.1 42.5 140.7 50.2 14.3
Max SS, Pa 189.2 5333 189.2 185.3 359.0 157.1 100.7
Index by max SS 0.0083 0.042 0.0091 0.0037 0.0744 0.0105 0.0022
Zone area, mm? 1726 1135 1688 3152 4435 1449 473
Zone area of high SS >150 Pa, 100 566 302 60 788 103 0

mm? (% of zone) (5.8%) (49.8%) (17.9%) (1.9%) (17.8%) (7.1%) (0%)
ET, s 0.0321 0.0115 0.0411 0.0352 0.0821 0.0832 0.0240
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Fig. 5. Change in the calculated average hemolysis index of
the channel centrifugal pump

conditions of its operation in LVC and ECMO systems
in a wide range of blood flow rates. One of the main
results of the calculation performed is the assessment
of ET in various areas of the pump, which determines
the duration of exposure to blood cells. The zones are
characterized by a decrease in HI with increasing flow,
which can be explained by a decrease in ET. It was shown
that the calculated exposure time of blood for the zones
does not exceed 0.09 s, which, together with SS in the
range of 150-200 Pa, determines a low level of hemo-
lysis for such zones as UZ, LZ, CZ and DZ. The SC
zone has one of the highest ET, but low SS, which also
provides a low LI. In critical regions, such as LZ and I,
the maximum ID values are 0.0420 and 0.0744. This is
due to the high SS — 533.3 Pa on the inner side surface
and 456 Pa on the side surface I, with a corresponding ¢
0f 0.0115 and 0.0821.

At maximum [ speed, the area of influence on the
blood corpuscles with SS above 150 Pa increases. On
the example of the pump operating mode in the ECMO
systems UZ, CZ, SC and LZ practically do not affect
the blood. In LZ, there is a moderate spread of high SS.
A significant predominance of high SS areas is seen in
LZ and I.

It is also worth noting an increase in voltage in the
spiral bend, especially in the area of transition to the
diffuser at low and high liquid flows. This can be explai-
ned by the high pressure in this area and the high speed.
High-velocity zones are associated with an increase in
hydraulic resistance during the development of turbulent
flow and an increase in fluid viscosity. This fact causes
a sharp increase in the shear stress in the region of the
transition of the helix to the diffuser for each I rotation
speed.

The results obtained provide grounds for optimization
of SC, LZ and WWZ, critical in terms of the impact on
the blood of the pump zones. The most important decis-
ion seems to be to expand the SC area by increasing its
throughput. Since the channels of constant cross-section
provide optimal SS parameters, expanding the channel
diameter by 5-7 percent will maintain flow at lower
RPM 1. This will reduce the radial flow velocity when
leaving the channel, which in accordance with equation
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(1) will provide a decrease in SS. Increasing the lateral
clearances between I and LZ will also decrease SS.

CONCLUSION

Computer-aided analysis of CFD in CAD systems
is becoming the main tool for researching a variety of
medical device designs for IPC. However, this tool has
its limitations. The calculated SS ranges in the pumps are
necessary to preliminary assess the hemocompatibility
of the pumps in terms of the likelihood of blood injury
and will serve as a basis for pump optimization.

The authors declare no conflict of interest.
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CADAVERIC KIDNEY ALLOGRAFT TRANSPLANTATION USING
THE DA VINCI ROBOTIC SURGICAL SYSTEM.

INITIAL EXPERIENCE IN THE RUSSIAN FEDERATION

V.L. Medvedev, V.A. Porkhanov, K.E. Chernov, S.N. Volkov, G.A. Palaguta, O.V. Arepyeva,

E. V. Gerdel

Ochapovsky Regional Clinical Hospital No. 1, Krasnodar, Russian Federation

Kidney transplantation is the treatment of choice for patients with end-stage renal disease. In order to reduce the
number of postoperative complications following open surgeries, a number of clinics in the USA and Europe are
currently developing robot-assisted surgical techniques. Studies have shown that robotic surgery facilitates kid-
ney transplantation under optimal ergonomic position for the surgeon, with functional results and patient safety
comparable to those obtained under an open approach. We herein present our initial experience (in the Russian
Federation) on heterotopic cadaveric kidney transplantation by laparoscopic surgery using the Da Vinci robotic

surgical system.

Keywords: kidney transplantation, Da Vinci robotic surgical system.

INRODUCTION

Minimally invasive surgery can reduce postoperative
pain syndrome and the number of early postoperative
complications in comparison with traditional open sur-
gery, which, in turn, contributes to earlier activation of
patients [ 1-5]. The role of minimally invasive surgery is
especially important in a number of patients who have
undergone kidney transplantation, since they often have
severe concomitant pathology, accompanied by immuno-
deficiency after surgery. Such patients have a very high
risk of postoperative complications, which undoubtedly
affects not only the duration of rehabilitation, but also
endangers both the viability of the graft and the life of
the patient himself [6-9].

The technique of minimally invasive operations in
kidney transplantation has been described quite recently
[10-12]. In 2010 Modi et al. developed a laparoscopic
method of kidney transplantation [10]. Giulianotti et al.
first performed and described the technique of robotic
transplantation [11]. Nevertheless, the authors noted a
slower recovery of graft function compared to open sur-
gery [13, 14]. Initially, a surgical technique was used
without cooling the renal graft. To reduce the time of
thermal ischemia, a number of authors modernized the
technique [15] and began to use all kinds of devices for
intraoperative, intraperitoneal graft cooling, which we
also used in the operation. In total, clinics in the USA
and Europe have accumulated experience of up to 500
such operations. In the domestic literature, it was not
possible to find publications on the conduct of this type
of surgical intervention. In our clinic, kidney transplants
have been performed since 2009, as of 01.01.2020 467

kidney operations have been performed. Since December
2014 at the Ochapovsky Regional Clinical Hospital No.
1 (Krasnodar, Russian Federation), it became possible to
perform operations using the Da Vinci Si robotic system.
From that moment to January 2020, more than 900 ro-
botic-assisted surgical interventions of various complexi-
ty categories were performed: radical prostatectomy with
extended pelvic lymphadenectomy, kidney resection in
case of tumor lesion, with a high RENAL index, radical
cystectomy with orthotopic and heterotopic intestinal
urine diversion in men and women, plastic surgery of
the pelvic-ureteric segment, ureterocystoanastomosis,
adenomectomy and other surgical interventions. Thanks
to the extensive experience of Professor V.L. Medvedev
and his team, performing both open and laparoscopic and
robotic operations, as well as performing kidney trans-
plantation, it became possible to successfully perform
this operation.

MATERIALS AND METHODS

Clinical case 1

The recipient, a woman, 55, body mass index (BMI)
36.9 (Fig. 1). In 2000, the patient was diagnosed with au-
tosomal dominant polycystic kidney disease. Since 2004,
renal failure has occurred, and therefore conservative
treatment was wykformed. In February 2008, terminal
renal dysfunction was diagnosed, which required renal
replacement therapy by hemodialysis 3 times a week for
5 h. Due to the large size of the kidneys, to prepare for
transplantation in 2013, nephrectomies were performed
sequentially on the right and left with the lumbotomic
approaches. The patient is on the WL for transplantation.

Corresponding author: Kirill Chernov. Adress: 167, Pervaya Maya str., Krasnodar, 350086, Russian Federation.
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CLINICAL CASES

Fig. 1. The appearance of patient Ne 1 before surgery

The recipient was called from the waiting list for a kidney
transplant, according to the tiping protocol (03.19.16).
Blood group A (II). No hemotransfusions. Laboratory
data upon admission to the hospital: urea 11.65 mmol/I,
creatinine 487 mmol/l. The donor, a man, 50, and the
recipient are identical by AB0 and HLA system antigens
(I and II classes).

Clinical case 2

The recipient, a man, 28, BMI 37.8 with alimentary
obesity (Fig. 2). Since 2012, the patient has noted an
increase in blood pressure (BP) up to 200/120 mm Hg.

Fig. 2. The appearance of patient Ne 2 before surgery

Since July 2017, he has been feeling a worsening of
his condition in the form of uncontrolled hypertension,

severe general weakness and shortness of breath. On
August 10, 2017, the patient was admitted to the central
district hospital for hypertensive crisis. The examination
revealed azotemia (urea — 26.8 mmol/l, creatinine — 800
umol/l). The clinical diagnosis of chronic glomerulo-
nephritis, hypertensive variant. The patient began to
receive renal replacement therapy using programmed
hemodialysis. From 23.01.2018 he was included in the
WL for kidney transplant, on 11.10.18 was called from
the waiting list according to the tiping protocol. Blood
group (0) 1. No hemotransfusions. Laboratory indica-
tors upon admission to the hospital: urea 14.16 mmol/l,

creatinine 612.9 mmol/l. The donor, a woman, 27, and
the recipient are identical by AB0 system and HLA system

antigens (I and II classes).

TECHNIQUE AND STAGES OF OPERATION

Patient position and port location

Patients on the operating table were in the position,
as in a standard developed intervention on the pelvic
organs, lying on the back with legs apart [16, 17]. In the
first patient, a vertical skin incision up to 4 cm long was
made 4-5 cm above the navel along the midline, and an
open entrance to the abdominal cavity was made under
visual control (considering the previously performed
ventral hernia repair). In the second patient, the main
telescopic trocar was installed in a closed way. Other
ports, including three 8mm robotic ports and one 12mm
assistant port were installed as shown in Fig. 3 [16, 18].

Fig. 3. The position of the ports (trocars)
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Fig. 4. The location of the patient, the operating team and the
robot system in the operating room

Then the operating table was moved to the Trende-
lenburg position, and the Da Vinci Si robotic system
(Intuitive Surgical, Sunnyvale, CA, USA) was located
at the foot end of the table and the manipulators were
fixed (Fig. 4).

Preparation of vessels

In both cases, the initial stages of the operation were
the same. Laparoscopy and revision of the abdominal
cavity with 30 ° camera lens was performed. No pa-
thological changes were found in the abdominal cavity.
The right external iliac vessels were identified; the pa-
rietal peritoneum was dissected above their projection.
The right common, external, internal arteries and veins
were identified, after which the vessels were taken to the
turnstiles (Fig. 5, 6).

Renal graft preparation

Simultaneously with the preparation of the recipient
and the beginning of the robotic stage, a cadaveric kidney
was collected in the adjacent operating room and the
renal graft was dissected. In each case, the cadaveric
kidney was isolated from the perirenal tissue, the renal
vessels were dissected (1 artery and 1 vein in both ca-
ses), and the ureter with the mesentery was mobilized.
The kidney transplant was wrapped in several rounds
of gauze napkin, pre-soaked with ice crumbs and saline
sodium chloride solution, and placed in a sterile poly-
ethylene container with ice, into which a 12 cm long,
16Ch diameter vinyl chloride tube was inserted. The
latter was connected to an ice-cold saline infusion system
to maintain further intraperitoneal cooling. The renal
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Fig. 7. Renal transplant preparation

vessels of the graft were taken out through the opening
in the container (Fig. 7).

In the first case, the patient’s uterus was taken on hol-
ders with separate sutures and laid forward and upward to
the anterior abdominal wall. In the rectouterine pouch, in
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Fig. 8. The stage of transvaginal input of renal transplant

the projection of the posterior fornix of the vagina up to
5 cm wide, a transverse incision of the peritoneum was
made, and the wall of the vagina was dissected to the full
depth, and a polyethylene sleeve was passed through the
vagina, along which a graft in a container was inserted
into the abdominal cavity and placed in the right iliac
region (Figs. 8—11).

The vaginal vault was sutured continuously with a
resorbable suture. The peritoneum is sutured.

In the second case, a mini laparotomy was performed
with Pfannenstiel approach. A renal graft in a container
is immersed in the pelvic cavity through a polyethylene
sleeve. The laparotomic wound was sutured tightly in
layers.

Through a separate puncture in the right iliac area, a
system was inserted into the abdominal cavity for sup-
plying and irrigating the graft with physiological sodium
chloride solution +2 ° C in order to minimize the time
of renal warm ischemia (Fig. 12).

>
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commontiliaciartery  S—p

Fig. 11. The position of the renal artery transplant relative
to the iliac vessels of the recipient before performing anas-
tomosis
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Fig. 9. The position of the transplant container in the abdo-
minal cavity

Fig. 10. The position of the renal vein of the graft relative to
the iliac vessels of the recipient before performing the ana-
stomosis

Fig. 12. Connecting the transplant irrigation system with ice-
cold saline
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Fig. 13. The application of the vascular clamp type “bulldog”
on the right common iliac artery

Venous anastomosis

The vascular stage of the operation began with a ve-
nous anastomosis. Bulldog-type vascular clamps were
applied to the proximal and distal ends of the previously
isolated iliac vessels (arteries and veins) in order to stop
the blood flow (Fig. 13, 14).

Initially, the wall of the external iliac vein was opened
and resected in size slightly wider than the diameter of
the graft vein (about 12 mm). The lumen of the iliac
vein was flushed with a heparin solution (5000 units of
heparin per 100.0 physiological sodium chloride soluti-
on) through a 6Ch catheter. An end-to-side anastomosis
was made with a continuous suture using Gore-Tex 5/0
suture material (WL Gore & Associates Inc, Flagstaft,
AZ,USA) (Fig. 15, 16), while a needle holder was used
in the “right hand” of the robotic system , and in the left
hand is a bipolar forcept “Maryland forceps” Da Vinci
(Intuitive Surgical, Sunnyvale, CA, USA). Before com-
pleting the venous anastomosis, the lumen of the vein
is flushed again with heparinized saline sodium chloride
solution in an amount of 20 ml.

Arterial anastomosis

A circular arteriotomy with a diameter of up to 10
mm was performed in the wall of the right common iliac
artery using robotic scissors. The lumen of the artery is
also flushed with heparinized sodium chloride solution
20 ml. An end-to-side anastomosis was made with a renal
graft artery, which was about 6 mm in diameter, with a
continuous suture using Gore-Tex 5/0 suture material
(Fig. 17, 18). Similarly, before completing the arterial
anastomosis, the lumen of the vessels is flushed again
with heparinized sodium chloride solution 20 ml.

A layer of BioGlue® for additional suture sealing
(CryoLife USA) was applied to the area of vascular ana-
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Fig. 14. The application of the vascular clamp type “bulldog’
on the right external iliac vein

Fig. 15. Dissection of the lumen of the right external iliac
vein

Fig. 16. Performing a vascular anastomosis between the renal
vein and the right external iliac vein
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Fig. 17. Performing a vascular anastomosis between the renal
artery and the right common iliac artery (beginning)

stomoses. According to the standard protocol for kidney
transplantation, methylprednisolone 1000 mg is injected
intravenously into the recipient before starting the blood
flow in the graft. Vascular clamps were removed one by
one, starting from the distal venous, then cranial, then
arterial. After the resumption of blood flow and control
of the tightness of the anastomoses, the vascular clamps
were removed from the abdominal cavity (Figs. 19, 20).

It should be noted that during the resumption of blood
flow into the renal graft, it is necessary to be ready for
immediate hemostasis. For this purpose, a gauze napkin
was placed in the area of vascular anastomoses for 2—3
minutes. In case of ongoing bleeding, diastasis and / or
perforation in the vessels are sutured with separate Z-
shaped sutures using Prolene 5/0 suture (Ethicon, USA).
The pulsation of the artery and blood filling of the graft
were visually assessed. At this stage of the operation, it is
extremely important to medically increase the recipient’s
blood pressure to high numbers — 130-140 mm Hg. From
the distal end of the graft ureter, approximately 3—5 mi-
nutes after the start of the blood flow, light urine was
dripped. After control of patency, tightness of vascular
anastomoses, hemostasis, the graft irrigation system with
ice solution was disconnected. The container and gauze
pad, which was wrapped around the kidney graft, were
cut with scissors and removed from the abdominal cavity
through the assistant’s 12 mm port.

Ureterocystoanastomosis

Into the bladder of recipients through a pre-installed
urethral catheter under sterile conditions, 200 ml of
physiological sodium chloride solution was introduced.
In the area of the bottom of the bladder, a longitudinal
section of its wall up to 2.5 cm long was made using
monopolar electric shears of a robotic system. The distal
end of the graft ureter was spatulated for 2 cm. Uretero-
cystoanastomosis was placed with a continuous suture
with Biosyn 4-0 thread (Covidien, USA). After suturing
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Fig. 18. Performing a vascular anastomosis between the renal
artery and the right common iliac artery (completion)

Fig. 20. Restoring blood flow to the graft

the lateral lip of the anastomosis, a Ch 7/22 double J stent
(RuschGmbh, Germany) was inserted into the abdominal
cavity through the 12-mm assistant port. The stent was
installed at one end into the pelvis of the graft, with the
other into the bladder cavity, after which the medial lip
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Fig. 22. Performing ureterocystoanastomosis (completion)

of the ureterocystoanastomosis was sutured. Analogous
to open surgery, an important point in this stage of the
operation is the creation of an antireflux mechanism of
the ureter. In our clinical cases, we did this by suturing
the detrusor fibers over the distal end of the ureter with
the Leach — Gregoire technique [19, 20] (Figs. 21, 22).

Final stage, retroperitonization and drainage

The renal graft was immersed in a pocket that had
previously been formed in the right iliac fossa between
the retroperitoneal fascia and the peritoneum. The inte-
grity of the peritoneal leaf over the graft was restored
with a continuous suture with V-Loc™ 3-0 suture (Co-
vidien, USA). Final hemostasis was performed. Through
a robotic port in the right iliac region, a safety tubular
silicone drainage with a diameter of 20Ch was installed
into the newly formed retroperitoneal space on the right
to the renal graft. The manipulators are disabled, the
robotic stage of the operation is completed. Trocar holes
were sutured under visual control using a furrier needle.
Intradermal sutures to the skin. Aseptic stickers.

The operation time in the first case was 405 minutes,
in the second observation, taking into account the accu-
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mulated experience of the first operation, the operation
time was 190 minutes. The main stages of the operation
in time intervals are presented in the Table. A longer
time of some stages of the operation, in comparison with
open ones, is associated with the development of the
technique. The volume of blood loss did not exceed 80
ml in the first observation and 50 ml in the second.

Immunosuppressive therapy was carried out intra-
operatively according to the standard scheme: induction
with basiliximab 20 mg intravenously before the start
of the incision 10 min. Before starting the blood flow
in the graft, administration of methylprednisolone 1000
mg. From the first day after the operation, the scheme of
immunosuppressive therapy was as follows: in the first
observation — cyclosporine 300 mg/day, methylpredniso-
lone 14 mg/day, mycophenolate mofetil 360 mg 2 r/day;
in the second observation — methylprednisolone 4 mg 4
r/day, from the 3rd day after the operation, tacrolimus
5.5 mg 2 times a day, and from the 10th day — 5.5 + 4.5
mg per day.

Postoperative period

After the end of the operation, the recipients were
taken to the boxed ward of the intensive care unit, where
they were kept for 7 days. The next day after the trans-
plantation, the patients became more active and began
to walk within the ward. Anesthesia with narcotic an-
algesics was not required. The graft function is urgent.
In the first observation, the diuresis on the first day was
4000 ml, in the second — 2200 ml. As can be seen from
the presented graph (Fig. 23, 24), from the 3rd day after
the operation, the first patient established a certain sta-
ble volume of diuresis, which was about 3000 ml/day.
In the second patient, on the 10th and 12th days of the
postoperative period, polyuria was noted up to 7500 and
5700 ml per day, respectively.

In both patients, there were no clinical manifestations
of postoperative intestinal paresis, which made it possi-
ble to prescribe food for the next day after the operation
and to fully feed the patients from the second day after
the surgery. The insurance drains were removed on the
2nd day after the operation. There were no infectious,
wound complications during the entire observation peri-
od. Controlled blood concentration of immunosuppres-
sive drugs at 2 times a week was adequate. According
to the ultrasound of the graft, which was periodically
performed in patients, there were no abnormalities in
the echostructure of the grafts and signs of impaired
urodynamics. Blood flow data from day 10 after surgical
treatment stabilized and averaged the following indica-
tors: total Vmax 58 cm/s, RI 0.7; segmental Vmax 40
cm/s, RI 0.6, arc Vmax 22 cm/s, RI 0.6 (Figs. 25-28).

According to laboratory blood tests for a 30-day
follow-up period, the level of blood leukocytes did not
exceed 9.0 x 10%/1, erythrocytes and hemoglobin did
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Table
Stages of operation in time intervals
Operation stages Time, min
Case 1 Case 2
(19.03.2016) (11.10.2018)
Installing ports 15 12
Opening the peritoneum, isolating the iliac vessels 25 20
Graft preparation 35 25
Opening of the posterior vaginal fornix, transvaginal graft insertion 20 —
Pfannenstiel laparotomy, transplant placement, wound closure - 35
Beno3HbIi aHacTOMO3 25 20
Arterial anastomosis 25 15
Starting blood flow, hemostasis 20 10
Ureterocystoanastomosis with stent placement 40 25
Drainage installation, peritonization 35 30
Removing, suturing ports 15 15
Warm ischemia time 10 10
Cold ischemia time 120 90
Console running time 315 155
Total operation duration 405 190
Anesthesia duration 435 220
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Fig. 23. Dynamics of diuresis and fluid intake with infusion therapy (ml) in the postoperative period in observation No. 1
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Fig. 24. Dynamics of diuresis and fluid intake with infusion therapy (ml) in the postoperative period in observation No. 2
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not decrease below 3.0 x 10'%/1 and 94 g/1, respectively.
In the biochemical blood test, as shown in the graph
(Fig. 29, 30), the urea and creatinine values in the first
patient decreased steadily and remained relatively stable
from 5-6 days after kidney transplantation (on average
4.64 mmol/L — for urea and 115 umol/l — for creatinine).

The urethral catheter was removed on the 7th and
10th days (in the 1st and 2nd observation, respectively),
and the ureteral stent — on the 21st day after surgery.
On the 30th day, the patients were discharged from the
hospital in a satisfactory condition.

100 -
90
80
70
60 -
50
40
30
20 A
10 A

Patients are regularly (once every 3 months) exami-
ned by a nephrologist. Throughout the entire period of
observation and to this day, the state of health of the pa-
tients is satisfactory, they have the opportunity to travel
freely. Renal transplants are functioning satisfactorily.
There are no data for renal failure in terms of blood urea
and creatinine (Fig. 31).

At the moment, the woman is receiving immuno-
suppressive therapy in the amount of: mycophenolic
acid — 360 mg 2 times a day, cyclosporine — 50 mg in the
morning and 75 mg in the evening, methylprednisolo-

—— General
—&— Segment

Arc

day 2 day 10 day 15

day 22 day 30

Fig. 25. Transplant blood flow data in the 1st observation Vmax (cm/s)
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—— General
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—

day 1 day 3
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Fig. 26. Transplant blood flow data in the 2nd observation Vmax (cm/s)

Fig. 27. Ultrasound image of a renal transplant of clinical
case Ne 1

Fig. 28. Ultrasound image of a renal transplant of clinical
case Ne 2
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ne —4 mg once a day. The second patient was prescribed CONCLUSION

the following therapy: mycophenolic acid — 360 mg 2 The advantages of kidney transplantation using the
times a day, tacrolimus — 1.5 mg in the morning and 2.0 Da Vinci robotic system in comparison with open sur-
mg in the evening, and methylprednisolone — 4 mg in  gery include a significant reduction in surgical trauma
the morning. and, as a result, minimal postoperative pain syndrome
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Fig. 29. Indicators of blood creatinine in the postoperative period (umol/l)
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Fig. 30. The indicators of blood urea in the postoperative period (mmol/l)
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Fig. 31. Indicators of creatinine in the blood of patients during dynamic observation (pumol/I)
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that does not require the use of narcotic analgesics, the
convenience of visualization for the surgeon when ma-
nipulating in the pelvic cavity, the possibility of precise
imposition anastomoses.

Besides, this type of surgery allows minimizing the
risk of wound infectious complications, activating pati-
ents the next day after surgery, which is especially im-
portant for patients with diabetes and obesity due to the
risk of thrombotic complications and hypoventilation
changes in the lungs.

Among the disadvantages of the technique, it is ne-
cessary to note the long duration of the operation at the
stage of development, the rather high cost of tools and
equipment.

However, if the surgeon has sufficient experience in
working with the Da Vinci robotic system, the equipment
of the hospital, highly qualified specialists and the well-
coordinated work of the team, the operation is technically
feasible.

Compliance with all the rules of conservative treat-
ment by experienced personnel, constant laboratory and
instrumental control allow achieving satisfactory func-
tional results in the treatment of patients who under-
went kidney transplantation using minimally invasive
technology.

To obtain statistically reliable results, it is necessary
to perform a greater number of such operations, which
will improve the surgical technique, reduce the time of
surgical intervention and shorten the time of recipient
stay in the hospital, thereby improving the quality of life
of this category of patients and reducing material costs
for rehabilitation.

The authors declare no conflict of interest.
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INITIAL EXPERIENCE IN DIRECT GRAFT PERFUSION ASSESSMENT
FOLLOWING ORTHOTOPIC LIVER TRANSPLANT

A.V. Moiseenko, A.A. Polikarpov, P.G. Tarazov, D.A. Granov
Granov Russian Scientific Center of Radiology and Surgical Technology, St. Petersburg, Russian Federation

Objective: classical methods of determining arterial blood supply of the graft following orthotopic liver trans-
plantation (OLT) reflect the presence of blood flow in the trunk and large branches of the 4. hepatica, without
the characteristic of completeness of blood filling of peripheral sections, which is very important for objective
evaluation of function. The aim of this study is to establish the diagnostic value of a direct perfusion study (IFlow)
of the graft. Materials and methods. From 1998 to 2019, 245 OLTs were conducted. From 2015 to 2019, arterial
changes were detected in 24 (23%) patients after 104 OLTs. A perfusion study was performed in 9 patients with
suspected arterial graft failure. According to the IFlow study, liver hypoperfusion due to stenosis and/or splenic
steal syndrome was detected in 8 cases and became an indication for therapeutic intervention. Results. Hepatic
stenting and/or splenic artery embolization was performed to improve arterial blood supply to the liver. Endovas-
cular procedures performed restored the perfusion index from 0.24 (0.01-0.89) to 0.61 (0.35-0.98). Conclusion.
Absence of ultrasound and multispiral computed tomography signs of arterial complications does not rule out
the need for perfusion angiography. Perfusion angiography allows to objectify the angiography data and perform

corrective intervention in good time.

Keywords: orthotopic liver transplantation, blood flow, stenting, splenic artery embolization, graft

perfusion angiography.

INTRODUCTION

The main indication for orthotopic liver transplantati-
on (OLT) is terminal cirrhosis of various etiologies. The
formation of cirrhosis leads to hemodynamic changes
in the pancreatobiliary zone: depletion of the arterial
flow to the liver and its simultaneous increase in the
left gastric, gastroduodenal and splenic arteries. This
creates unfavorable conditions for the blood supply to
the donor organ [1].

During OLT, ligation of aberrant hepatic arteries is
performed, leaving the common hepatic artery as the
only source of blood supply to the organ parenchyma
and bile ducts. Classical methods for determining the
arterial blood supply of the graft after OLT (ultrasound,
ultrasound, computed tomography, CT and angiography)
display the presence of blood flow in the trunk and large
branches of 4. hepatica, without characterizing the com-
pleteness of blood filling in its peripheral parts, which
seems to be quite important for an objective assessment
of the graft function [2].

The purpose of the present study is to establish the
diagnostic value of direct perfusion investigation of the
graft by the [Flow program of the angiographic complex
in patients with clinical, laboratory and radiological sus-
picion of liver hypoperfusion.

MATERIALS AND METHODS

In the Granov Russian Scientific Center of Radiology
and Surgical Technology (St. Petersburg, Russian Fede-
ration) from 1998 to 2019, 245 OLTs were conducted. In
1998-2014, classical subtraction diagnostic angiography
was performed only when vascular complications were
detected using non-invasive (CT and / or ultrasound)
methods (Fig. 1).

Fig. 1:

— a—c: MSCT of the abdominal organs with intravenous
contrast, arterial phase: the diameters of the splenic
(white arrow) and common hepatic arteries (black
arrow) are comparable, = 3 mm (a); the right hepatic
artery (arrow) is patent (b); segmental liver arteries
(arrow) are defined (c);

— d: celiacography 2 days after MSCT; depleted intra-
hepatic arterial architectonics: no segmental vascular
pattern as a sign of insufficient inflow (thick white
arrows); the diameter of the dilated splenic artery
(black arrow) is twice the common hepatic artery
(white arrow): steal syndrome;

— e: control celiacography after embolization of the
splenic artery trunk (under the same conditions for
the introduction of a contrast agent); restored intrahe-
patic arterial architectonics, the vascular pattern can
be traced to the subsegmental level (white arrows);
stenosis of the common hepatic artery, the hemodyna-
mic significance of which cannot be assessed without
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iFlow (black arrow); after 2 weeks. after endovascu-

lar intervention, biochemical parameters returned to

normal, observed 4 years after OLT without biliary
complications.

Since 2015, all patients with suspected liver hypo-
perfusion according to clinical and laboratory data have
underwent angiography. In 2015-2019, arterial changes
after 104 OLT were detected in 24 (23%) patients.

Classical diagnostic angiography was performed on a
modern angiographic complex Siemens Artis Zee Bipla-
ne (Germany) with the [Flow function. Femoral artery
puncture was performed under local anesthesia with 1%
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Fig. 1. Radiographs of patient M. After 6 mon from OLT an
increase of total bilirubin, ALT, AST was noted

lidocaine solution using a 5F (1F = 0.33 mm) introducer
sheath. Next, a Hook 5F catheter (Cook/Cordis, USA)
was sequentially placed in the superior mesenteric artery
and celiac trunk, subtraction angiography was perfor-
med using a syringe injector and 35 ml of contrast agent
(Omnipak-350 or Ultravist-370) was injected at a rate
of 4 ml/s.

The perfusion study was performed in 9 patients
(Table). The difference in contrast agent concentration
in the reference area (Ref AUC) and control areas (ROI
AUC) was determined, where Ref AUC (referral area un-
der curve) is the area of reference value under the curve,
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Table
Analysis of perfusion values after OLT
Nos., age Timing of angiography Interventions Initial perfusion Final perfusion Ischemic biliary
(years) after OLT in Sy;, Svi, Sy in Sy;, Sy, Sy complications

0.08 0.40

1. K., 49 47 months AL 0.10 0.65 -
0.22 0.40
0.89 0.89

2.5.,26 19 days oA 0.81 0.81 -
0.89 0.89
0.20 0.55

3.K.,29 2 months AL o 0.25 0.50 "
010 0.53
St 0.15 0.60

4. Ch., 36 2 months St 0.20 0.28 +
0.10 0.33
St 0.01 0.45

5.K., 50 1 days St 0.02 0.40 +
0.01 0.35
0.50 0.70

6.5.,47 1 months oA 0.55 0.75 -
P 0.30 0.65
0.02 0.45

7.K., 38 3 months NI 0.30 0.55 T
0.25 0.35
0.12 0.80

8.Ch., 53 4 days N 0.11 0.81 -
0.35 0.83
0.08 0.81

9.G., 49 9 days AL 0.05 0.89 -
0.16 0.98

Note. OLT — orthotopic liver transplantation, DA — diagnostic angiography, SAE — splenic artery embolization, St — stenting,

BAp — balloon angioplasty.

and ROI AUC (region of interest area under curve) — the
area of the control area under the curve. The reference
area is the vessel (usually the celiac trunk) with maxi-
mum contrast medium filling during angiography. The
control areas are the areas of the liver segments of inte-
rest (the most peripheral: SVI, SVIII, SII). The obtained
angiograms were evaluated in the IFlow program. For
this purpose, celiacography was selected at the worksta-
tion for 6-8 s of the series, when the vascular pattern of
the liver was traced as far as possible along the segments.
In the image tab, we switched to the IFlow mode, in the
appeared dialog box, the duration video was set at the
second when the subtraction celiacography was stopped.
Then we went to the total contrast ROI selection dialog
box with the subsequent selection of the circle value of
the control area (circle ROI). The reference area was
installed in the celiac trunk, giving it a value equal to the
cross-sectional area of the vessel. Three control areas for
measuring blood flow were set in the projection of the
donor organ with the same values of their area, within
150-400 mm?, and were located in the segments farthest
from the reference point (SVI, SVIII, SII). The obtained
tabular and graphical images displayed the completeness
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of filling the parenchyma with a contrast agent and the
rate of reaching the peak concentration of the contrast
agent, which in numerical value objectified the results
obtained (Fig. 2, observation No. 1, Table). Adequate
perfusion index (ROI AUC/REF AUC) was considered
to be >0.65, the reference value was 1.0.

Fig. 2:

a: celiacography, picture of depleted intrahepatic ar-
terial architectonics. The diameter of the enlarged
splenic artery (black arrow) is twice the common
hepatic artery (white arrow): steal syndrome;

b: perfusion study; the reference area, the size of
which is equal to the cross-sectional area of the ce-
liac trunk (value = 1) — circle Ref; areas of interest,
areas of all circles in mm? — white circles 2, 3 and 4
(arrows in the upper table); the graph (at the bottom
of the figure) displays the degree of filling of the
studied areas (circles 2, 3 and 4) with a contrast agent
over time, at 7 s: 5, 10 and 10%, respectively (thick
arrow); the perfusion parameters of the studied areas
are reduced (curved arrows);

c: control celiacography after embolization of the
splenic artery trunk to eliminate steal syndrome: in-
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trahepatic arterial architectonics can be traced in all
segments; stenosis of the left hepatic artery (white
arrow); metal coils in the trunk of the splenic artery
(black arrow).

d: perfusion study of the same patient after embo-
lization, the perfusion index increased by 5, 6 and
2 times, respectively (curved arrows); the filling of
the areas under study with a contrast agent increased
by 7 s to 40, 40 and 70% (thick arrows); despite the
unevenness of the contours of the left hepatic artery,
the perfusion index of the left lobe of the liver is
satisfactory, additional intervention is not required;
the patient is observed 5.5 years after OLT without
biliary complications.
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Fig. 2. Angiograms of patient K. 47 mon after OLT (case 1). The increase of ALT and AST was noted against adequate im-
munosuppressive therapy

RESULTS

There were no complications associated with diag-
nostic angiography. Initial angiograms and liver perfu-
sion were satisfactory in one case (Fig. 3, observation
No. 2, Table). Based on the obtained angiographic and
perfusion data, therapeutic intravascular interventions
were required in 8 patients (Table).

Fig. 3:

— a: cholangiography; X-ray picture of “burnt tree” of
the left lobe of the liver, class C according to C. Buis
(black arrows); complete block at the level of the
biliary anastomosis (white arrow); cholangiostomy
(thick white arrow);

— b: at celiacography, the contours of the hepatic artery
are even, the diameters of the splenic and common
hepatic arteries are comparable, arterial architectonics
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can be traced to the subsegmental level; there were
no angiographic signs of hypoperfusion;

c: perfusion study; a reference area, the size of which
is equal to the cross-sectional area of the celiac trunk
(value = 1) — circle Ref; the areas under study (white
circles 2, 3, 4), the perfusion index of which in SVI,
SVIII, SII = 0.89; 0.81; 0.81 (curved arrows); the
graph (at the bottom of the figure) displays the per-
centage of filling the areas under study with a contrast
agent over time, for 5 s: up to 45% (white arrow);
perfusion indicators are more than 0.65, and the curve
of filling the studied areas with a contrast agent over
time is equated to the reference value; hypoperfusion
was not detected; the biliary stricture is recognized
as anastomotic, balloon plasty of the biliary-biliary
anastomosis is performed.

The mean baseline perfusion value in the presence
of splenic artery steal syndrome and / or hepatic artery
stenosis was 0.24 (0.01-0.89). As a result of the thera-
peutic measures (stenting of the hepatic artery and / or
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Fig. 3. Radiographs of patient C. (case 2). On the 20" day
after transplantation, obstructive jaundice occurred (stricture
of biliary-biliary anastomosis), which required cholangio-
drainage and diagnostic angiography with perfusion exami-
nation to exclude arterial hypoperfusion as a cause of biliary
complication

embolization of the splenic artery trunk), the segmental
perfusion index was restored to 0.61 (0.35-0.98) in all
8 patients. In four patients, the perfusion index did not
exceed 0.6; later, biliary non-anastomotic strictures of
class C and D according to Buis developed [3, 4]. The
perfusion study avoided embolization of the left gastric
artery to enhance the flow to the liver and objectified the
need for hepatic artery stenting despite a satisfactory an-
giographic picture in one patient (Fig. 4, observation 8).
Upon reaching a perfusion value of >0.65, no therapeutic
actions were performed.
Fig. 4:
a: celiacography: steal syndrome of the liver by the
splenic artery (black arrow); kink of the non-anas-
tomotic part of the hepatic artery (white arrow) was
regarded as hemodynamically insignificant; depleted
intrahepatic arterial architectonics;
— b: perfusion study; the reference area, the size of
which is equal to the cross-sectional area of the celiac
trunk (value = 1) — circle Ref; the areas under study
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Fig. 4. Angiograms of patient Ch. (case 8). According to ult-
rasound, there is increased linear bleeding in the anastomotic
zone, a sign of hemodynamic impairment. A dynamic incre-
ase in ALT and AST was detected against the background of
immunosuppressive therapy
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(white circles 2, 3, 4), the perfusion index of which
in SVI, SVIIIL, SI1=0.13; 0.16; 0.37 (curved arrows);
the graph (at the bottom of the figure) displays the
percentage of filling the areas under study with a con-
trast agent over time, for 9 s: up to 30% (thick arrow);
IFlow picture of pronounced hypoperfusion;

c: celiacography after embolization of the splenic
artery trunk: depleted intrahepatic arterial pattern
is preserved, with moderately positive dynamics,
bending of the hepatic artery (white arrow); reduced
blood flow in the trunk of the splenic artery (black
arrow);

d: perfusion index in the studied areas 0.07; 0.07;
0.24, below original values (curved arrows); the fil-
ling of the studied areas with a contrast agent only for
13 s reaches 30-35% (thick arrow); IFlow picture of
pronounced hypoperfusion, negative dynamics des-
pite embolization of the splenic artery; the decision
was made to stent the hepatic artery;

e: perfusion study after hepatic artery stenting (black
arrow); the perfusion index in the studied areas in-
creased by 11, 11 and 4 times and amounted to 0.80;
0.81; 0.83 respectively (curved arrows); the filling
of the study areas with a contrast agent decreased
to 7 s and increased to 40, 40 and 50%, respectively
(thick arrows); endovascular treatment was found to
be effective, ALT and AST indices returned to normal
on the 10th day.

DISCUSSION

We share the opinion of the authors who consider
angiography a priority method for detecting vascular
changes after OLT. Complications associated with dia-
gnostic angiography do not exceed 1%, we did not have
such complications [5, 6].

The present study showed that the presence of ult-
rasound and / or CT signs of intrahepatic arterial blood
supply does not exclude transplant hypoperfusion [7].

The programs available in modern angiographic com-
plexes help not only to suspect, but also to objectively
identify the cause of the hypoperfusion state of the graft,
which, with its timely and adequate elimination, can
reduce the risk of biliary ischemic complications [2].

The obtained data are of great importance in the
choice of tactics for the restoration of adequate graft
perfusion. Embolization of the splenic or left gastric
arteries performed without indications can lead to septic
complications leading to a cascade of pathological me-
chanisms, especially against the background of mandato-
ry immunosuppressive therapy [8]. Unnecessary stenting
of the hepatic artery condemns the patient to lifelong
antiplatelet therapy, and in case of thrombosis leads to
the death of the organ and the patient [5]. According to
D. Seehofer et al. [4], the formation of nonanastomotic
strictures of the bile ducts in the graft is based on arterial
hypoperfusion at all levels. It is associated either with

&9

a defect in the collection of the organ, or with its inade-
quate perfusion after the start of arterial blood flow. Ac-
cording to our data, there is a clear relationship between
low perfusion values (<0.65) and ALT and AST indices
with the subsequent development of biliary strictures.

CONCLUSION

The absence of ultrasound and CT signs of arterial
complications does not exclude the need for angiography
in case of suspected transplant hypoperfusion according
to clinical and laboratory data. Angiography in combi-
nation with IFlow supplements the data of non-invasive
diagnostic methods, allowing an objective assessment
of the indications and efficacy of endovascular X-ray
interventions in patients after OLT. Further study of graft
hypoperfusion is required using the results of [Flow and
MSCT perfusion.

The authors declare no conflict of interest.
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VALVE-IN-VALVE TRANSCATHETER AORTIC VALVE
REPLACEMENT ON A SELF-EXPANDABLE NITINOL FRAME DUE
TO DEGENERATION OF PRIMARY BIOPROSTHETIC VALVE CUSPS.
CLINICAL CASE OF A HIGH-RISK SURGICAL FEMALE PATIENT

L.S. Kokov"?, V.V, Sokolov|', M.V. Parkhomenko®?, R.Sh. Muslimov', M.V, Bulanova’,
N.M. Bikbova'
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Introduction. We present the clinical observation of a 72-year-old female patient with high surgical risk and
structural degeneration of a bioprosthetic aortic valve (AV) cusps in the form of stenosis, accompanied by severe
dysfunction. Transcatheter implantation of bioprosthesis Medtronic CoreValve™ Evolut™ R-23 was performed
using the valve-in-valve technique. The choice of minimally invasive treatment tactics is substantiated, a preope-
rative examination algorithm and a specific bioprosthesis model for such intervention are provided. Materials and
methods. Imaging — echocardiography (Echo), electrocardiography, multispiral computed tomography, coronary
angiography. Bioprosthetic valve calcification and stenosis with critical parameters of the bioprosthetic AV peak
pressure gradient according to Echo data were the indications for minimally invasive surgery. Results. Dynamic
observation revealed a progressive deterioration in the function of the previously implanted bioprosthetic heart
valve in the aortic position, and a critical deterioration in the patient’s condition. After additional examination of
the patient and selection of a new prosthesis, valve-in-valve transcatheter aortic valve replacement was done. The
positive dynamics of the general state of the patient was noted in the early postoperative period. Echo data showed
that the bioprosthetic AV peak systolic pressure gradient decreased from 90 to 29 mmHg, average gradient — from
42 to 19 mmHg. Conclusion. The minimally invasive valve-in-valve transcatheter aortic valve replacement used
to correct the dysfunction of a bioprosthetic AV that was previously implanted during an open surgery was shown
to be safe and effective and can be considered as one of the options for repeat valve replacement.

Keywords: valve-in-valve transcatheter aortic valve replacement, aortic valve, aortic valve bioprosthesis,
structural valve degeneration.

INTRODUCTION

prosthesis in a standard way on an “open heart” in AC

Stenosis of the aortic valve (AV) is the most common
acquired disease among all valvular heart diseases, requi-
ring surgical treatment — open under artificial circulation
(CP) or minimally invasive endovascular intervention. In
view of the increasing tendency of population aging eve-
ry year in the world, and in particular in Russia, the num-
ber of uses of biological prostheses for the correction of
AV failure in case of its stenotic lesion is increasing [1].

The use of a biological prosthesis (BP) allows to
abandon lifelong anticoagulant therapy [2, 3—7]. At the
same time, among its significant drawback are the limited
period of normal functioning associated with the degene-
ration of the biomaterial of the leaflets and dysfunction
of the valve prosthesis as a whole, which necessitates a
repeated intervention in the long term (after 5—10 years)
[1, 3-7].

Today there are two possible ways to solve this pro-
blem. The first one is to perform re-implantation of the

conditions. This path is associated with the risk of com-
plications and mortality due to the elderly and senile
age of patients, the presence of concomitant diseases in
patients of this category and the trauma of the interven-
tion itself. The second method — minimally invasive — is
the transcatheter aortic valve implantation (TAVI). In
the case of placing a new prosthesis in the frame of an
old invalid one, this technique is called “valve-in-valve”
[1,3,4].

Currently, in the world and especially in Russia, a
small number of observations of reprosthetics using
TAVI using the valve-to-valve technique have been pu-
blished. Therefore, we consider it possible to offer our
own experience of such an operation.

CLINICAL CASE

Patient K., 72, was routinely hospitalized in the emer-
gency cardiac surgery department of the N.V. Sklifo-
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sovsky Research Institute for Emergency Medicine in
November 2019. Upon admission, she complained of
shortness of breath with minimal physical exertion (wal-
king a distance of 50—100 m), episodes of tachycardia,
and weakness.

The anamnesis showed that 11 years ago (in 2008),
the patient underwent AV prosthetics with a Carpentier-
Edwards 21 xenoaortic bioprosthesis, linear resection
and exoprosthetics of the ascending aorta with a synthe-
tic InterGard prosthesis, due to bicuspid AV stenosis and
expansion of the ascending aorta up to 5 cm under AC
conditions. 10 years after AV prosthetics, angina attacks
began to recur, and therefore the patient was examined in
June 2018. According to the results of coronary angio-
graphy, hemodynamically significant stenoses were not
found. Echocardiography (EchoCG) revealed moderate
dysfunction of the AV prosthesis (peak gradient 45—50
mm Hg), which did not require surgical treatment.

The patient has begun to notice a significant deterio-
ration in her condition from February 2019 in the form of
shortness of breath, weakness, and tachycardia attacks.
Upon re-hospitalization six months later, the following
data were obtained during the examination. ECG showed
no pathological changes. According to echocardiogra-
phy: ejection fraction (EF) of the left ventricle (LV) —
65%, local myocardial contractility is not impaired. AV:
the contours of the previously implanted prosthesis are
determined, the valves are compacted, thickened, their
opening is sharply limited, the peak gradient is 90 mm
Hg. Art,, the average gradient is 42 mm Hg, regurgitation
of the 0—Ist degree. Mitral valve: grade 1 regurgitation,
average diastolic gradient 2.6 mm Hg. Tricuspid valve:
2nd degree regurgitation. The systolic pressure in the
pulmonary artery is 40 mm Hg.

Coronary angiography did not detect any hemody-
namically significant stenoses.

From the anamnesis, it is known that the patient suf-
fers from arterial hypertension for a long time (maximum
BP values 160/80 mm Hg, adapted to BP values 110/60
mm Hg), type 2 diabetes mellitus, bronchial asthma,
chronic obstructive pulmonary disease, obliterating
atherosclerosis of the vessels of the lower extremities,
chronic heart failure.

A consultation was held by a multidisciplinary team
consisting of a cardiologist, cardiac surgeon, X-ray en-
dovascular surgeon, anesthesiologist. When discussing
the options for correcting the pathology, the following
factors were considered, which determine the high risk
of repeated open surgery in AC conditions: previous sur-
gery — AV prosthetics and intervention on the ascending
aorta, older age, the presence of concomitant pathology.
Surgical risk stratification indices EuroSCORE Il >10%
and STS >10% were determined, exceeding the maxi-
mum allowable level for open surgery. In connection with
all of the above, it was decided to carry out transcatheter

endovascular AV reprosthetics using the valve-to-valve
technique. An additional examination is scheduled.

Multispiral computed tomography (MSCT) of the
heart with ECG synchronization and the introduction
of a contrast agent (lopromide 370 mg iodine / ml in a
volume of 100 ml intravenous bolus). In the AV projec-
tion, an X-ray-positive frame of a previously installed
bioprosthesis with signs of asymmetric calcification of
its valves is visualized (it is not possible to objectively
assess the volume and degree of calcification due to the
presence of a metal frame of the prosthesis) (Fig. 1).
In the projection of the ascending aorta — a vascular
prosthesis. The sizes at the levels that are fundamental
for the preoperative planning of TAVI were determined
(Tables 1, 2). According to preliminary estimates, the
diameter of the passage hole of the previously installed
Carpentier Edwards 21 bioprosthesis was 19 mm.

High bifurcation of both common femoral arteries
(CFA), left CFA aneurysm (up to 20 mm) were also re-
vealed. The wall of the aorta and main branches throug-
hout the entire length is unevenly thickened with the
presence of multiple calcifications, the contrasting of
the lumen is uniform. In the projection of the coronary
arteries and the base of the posterior cusp of the mitral
valve, calcifications of various sizes were also revealed.
Below the renal arteries — a moderate deviation of the
aorta to the right. There was a deficit in the diameter of
the external iliac arteries (APA) on both sides.

After the examination, it was decided to implant a
Medtronic CoreValve Evolut R23 transcatheter biopros-

Fig. 1. MSCT of the heart before transcatheter AV biopros-
thesis implantation; coronary projection; metal frame of the
“prior” bioprosthesis Carpentier Edvards 21 (white arrow)
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Table 1
MSCT data of the aortic valve elements and the left ventricle outflow tract
Analysis component Diameter (mm) Perimeter (mm) Area (mm?) Height (mm)
Passage opening of the AV prosthesis 16.3 52.1 211.6 —
LV outlet 18.1 67.2 345.8 —

. Right — 19
Sinuses of Valsalva 324 - - Left — 23
Sinotubular ridge 31-33 — — —

Distance from the annulus fibrosus B 7 7 To LCA-15.7
to the orifices of the coronary arteries To RCA-13.2
thesis on a self-expanding nitinol framework through a Table 2

transfemoral approach on the left.

Endovascular AV reprosthetics was performed in
December 2019. Under endotracheal anesthesia, the
left common femoral artery (CFA) was exposed and ca-
theterized in the femoral triangle, and sheath 7F was
installed. An electrode for temporary pacing was passed
through the right jugular vein into the right ventricular
cavity.

Through the puncture access of the right BOTH, a Pig
tail 6F catheter was inserted into the aortic root. From
the left-sided femoral approach, a diagnostic catheter
was passed into the LV cavity, and a 0.035" Confida
guidewire was inserted through it. The 7F introducer was
replaced by the 12F introducer. Through its lumen, the
previously implanted AV prosthesis was predilated with
an Atlas Gold balloon catheter 18 x 40 mm with high-
frequency pacemaker up to 180 per minute. Further, the

Fig. 2. Control aortogram after transcatheter aortic valve-in-
valve bioprosthesis implantation; the position of the Med-
tronic CoreValve Evolut R23 prosthesis is optimal (white
arrow); regurgitation is not determined

MSCT data on the aorta diameter at different
levels and its main branches

Analysis component Diameter (mm)
Ascending aorta 33.9
Descending aorta 23
Abdominal aorta region in suprarenal 20
area
At the level of renal arteries 13
Infrarenal area 12

. . Right 4.6-6.3
Common iliac arteries Loft 7.5-8.4

- . Right 4.4-4.7

External iliac arteries Loft 4.0-4.2
. Right 5.4-6.1
Common femoral arteries Loft 5.4-5 7

12F introducer was replaced with the 18F delivery sys-
tem. The AV Medtronic CoreValve Evolut R23 prosthesis
on a self-expanding nitinol framework was implanted in
the aortic position.

Control aortography showed no regurgitation into
the LV cavity (Fig. 2). Delivery system removed. Control
transthoracic echocardiography was performed intra-
operatively. The new prosthesis is located in the frame
of the previously implanted one, paraprosthetic regur-
gitation of the 0—Ist degree.

No events in the early postoperative period. There
was a noticeable positive dynamics, both in the patient s
objective condition and according to the data of instru-
mental examination.

ECG showed no signs of ischemic changes in the
myocardium. The control echocardiography was per-
formed (Table 3): LVEF — 65%, local contractility is
not impaired. In the study in the color Doppler map-
ping mode, AV regurgitation of the 0—1st degree (Fig. 3,
a), in the pulse-wave Doppler mode, the peak pressure
gradient at the level of the AV prosthesis is 29 mm Hg.
Art., the average gradient is 19 mm Hg. Art. (Fig. 3,
b). Regurgitation on the mitral valve — grade 1-2, on
the tricuspid valve — grade 2, systolic pressure in the
pulmonary artery — 39 mm Hg. Art.

To assess the structures of the aortic root and the
position of bioprostheses, MSCT of the heart with ECG
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Fig. 3. Control Echo-CG after transcatheter aortic valve-
in-valve bioprosthesis implantation: a — apical 5-chamber
view, color Doppler mapping mode-regurgitation on the AV
0-1 degree; b — pulse-wave Doppler mode, peak pressure
gradient at the prosthesis level AV — 29 mm Hg, mean pres-

sure gradient — 19 mm Hg

Table 3
Echo-CG indicators before and after implantation
of the AV bioprosthesis
Parameter At admission At discharge
LVEF 65% 65%
Peak gradient 90 mm Hg 29 mm Hg
Mean gradient 42 mm Hg 19 mm Hg
o 0-1 grade
Regurgitation 0-1 grade (interprosthetic)
Mitral valve Regurgitation Regurgitation
1 grade 1-2 grade
. . Regurgitation Regurgitation
Tricuspid valve 2 grade 2 grade
mPAP 40 mm Hg 39 mm Hg

93

Fig. 4. MSCT of the heart after transcatheter aortic valve-
in-valve bioprosthesis implantation: a — coronary plane, MIP
view, bioprosthesis frame Medtronic CoreValve Evolut R23
(thin arrows) inside the bioprosthesis Carpentier Edvards 21
(thick arrows); b — 3D volume reconstruction of the aortic
root with visualization of both prostheses

synchronization was performed on the Sth day (Fig. 4).
In the AV projection, aortic root, sinotubular ridge, an
implanted prosthesis is visualized, located in the frame
of a previously installed biological prosthesis. There
were no signs of valve dislocation. The position of the
implanted valve complies with established standards.
Contrasting of the trunks of the coronary arteries was
preserved.

The patient was discharged on the 7th day after
the operation with recommendations to control blood
pressure, heart rate, control ECG, echocardiography,
outpatient observation by a physician, cardiologist, pul-
monologist.

DISCUSSION

When choosing the type of implantable prosthesis
in the aortic position, bioprostheses are now more often
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preferred, a significant advantage of which is the absence
of the need for lifelong intake of anticoagulants and the
associated risk of bleeding, constant laboratory monito-
ring of blood clotting. In addition, biological prostheses
have a higher effective valve opening area, which leads
to a low residual pressure gradient and a good hemody-
namic effect. At the same time, a significant disadvantage
of the bioprosthesis is the relatively short period of its
normal functioning [1-7]. According to various studies,
up to 60% of prostheses require replacement after 15-20
years. At the same time, according to the Global Valve-
in-Valve Registry, the median life of bioprostheses is 9
years (interquartile range is 7—13 years) [1, 8, 9].

Dysfunction of the bioprosthesis is caused by dege-
nerative changes in the structure of the valves (calcifi-
cation and damage). This eventually leads to the need
for reprosthetics [2, 5-9].

The standard method of bioprosthesis restenosis cor-
rection is repeated surgical implantation, as a rule, of a
similar prosthesis, which is associated with a high risk
of complications and mortality, which is primarily due to
the high trauma of the intervention itself, as well as the
advanced age of patients and the presence of concomitant
diseases [1, 3-5].

In such difficult situations, a new alternative to open
AV interventions is a minimally invasive operation —
transcatheter implantation of AV bioprostheses with a
sutureless fixation method [1, 3-7].

The presented clinical observation of a patient with
dysfunction of a previously implanted AV bioprosthesis
due to its calcification and stenosis and a high surgical
risk showed the high efficiency of transcatheter implanta-
tion of the prosthesis by the “valve-in-valve” technique.
The use of a bioprosthesis manufactured by Medtronic
CoreValve Evolut R (Medtronic Inc., USA) with a self-
opening function and the possibility of repositioning
made it possible to implant it exactly into the frame of a
previously implanted prosthesis. According to postope-
rative echocardiography, interprosthetic regurgitation
was grade 0—1. Dislocation of prostheses in the early
postoperative period was not revealed.

A distinctive feature of this clinical observation is the
need for careful selection of a “new” bioprosthesis and
delivery device of appropriate parameters, taking into
account the size of the “old” bioprosthesis and individual
anatomical features (small lumen) of the patient’s iliac
arteries. The complexity of endovascular intervention
consisted in pronounced calcification of the walls of the
aorta and its branches, and a deficit in the diameter of
both APA, which increased the risk of dangerous com-
plications. A bioprosthesis was used, used, according
to the literature, in addition to the standard TAVI by
“valve-in-valve” technique. This device is a percutane-
ous delivery system and porcine pericardial valve housed
on a self-expanding nitinol mesh structure. The delivery
system provides controlled and portioned repositioning.

94

Radiopaque design allows for optimal positioning. The
framework is designed to maintain coronary perfusion.
An intraannular position and a sealed valve skirt reduce
paraprosthetic regurgitation. The diameter of the delivery
catheter at 18F is the smallest among those known today,
its use was the only acceptable option for passing instru-
ments through the ABP in the patient under discussion,
and in combination with other features of the device
determined our choice.

Currently, various models of transcatheter bioprosthe-
ses are widely used for valve-in-valve implantation: the
first generation — Sapien, Sapien XT, Sapien 3 (Edwards
LifeScience, USA), CoreValve, CoreValve Evolut R,
Melody (Medtronic Inc., USA); second generation — Por-
tico (St. Jude Medical, USA), Lotus (Boston Scientific,
USA), Accurate TA (Symetis SA, Switzerland), Engager
(Medtronic Inc., USA) [1]. In our observation, a Medt-
ronic CoreValve Evolut R bioprosthesis with a diameter
of 23 mm was successfully used.

Today, transcatheter heart valve reprosthesis is the
only method that can significantly reduce the likelihood
of complications of surgical treatment in high-risk pati-
ents with severe stenosis of the previously installed AV
bioprosthesis [2, 3—7].

Based on the analysis of literature sources, various
types of intra- and postoperative complications are pos-
sible limitation of the application of the valve-in-valve
technique: the formation of a high transprosthetic pres-
sure gradient, para- and transprosthetic regurgitation,
device dislocation, obstruction of the coronary arteries
with exfoliated calcifications, heart rhythm disturbances,
as well as complications associated with the operational
features of the procedure itself [1, 6, 7]. To prevent the
occurrence of such complications, a thorough preopera-
tive examination of the patient using echocardiography,
coronary angiography, MSCT of the heart, the entire
aorta and arteries of the lower extremities up to the level
of the ilio-femoral segment is necessary. This allows ma-
king an accurate selection of the model of the AV trans-
catheter prosthesis, considering the anatomical features
of the access arteries, the parameters of the aortic root,
the design and size of the “old” bioprosthesis.

The X-ray endovascular technique of re-implantation
of a bioprosthesis in the aortic position using the valve-
in-valve technique is a rational treatment option, espe-
cially in elderly patients with a high surgical risk due to
existing concomitant pathology [10]. The use of surgical
risk scales known in cardiac surgery (EuroSCORE, STS-
score) [11, 12] made it possible not only to predict the
likelihood of complications, but also to prevent them
in the postoperative period in the high-risk patient we
described and, refraining from surgical AV reprosthetics,
to successfully carry out transcatheter intervention.
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CONCLUSION

The presented clinical case of successful transcatheter
aortic valve replacement using the valve-in-valve tech-
nique demonstrates the safety and effectiveness of this
treatment method. It can be argued that this method is a
real alternative to the classical open intervention. This
type of surgical intervention, of course, can be consi-
dered as one of the options for reprosthetics in patients
with high surgical risk, for whom reoperation is indicated
due to dysfunction of previously implanted biological
prostheses of heart valves.

The authors declare no conflict of interest.
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MANDIBULAR ENDOPROSTHESIS WITH SUPPORT ZONES

AS AN ARTIFICIAL ORGAN

A.L Shaikhaliev, PS. Petruk, 1.M. Shpitser, A.S. Migachev, L.D. Arasashvili, T.R. Davydova,

G.A. Gasbanov, R.S. Korgoloev
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Mandibular reconstruction after partial or complete resection is a prerequisite for restoring normal facial aes-
thetics, articulation and chewing function. We present a clinical case of lower jaw reconstruction in a female
patient with acquired extensive bone defect while taking pervitin and desomorphine. Detailed descriptions of the
stages of planning and performing surgery, manufacture of an individual endoprosthesis, as well as preoperative
preparation of the patient are presented. Clinical and radiological data in the postoperative period were analyzed
and an objective assessment of the effectiveness of the technique was given. Adequate restoration of the main
functions of the lost organ was achieved thanks to the use of an individual titanium mandibular endoprosthesis

with integrated dental implants and a full-arch denture.

Keywords: mandibular reconstruction, prostheses and implants, artificial organs, virtual planning,

computer-assisted design.

INTRODUCTION

Mandible (M) is the only movable and most massive
bone of the facial skull, which is the support and place
of attachment of functionally important muscle groups.
M plays one of the main roles in ensuring the functions
of chewing, swallowing, articulation and, in some cases,
breathing.

Extensive M defects lead to asymmetry of the lower
face zone, cause functional disorders, and are also ac-
companied by the loss of a person’s aesthetic appearance
[1]. Recently, a large number of scientific works have
dealt with the correspondence of the hysteresis behavior
of the endoprosthesis system to the hysteresis behavior
of tissues. Many works are devoted to the advantages of
manufacturing individual endoprostheses [2, 3]. Never-
theless, it seems unlikely to achieve a stable functionally
and aesthetically satisfactory result after arthroplasty
of extensive defects of the lower jaw in the absence of
dental prosthetics. Fixation of jawbone fragments with
a standard titanium plate and subsequent removable
prosthetics should be considered a relatively satisfac-
tory solution. The development and implementation of
more durable and physiological structures is required.
Currently, the development of CAD/CAM technologies
allows the manufacture of individual implants for cra-
niomaxillofacial prosthetics.

We present a clinical observation of the stages of
planning and performing surgery that describes the me-
thod of manufacturing an individual endoprosthesis of
the lower jaw, as well as the features of the patient’s
preoperative preparation.

CLINICAL CASE

Patient A., born in 1985. In history, drug addiction
based on desomorphine and pervitin. 6 years kemission.
In 2004, she was operated on in the city of Ukhta, a
sequestrnecrectomy was performed, and the anterior
teeth were removed in the lower jaw. In 2006, a second
sequestrnecrectomy was performed, removal 43, 44. In
2009, “Konmet” serial reconstructive plate was installed
in Ukhta. The patient addressed the clinic of maxillofaci-
al surgery of the Sechenov First Moscow State Medical
University. In February 2012, complaints of exposure
of the reconstructive plate in the oral cavity, violation
of chewing and speech, deformity of the face (Fig. 1).
A sanitizing operation was performed, which consisted
in the removal of the incompetent metal structure and
revision of the pathological focus.

At the council, it was decided to make an individual
endoprosthesis with the inclusion of support zones for
subsequent prosthetics in order to restore the chewing
function. Preliminarily, the erupted metal structure was
removed, and inflammation was relieved. In Septem-
ber 2012, a surgical intervention was performed in the
amount of endoprosthetics of the lower jaw.

Preoperative planning. The patient underwent multi-
spiral computed tomography of the skull with volumetric
reconstruction of the image, on which the subtotal defect
of the lower jaw is determined, as well as the defect of the
left maxillary bone with complete edentulousness in the
second segment. Stereolithographic models were made
according to MSCT data. A team of authors, together
with engineers of the Konmet company, has developed
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an individual titanium endoprosthesis with shafts for  approach using the Bramley-Al-Kayat technique [5].
implants [4]. The implants were fixed into the body of  In the area of the preserved area of the lower jaw body,
the endoprosthesis in the factory (Figs. 2, 3). on the right and on the left, an osteotomy of the cortical

Operation. Typical submandibular incisions were layer was performed, a groove 2 mm wide was formed for
made on the right and left, as well as a preauricular laying the anterior part of the endoprosthesis fragment.

Fig. 1: a — appearance of the patient when applying to the clinic of maxillofacial surgery of the Sechenov First MSMU; b —
orthopantomogram, condition after resection of the mandible and fixation the reconstructive plate of mass production

Fig. 2. Analysis of the virtual model of the visceral cranium.  Fig. 3. Planning the stages of the operation. Fitting an indi-
Modeling an individual endoprosthesis of the mandible vidual endoprosthesis with supporting zones for dental im-
plants on a stereo model
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Fig. 4. Implantation and fixation of the endoprosthesis: a — stage of the surgery; b — postoperative roentgenogram

The endoprosthesis was installed and fixed with screws
in the area of the corner and branch of the lower jaw
on the right and left.

The wound was sutured in layers, latex drains were
left for 2 days (Fig. 4). The patient underwent complex
antibacterial, anti-inflammatory, symptomatic therapy.

Fig. 5. The condition of the tissues in the oral cavity: a — gin-
gival formers are installed; b — transfers are established to
obtain a working impression of the mandible
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The early postoperative period was uneventful. Wounds
were healed by primary intention, without complications.
Removal of sutures on the skin was performed on the 7th
day, sutures in the oral cavity — after 14 days.

In 6 months, the gingival margin formers were in-
stalled. After 14 days, an impression was taken using
transfers (Fig. 5). Prosthetics was performed with the
manufacture of a conditionally removable prosthesis of
a bar construction on individual abutments (Fig. 6, 7).
The cosmetic and functional results were assessed as
satisfactory by the specialists and the patient herself.
The restoration of the shape and size of the lower jaw,
the contours of the face in general, an increase in the
amplitude of movements of the lower jaw were noted. A
positive result persists for 6 years after the operation
(Fig. 8).

The advantage of the endoprosthesis used is that af-
ter installation, it is completely covered with mucous
membrane, and individual abutments are placed on a
delayed basis. This fact reduces the risk of postoperative
infection and increases the rate of healing.

Recommendations. After implantation of the endo-
prosthesis, the mucous membrane must be completely
sutured to avoid infection. Impression taking and pros-
thetics should be delayed. After the end of the regene-
ration of the tissues surrounding the endoprosthesis,
prosthetics can be performed using individual abutments.
The flushing zone of the denture should be 1.8-2 mm to
ensure satisfactory oral hygiene [6].

DISCUSSION

One of the important anatomical features of the jaws
is the presence of teeth that perform a number of func-
tions, which imposes a certain specificity not only on the
course of diseases of the maxillofacial region, but also
on the approaches to their treatment and rehabilitation



CLINICAL CASES

Fig. 6. Production of a conditionally removable denture on a
beam construction

[7, 8]. Loss of a fragment of the lower jaw with the loss
of the chewing function on the affected side leads to
uneven work of the group of masticatory muscles with
the development of secondary asymmetry of the face. In
addition, additional trauma to the mucous membrane in
the absence of dental prosthetics leads to the eruption
of the endoprosthesis. In addition, the absence of anta-
gonist teeth in the teeth of the opposite segment leads
to a decrease in their functional load, the development
of the Popov — Godon phenomenon [9], periodontal
diseases and early loss of intact teeth. The absence of
teeth leads to pathology of the temporomandibular joint
(TMJ), which is one of the important organs involved in
postural control of the human body [10].

D.A. Nikitin et al. [11] developed a clinical classi-
fication of defects in the bone structures of the lower
jaw, considering the possibility of using the method of
dental implantation in reconstructive operations. The
authors identified three groups of patients. According
to this classification, extensive defects of the lower jaw
with disruption of its continuity in the frontal and lateral
parts were attributed to the 3rd class.
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Fig. 7. Appearance of the patient after conditionally remo-
vable prosthetics

Currently, the most common reconstructive opera-
tions in patients with extensive acquired defects of the
maxillofacial area (MFA) are performed using allografts,
revascularized and nonvascularized autografts, endo-
prostheses. Based on the analysis of the properties of
the above groups of grafts (Table), there is reason to
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Table
Pros and cons of various reconstructive materials
Reconstructive Advantages Disadvantages
material
Does not requl.re the creation Qf_a_n additional The need to create a bone bank [13], technological
operating field; there is a possibility of replac- oo . .
) . P complexity, differences in the size and geometry of
ing combined defects of the face and jaws; the i o X
Allograft e L . ’ the donor site and the defect [14], it is impossible to
possibility of transplantation in patients with P . . L
. Co .| exclude the possibility of infection of the recipient;
cancer in remission (more than five years) and in ethics commitice approval required
HIV-positive patients [12] pp q
Less technically complex and costly operation | Donor site trauma; limited available volume for
Nonvascularized |compared to the use of a vascularized graft, there | sampling [15]; resorption [16, 17]; it is not always
autograft are more sites to choose; reducing the risk of possible to make up for an extended defect [14];
graft rejection risk of infection [18]
Pos51b111.ty of rep lacmg.ex.tendedjaw defef:ts (up Injury of the donor site, expensive equipment and
to 8 cm); used after radiation therapy and in soft hi . . . _
. ) o ) S igh qualification of the surgeon are required, it is
Revascularized tissues with cicatricial changes; the possibility of . ) .
. . o not always possible to fill the defect; long operation
autograft implantation (there are both positive and nega- . . . .
. ; . . time; the need for two specialized surgical teams;
tive results) [18, 19]; preventing the risk of graft S X
L morbidity; longer hospital stay [20-23]
rejection
Does not require the creation of an additional Fracture of the fixing part of the endoprosthesis,
operating field; the ability to manufacture an intrusion of its head into the cavity of the middle
individual endoprosthesis with pre-calculated cranial fossa during arthroplasty; eruption [24]; risk
Endoprosthesis optimal geometric parameters, which can signifi- | of infection or infection; the thickness of the endo-
cantly reduce the operating time; the possibility | prosthesis, which does not provide a sufficient vol-
of prosthetics when using an endoprosthesis with | ume of reconstruction [14]; material fatigue, which
support zones imposes restrictions on the duration of operation

Fig. 8. Oral cavity examining (September 2019)

believe that endoprosthetics is one of the most promising
techniques.

Most authors positively assess the experience of using
endoprostheses of the lower jaw, emphasizing its pros-
pects [7, 24]. In cases of removal of the TMJ with the M
branch as a single block, one should not forget about the

preservation of the above function in the intact joint. It
should be noted that the use of the temporal bone glenoid
fossa prosthesis prevents the recurrence of ankylosis and
the penetration of the articular head of the endoprosthesis
into the cavity of the middle cranial fossa [25].

Historically, for M and temporomandibular joint
(TMJ) arthroplasty, alloys resistant to corrosion in body
fluids have been used: stainless steel, an alloy of cobalt
(vitalium), chromium, molybdenum, and tantalum [26].
The most popular were endoprostheses of the Vitalium
M branch, proposed by B.S. Freeman (1948) [27]. In
subsequent years, materials from titanium and its alloys
were actively introduced into medical practice. In par-
ticular, R.W. Christensen (2004) developed numerous
variants of titanium prostheses, described the methods
of surgical interventions for prosthetics of the glenoid
cavity and the M branch [2].

Positive properties of titanium and its alloys inclu-
de high biocompatibility; bioinertness in body tissues;
corrosion resistance due to the formation of an oxide
film that is stable in the environment of the body; mo-
dulus of elasticity close to the modulus of elasticity of
the bone; non-magnetic; low thermal conductivity; low
coefficient of linear expansion; no clinically significant
toxicity [28]. In addition, experimental experimental
studies on animals have shown that titanium structures
are more resistant to fatigue loading compared to other
materials [7].
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Nevertheless, the development and introduction into
clinical practice of more advanced material [28, 29] does
not exclude the development of both early and late com-
plications, which can be associated, among other reasons,
with the insufficient physiological nature of the repla-
cement construct.

According to the specialized literature, the most op-
timal current method of rehabilitation in patients with
partial and complete edentulousness in patients is dental
implantation [30]. Nevertheless, this method of restora-
tion of the dentition is, for obvious reasons, practically
impracticable during a standard metal endoprosthesis
[31]. Based on the anatomical, functional and aesthetic
significance of M, we can say that the operation to im-
plant the proposed metal structure is equivalent to the
creation of an artificial organ, which is especially im-
portant for maintaining an acceptable standard of living
for the patient.

CONCLUSION

Thus, due to the proposed technique, it is possible to
solve the main tasks of reconstructive surgery in pati-
ents with extensive defects of the lower jaw: to restore
functions, as well as to recreate the facial aesthetics as
closely as possible, which, in turn, has a significant effect
on the patient’s quality of life. This clinical case clearly
demonstrates that the use of an individual endopros-
thesis of the lower jaw with integrated dental implants,
followed by the manufacture of a conditionally remo-
vable orthopedic structure, allows to obtain a predictable
stable result and is quite promising in terms of patient
rehabilitation.

The authors declare no conflict of interest.
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Shortage of donor organs for liver transplantation in the treatment of end-stage liver disease dictates the need to
develop alternative methods that include technologies on tissue engineering and regenerative medicine. Objecti-
ve: to study the ability of a tissue-specific matrix from decellularized human liver fragments (DHLF) to maintain
adhesion and proliferation of human adipose tissue-derived mesenchymal stem cells (hAT-MSCs) and HepG2
under static conditions and in a flow-through bioreactor. Materials and methods. Treatment with surfactants
(SAS) — sodium dodecyl sulfate, Triton X-100 — followed by exposure to DNase was used for decellularization of
human liver fragments (no more than 8 mm’). Biochemical screening included the determination of DNA quantity
in the test samples. Efficiency of surfactant washing was assessed by the cytotoxicity of the matrix in the NIH
3T3 fibroblast culture. Viability and metabolic activity of cells were assessed via vital staining with a complex
of fluorescent dyes LIVE/DEAD® and PrestoBlue™ (Invitrogen, USA). Morphological examination of the liver
cell-engineered constructs was carried out through histological staining and scanning electron microscopy with
lanthanide contrast. Results. It was shown that the liver decellularization method used allows to obtain a biocom-
patible matrix with a residual DNA quantity <1%, which is capable of maintaining adhesion and proliferation of
hAT-MSCs and HepG2. On day 7 of cultivation in the bioreactor, there was formation of a single conglomerate
of the DHLF matrix with numerous groups of viable cells with a high nuclear-cytoplasmic ratio. The urea con-
tent in the culture medium is 1.5 £ 0.1 mmol/L, exceeding that of samples obtained under static conditions. This
indicates the metabolic activity of HepG2 in the composition of the obtained culture systems. It was shown that
constant flow of the culture medium in the perfusion bioreactor increased the proliferative activity of HepG2 and
allowed to provide a more uniform colonization by matrix cells in comparison with static cultivation conditions.
Conclusion. The conditions for uniform colonization of DHLFs in a flow-through bioreactor with cell cultures
were established. The ability of the matrix to maintain adhesion and proliferation of hADSCs and HepG2 for
11 days indicates that it could be used in liver tissue engineering.

Keywords: liver, decellularization, mesenchymal stem cells, HepG2, cell-engineered construct, tissue
engineering, bioreactor.

INTRODUCTION

Shortage of donor organs for liver transplantation in
the treatment of terminal stages of liver failure dictates
the need to develop alternative methods, which inclu-
de technologies of tissue engineering and regenerative

removal of immunogenic factors (DNA, galactose-a-1,3-
galactose) and preservation of morphology that is largely
specific for organs and tissues and the natural extracel-
lular matrix (ECM), which includes the necessary sites
for adhesion, migration and proliferation of cells [3, 4].

medicine [1, 2].

Tissue decellularization is a promising method for
creating matrices for regenerative medicine due to the
removal of immunogenic factors (DNA, galactose-o-1,3-
galactose) and preservation of morphology that is largely
specific for organs and tissues and the natural extracel-
lular matrix (ECM), which includes the necessary sites
for adhesion, migration and proliferation of cells [3, 4].

Tissue decellularization is a promising method for
creating matrices for regenerative medicine due to the

Significant progress has now been achieved in decel-
lularization of the whole liver by perfusion with surface
acting agent (SAA) solutions [5, 6]. The attractiveness
of this method of decellularization lies in the potential
for obtaining whole organs when populated with cells
using perfusion and transplantation of the obtained
tissue-engineered structures in vivo by creating anasto-
moses with preserved vascular structures [7, 8]. How-
ever, decellularization of the whole liver has a number
of disadvantages: low efficiency of removal of cells and
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their fragments and recellularization due to microcircu-
lation disorders and the difficulty of transporting suf-
ficient amounts of oxygen and nutrients to cells in the
thickness of the organ. In this regard, the most rational
approach seems to be the decellularization of not the
whole organ, but its fragments. Earlier, we developed a
method for decellularization of human liver fragments,
which made it possible to obtain a matrix with a complete
absence of cellular debris and a preserved tissue structure
[9]. Note that the interaction of cells with the resulting
tissue-specific matrix has not been studied.

The inherent immunomodulatory properties of mes-
enchymal stromal cells (MSC), the ability to stimulate
regeneration, and the ability to differentiate into hepa-
tocyte-like cells indicate the possibility of their use for
creating cellular engineering structures (CES) of the liver
for the treatment of various liver diseases [10]. Due to
the complexity of expansion and low viability of primary
hepatocytes during in vitro cultivation, it is advisable to
use cell lines capable of performing functions characte-
ristic of liver cells to study the interaction of specialized
cells with fragments of decellularized liver [11]. Note
that although the metabolic functions of hepatocellular
carcinoma HepG?2 cells are limited compared to primary
hepatocytes, their use as an in vitro hepatocyte model
is due to the availability of HepG2, ease of handling,
almost unlimited lifespan and phenotype stability [12].

It is known that to create the conditions closest to
natural during in vitro cultivation, bioreactors are used,
which make it possible to improve cell nutrition, trans-
port gases to them, and excretion of metabolic products
due to constant circulation of the culture medium [13].
Nevertheless, the cultivation of cells in a flow is not
without drawbacks associated with mechanical damage
to cells, high consumption of culture media, and the
difficulty of maintaining aseptic conditions during long-
term experiments.

The purpose of the present study was to study the
ability of tissue-specific matrix from decellularized
fragments of human liver (DFHL) to maintain adhesion
and proliferation of MSC HGT and HepG2 under static
conditions and in a flow-through bioreactor.

MATERIALS AND METHODS

A donor human liver wasused, washed according to
the traditional method from blood elements with a Cus-
todiol solution (Dr. F. Koehler Chemie GmbH, Germa-
ny). The liver was not suitable for transplantation due
to severe fatty hepatosis (more than 40%). The washed
liver or part of it was placed in sterile saline, if steatosis
was detected before washing the vascular bed, or in the
preservative Custodiol, if the presence of pronounced
fatty infiltration was determined after removing blood
elements from the liver.

Fragments of the liver (no more than 2 x 2 X 2 mm)
were obtained using a scalpel and scissors. Decellulari-

zation of human liver fragments was carried out in three
changes of phosphate-buffered saline (PBS) (138 mM
NaCl, 2.67 mM KCl, 1.47 mM KH,PO,, 8.1 mM Na,H-
PO,, pH =7.4) containing 0.1 % sodium dodecyl sulfate
(SDS) and an increasing concentration of Triton X-100:
1%, 2% and 3% [9]. The total time of decellularization
was 72 hours — 24 hours for each change of SAA solution
with stirring on a magnetic stirrer.

Then, fragments of human liver were treated in a
solution of DNase I type (New England Biolabs Inc.,
USA). Matrix samples with a volume of 0.5 ml were
placed in 1.0 ml of 10 mM Tris-HCI buffer solution (pH
7.6) containing 2.5 mM MgCl,, 0.5 mM CaCl, and 50 U/
ml DNase I and incubated for 48 h at 37 °C.

Washing DFHL from SAA included an exposure of
the matrix in PBS containing an antibiotic (ampicillin,
20 pg/ml) and an antimycotic (amphotericin B, 2.0 pg/
ml) for 96 h, followed by sterilization of the samples by
y-irradiation (1.5 Mrad).

The residual DNA content was an indicator of the
cellular components preserved in the DFHL samples,
which carry the bulk of the antigens that cause the re-
action of the xenogenic matrix rejection. The DNeasy
Blood & Tissue Kit (QIAGEN, Germany) was used to
isolate DNA from the original and decellularized tissue
according to the manufacturer’s protocol. Samples of the
original human liver (n = 3) and DFHL (n = 3) weighing
10 mg were lysed using lysis buffer and proteinase K for
16 hours at +56 °C. For the quantitative determination
of DNA in the samples, the fluorescent dye ™Picogreen
Quant-iT (Invitrogen, USA) was chosen.

The source of MSC HGT was the subcutaneous adi-
pose tissue of a healthy donor taken from him with in-
formed voluntary consent. A sample of subcutaneous
adipose tissue was crushed with a scalpel, washed twice
with cold (+4 ... +6 °C) Hanks solution, and then in-
cubated in a 0.1% type I collagenase solution (Gibco,
USA) at 37 °C for 20 min. Then the resulting suspension
was sequentially passed through cell sieves with a pore
diameter of 100 and 70 pm.

All cells were precipitated by centrifugation, resus-
pended in complete growth medium (ORS) of DMEM/
F12 composition (1:1) supplemented with 10% fetal
bovine serum, 100 U/ml penicillin, 100 pg/ml strepto-
mycin sulfate, and 2 mM L-glutamine (Gibco, USA) and
cultured until the formation of a monolayer, changing
the medium 2 times a week. The cells were transferred
into suspension by treatment with a Versene solution at
37 °C for 1 min, followed by the addition of TrypLe™
dissociating agent (Invitrogen, USA). For experiments,
cells of the 3rd passage were taken.

Human hepatocellular carcinoma cell culture HepG2
was obtained from the laboratory collection of cell cul-
tures of the Department of Biomedical Technologies
and Tissue Engineering of the Shumakov National Me-
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dical Research Center of Transplantology and Artificial
Organs.

The cytotoxicity of the matrix samples was studied in
accordance with GOST ISO 10993-5-2011 [14] by the
method of direct contact of the samples with the culture
of mouse fibroblasts of the NIH 3T3 line obtained from
the collection of transplanted somatic vertebrate cells of
the D.I. Ivanovsky Research Institute of Virology.

Mouse fibroblasts were seeded in cultured flat-bottom
6-well plates and incubated for 24 hours at 37 °C under
standard conditions in a humid atmosphere containing
(5 £ 1)% CO,. The samples under study were placed
on the surface of the formed (80 = 10)% monolayer of
cells. After a day of incubation, the morphology and
lysis of cells were visually assessed according to a stan-
dard technique using a Nikon Eclipse TS100 biological
microscope (Nikon, Japan). The negative control was
general nutrient medium containing fetal bovine serum,
the positive control was a standard solution of zinc in
nitric acid (9.95 mg Zn in 1-2 wt.% HNO,, dilution 1:200
with 0.9% NaCl solution for injection).

HepG2 and MSC HGT were cultured according to the
standard method to a monolayer confluence of 70-80%,
after which they were washed off the plastic using Ver-
sene solution and TrypLe™ reagent (Invitrogen, USA)
and a working cell suspension was prepared in general
nutrient medium with a concentration of 1 x 105 cells/
ml. Cell counting and assessment of their viability were
performed on a TS20 cell counter (BioRad, USA) ac-
cording to the manufacturer’s method.

Matrix pellets (30 mg) were thawed and placed in
ORS for a day at room temperature. DFHL cells were
additionally washed twice with fresh ORS before pla-
ting. An aliquot of the cell suspension was added to each
DFHL tube to populate the matrix. The tubes were placed
in a rack and shaken on a MultiBio 3D laboratory shaker
(Biosan, Latvia) in a reciprocal platform rotation mode
at 80 rpm for 2 hours to evenly distribute the cells over
the matrix surface. Then the tubes were placed in an
incubator and cultured under standard conditions.

The viability and adhesion of cells were assessed by
the method of in vivo staining with a complex of LIVE/
DEAD" fluorescent dyes (Invitrogen, USA). This com-
plex includes two components: calcein AM gives green
fluorescence of living cells, recorded at a wavelength
of 515 nm, ethidium homodimer-1, penetrating through
the damaged cell membrane and binding to DNA, gives
red fluorescence at 635 nm. Microscopy was performed
on a Nikon Ti fluorescence microscope (Nikon, Japan).

Determination of the metabolic activity of cells was
performed by the test with a PrestoBlue™ reagent (In-
vitrogen, USA) according to the manufacturer’s inst-
ructions. Spectrophotometric analysis was performed
on a Tecan Spark10 plate reader (Tecan, Austria). In the
study of metabolic activity, 5 X 104 HepG2 cells or 2 x
104 MSC HGT were applied to each DFHL pellet. The

absorbance data were used to calculate the metabolic
activity coefficient (K) by the formula:

_ 117.216% Abssy —80.586 x Absgy,
155.677 x Absggp —14.652x Absgy,

Where Absg,, — absorption at 570 nm wavelength;
Absg,, — absorption at 600 nm wavelength.

When creating CES, 1 x 105 HepG2 cells or 1 x 105
MSC HGT were applied to 1 DFHL pellet. To carry out
experiments on the cultivation of HepG2 on DFHL un-
der flow conditions, a modified version of the perfusion
bioreactor was used [13]. The flow rate was 0.02 ml/
min. On the 7th day, the culture chamber with CES was
removed from the bioreactor.

The following types of samples were studied: a frag-
ment of a native human liver, a fragment of a decellu-
larized human liver, CES — MSC HGT, cultured on a
decellularized liver fragment.

The morphology of the surface and the nearest sub-
surface layer of the samples was studied jointly with
the staff of the Laboratory of Basic Research in Oph-
thalmology of the Research Institute of Eye Diseases by
scanning electron microscopy (SEM) using lanthanide
contrasting.

The preparation of water-containing samples for SEM
with deposition of a conductive layer requires their de-
hydration, which leads not only to structural changes
in such objects, but also poor visualization of cellular
elements. The lanthanide contrasting method makes it
possible to observe non-fixed biological samples in a low
vacuum mode after holding them in a saturated solution
of a rare earth metal. At the same time, the maximum
native state of the object under study is preserved, and
the image obtained in the backscattered electron detec-
tion mode carries extended information on the cellular
structures [15].

The processing protocol included initial washing,
holding for 45 min in a BioREE contrast solution (Glau-
con LLC, Russia) and final washing with distilled water.
After contrasting, excess moisture was removed from
the sample surface with an air brush and placed on the
stage of an EVO LS10 microscope (Zeiss, Germany).
The observations were carried out in a low vacuum mode
(EP, 70 Pa), at an accelerating voltage of 20 kV.

For morphohistological studies, the initial and de-
cellularized samples were prepared according to the
standard technique, stained with hematoxylin and eosin,
and according to Masson’s method. The analysis and
photography of the obtained preparations were perfor-
med using a Nikon eclipse microscope (Nikon, Japan)
equipped with a digital camera.

The concentration of glucose and urea was deter-
mined using a KonelabPrime 60i biochemical analyzer
(Thermo Fisher Scientific, Finland).

Statistical data processing was performed with a stan-
dard Microsoft Excel software.

x100%,
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RESULTS AND DISCUSSION

We have previously shown that decellularization of
human liver fragments using SAA allows removing cel-
lular debris and preserving the tissue structure [9]. How-
ever, when determining the amount of DNA in DFHL, it
was found that the process of chemical decellularization
led to the removal of only 69.5 + 3.6% of the DNA
(Fig. 1). Note that during liver decellularization, it is
recommended to keep no more than 10% of the amount
of DNA in the original tissue [16]. In this regard, an ad-
ditional stage was introduced into the decellularization
protocol after SAA treatment, which included exposure
of DFHL in DNase I solution. As can be seen from Fig. 6,
DNase treatment made it possible to reduce the residual
amount of DNA in the decellularized sample to 3.6 £
0.6 ng/mg tissue (less than 1%), which indicates good
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Fig. 1. Amount of DNA in the original and decellularized
fragments of the human liver

decellularization, and, accordingly, low immunogenicity
of the resulting matrix [17].

The study of cytotoxicity by the direct contact method
on mouse fibroblasts of the NIH/3T3 line did not reveal
manifestations of the cytotoxic effect of the hepatic ma-
trix during the study time of 24 hours. The dynamics
of cell growth did not practically differ in the experi-
mental and control variants. No areas of cell lysis were
observed under the sample or in the contact area of the
sample with cells. A trypan blue viability test performed
after 24 hours of cell contact with samples also showed
no cytotoxic effect. Based on the data obtained, it was
concluded that the protocol for washing the matrix from
SAA was effective and that DFHL was not cytotoxic.

The absence of matrix cytotoxicity made it possible
to proceed to the study of the viability and proliferative
activity of MSC HGT on the DFHL surface. It was shown
by the method of intravital fluorescence microscopy that
although some of the cells are in a suspension state in
the culture medium, most of the cells successfully attach
to the matrix surface and proliferate already on the 3rd
day of the experiment (Fig. 2, a). At the beginning of the
experiment, cells are unevenly distributed over the sur-
face of the matrix — first of all, active collonization of the
DFHL marginal zones occurs. Then the cells migrate into
the volume of the matrix, forming a cellular network, and
then continuous sections of dense cell layers (Fig. 2, b).

Fig. 3 shows the results of SEM studies of native and
decellularized human liver, as well as CES, including
MSC HGT, cultured on decellularized fragments of hu-
man liver for 7 days.

As seen in micrographs (Fig. 3, a, b), the native tis-
sue significantly differed in surface structure from the
decellularized one. The original fabric had a continuous
relief surface. After removing the cells, the matrix ac-
quired a porous structure. The pore boundaries were an
interweaving of numerous micro- and nanofibers. The
pore size was heterogeneous: there were both small pores

Fig. 2. Viability of MSC HAT on the surface of the: a — 3 days of cultivation; b — 7 days of cultivation; 1 — the surface of the
DPHL; 2 — the MSC HAT. Coloring with Live/Dead fluorescent dyes. x40
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about 1-2 pm in size and large pores up to 20 um in size.
Light formations, which are determined on the surface
of decellularized tissue and CES, most likely represent
matrix-bound phosphorus-containing components of the
culture medium adsorbed on its surface. MSC HGT, at-
tached to the surface of the carrier, had a spread shape,

Fig. 3. Microphotographs of the surface structure of the na-
tive (a) and decellularized (b) human liver, CFC, including
MSC HAT cultured on decellularized fragments of the hu-

man liver (c). SAM using lantanoides contrasting BioREE.
K —cell

which indicates the biocompatibility of the DFHL matrix
with respect to interaction with cells (Fig. 3, c).

The obtained SEM data were confirmed by histologi-
cal analysis. As seen in Fig. 4, cell morphology is spread
out, fibroblast-like, which is characteristic of MSC HGT
in the phase of active proliferation.

Fig. 4. Growth of MSC HAT on the tissue-specific matrix of the decellularized human liver. 1 — the matrix; 2 — MSC HAT.

Staining with hematoxylin and eosin; a — x40, b — x200
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The growth of fibroblast-like cells was observed at
the periphery of all matrix particles. Note that single
cells penetrated deep into the carrier, and pronounced
proliferation was observed on one of the fragments.

The obtained positive results on the cultivation of
MSC on the DFHL surface allowed us to switch to the
DFHL — HepG2 culture system.

60

Analysis of the metabolic activity of cells showed that
its growth occurs starting from the 3rd day of the experi-
ment and reaches a maximum by the 7th day (Fig. 5). The
data of the metabolic activity indicator are confirmed by
intravital fluorescence microscopy (Fig. 6, a, b).

When studying the colonization of DFHL by cells of
hepatocellular carcinoma HepG2, it was found that cells
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Decellularized human liver matrix

Fig. 5. Metabolic activity of HepG2 cells on a tissue-specific

matrix from decellularized human liver

Fig. 6. Adhesion of HepG2 cells on the surface of a tissue-
specific matrix from a decellularized human liver: a — 3 days
of cultivation; b — 7 days of cultivation; ¢ — 11 days of culti-
vation; 1 — the surface of the matrix; 2 — HepG2 cells. Colo-
ring with Live/Dead fluorescent dyes. x40
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selectively attach to the matrix surface. The micrographs
(Fig. 6, a, b) show that the cells mainly adhere to the
marginal regions of the matrix, followed by their acti-
ve proliferation. The central areas of the surface of the
matrix fragments are very poorly populated by cells. Ac-
cording to microscopy and assessment of the metabolic
activity of cells, its maximum falls on the 7th day. This
trend persists throughout the experiment for 11 days. By
the 11th day, proliferative activity decreases, which is
associated with aging of the culture. In Fig. 6, c, it can be
seen that by this time the marginal areas of the matrix are
completely covered in places by the formed cell clusters
and layers, while in the central zones the colonization of
the host cells did not occur.

Thus, the intravital microscopy of the samples de-
monstrates active proliferation of HepG2 cells and
uneven DFHL adhesion (Fig. 6).

On histological analysis, as seen in Fig. 7, the predo-
minant growth of epithelial-like cells with a high nuclear-
cytoplasmic ratio was observed on the surface of the
matrix by the third day of cultivation. In this case, the
cells united into numerous groups, and some of the cells

i

s f el

d
ol

formed small clusters in the volume of the matrix. Note
the presence of collagen in DFHL, which indicates the
preservation of the main structural component of ECM.
By the seventh day, a significant increase in cell mass
was observed, which was associated with active cell
proliferation. On the surface of the carrier, multi-layered
dense cell layers were found, and in the thickness of the
matrix, the formation of larger cell clusters than in the
previous period was observed.

The cells show a fine-grained cytoplasm with a few
small vacuoles, and also observed an atypical mitosis
characteristic of this cell line (Fig. 8).

Biochemical analysis of samples of the culture me-
dium on the third day of the experiment did not reveal
in the samples of urea at a level exceeding the detection
limit of 1.1 mmol/L. However, by the 7th day, the urea
content in the culture medium was 1.2 £ 0.1 mmol/L,
which proves the presence of functional activity of cells
in the CES composition.

It was suggested that the detected uneven colonizati-
on of matrix cells and insignificant cell penetration into
its volume during cultivation under static conditions can

Fig. 7. Growth of human hepatocellular carcinoma cells HepG2 on a tissue-specific matrix from a decellularized human liver.
x100. Staining with hematoxylin and eosin: a — 3 days of cultivation; b — 7 days of cultivation; 1 — matrix; 2 — HepG2 cells.
Masson staining for collagen. ¢ — 3 days of cultivation; d — 7 days of cultivation; 1 — HepG2 cells; 2 — collagen. X200
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Fig. 8. Morphology of human hepatocellular carcinoma
cells HepG2 when cultured on a tissue-specific matrix from
a decellularized human liver. 3 days of cultivation: 1 — ma-

be avoided by cultivating CES DFHL — HepG2 in a flow
bioreactor [13].

Indeed, on the 7th day of cultivation in the bioreactor,
the DFHL matrix with HepG2 formed a single conglo-
merate (Fig. 9). Most of the numerous groups of adhered
epithelial-like cells with a high nuclear-cytoplasmic ratio
of cells were viable and stained green. The bulk of cells
was concentrated on the surface of the matrix, but cells
forming small clusters were also detected in the volume
of the carrier. The morphology of the cells changed from
rounded to more elongated; some cells were in a state
of destruction.

The metabolic activity of cells during cultivation in a
bioreactor was also higher than in statics. In the cells, re-
actions of energy metabolism were actively taking place:
the glucose content in the culture medium by the seventh
day of the experiment significantly decreased — from

7.69 £ 0.38 to 4.69 £+ 0.23 mmol/L. The urea content in
the culture medium (1.5 £ 0.1 mmol/L) exceeded the

trix; 2 — HepG2 cells. x400. Staining with hematoxylin and
eosin

——— o
Z =

Fig. 9. Growth of human hepatocellular carcinoma cells HepG2 on a tissue-specific matrix from a decellularized human liver
in a flow bioreactor at a flow rate of 0.02 ml/min: a — overview photo; b — Live/Dead vital dye staining; 1 — matrix; 2 — HepG2
cells. Xx100; ¢ — staining with hematoxylin and eosin; 1 — matrix; 2 — HepG2 cells. X200; d — Masson staining for collagen;
1 — HepG2 cells; 2 — collagen. x200

110



REGENERATIVE MEDICINE AND CELL TECHNOLOGIES

value for the samples obtained under static conditions
(1.2 + 0.1 mmol/L).

Thus, it has been shown that the cultivation of tissue-
specific matrix DFHL with hepatic HepG2 cells in a
bioreactor makes it possible to achieve a more uniform
recellularization of the matrix volume, increase meta-
bolic activity, and provide favorable conditions for cell
proliferation.

CONCLUSION

A protocol has been proposed for decellularization
of donor liver fragments, which makes it possible to
obtain a tissue-specific matrix free of cells and detritus,
with a low DNA content and preservation of the ECM
structure. The lack of cytotoxicity of DFHL and their
ability to maintain the adhesion and proliferation of MSC
HGT and tissue-specific HepG2 cells indicates the pos-
sibility of using the matrix in liver tissue engineering.
The advantage of DFHL matrix recellularization in a
flow-through bioreactor compared to DFHL cultivation
with HepG2 was shown.
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ACTIVATION OF REGENERATIVE PROCESSES IN THE LIVER
WHEN USING CELL-BONE MARROW TOTAL RNA
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Objective: to study the cellular mechanisms of activation of regenerative processes in the liver when using total
RNA (tRNA) of bone marrow cells (BMCs) based on an extended liver resection (ELR) model. Materials and
methods. Male Wistar rats (n = 80) with ELR model (70%) were divided into 2 groups: group 1 (control group)
had a single saline injection, while group 2 (experimental group) received a single tRNA injection at a 30 ug/100 g
dose of animal weight. The biochemical parameters of liver function and weight were monitored over time. Also
monitored were microstructural changes in hepatocytes 48 hours after ELR by examining mitotic activity, caspa-
se-9 expression and morphometric parameters. Results. It was found that in group 2, in comparison to group 1,
there was faster normalization of biochemical parameters (by 10—14 days), a higher mitotic index of hepatocytes
(23.45%o0 versus 5.37%o), and initially sharper decrease and then faster recovery of liver mass (by 10-12 days
versus 18-20 days). Both groups showed almost total expression of caspase-9, including in mitotically splitting
hepatocytes. Group 1 demonstrated decreased values of morphometric parameters of single and binuclear cells,
decreased number of binucleated hepatocytes and increased total density of hepatocytes as compared to the intact
liver. Intraperitoneal administration of tRNA increased morphometric parameters of mononuclear hepatocytes, did
not affect their number, but increased the area of the nuclei of binuclear hepatocytes as compared to the control
group. Conclusion. The proven capability of cell-bone marrow total RNA to simultaneously support apoptosis
in liver cells after ELR and induce mitotic activity indicates that tRNA can switch activated apoptosis to cell
proliferation at the early phase of the regenerative process. This effect may be due to the presence of regulatory
RNA molecules in tRNA, including numerous non-coding RNAs.

Keywords: bone marrow cells, total RNA, liver, experimental model, resection, regeneration.

INTRODUCTION

From recent publications, total RNA (tRNA) isolated
from bone marrow cells (BMC) is known to have an in-
ductive effect on the processes of regenerative regenera-
tion of organs [ 1], however, the mechanisms of triggering
its regulatory effect at the cellular level remain unclear.
Meanwhile, the choice of a strategy and the improvement
of'the tactics of using cellular products cannot be carried
out without considering the mechanisms involved in the
regeneration process.

According to established views, organ regeneration
occurs within the activation of an evolutionarily deve-
loped nonspecific adaptive syndrome (NAS) of cellular
systems, which already at the early stages of develop-
ment stimulates a complex of stereotypical adaptive
changes in cells aimed at survival by mobilizing their
own preserved reserves and the subsequent formation of
stable adaptation by including regenerative mechanisms
[2, 3]. When modeling 70% of hepatectomy, which has

become a classical model for studying regeneration pro-
cesses in the liver, it was shown that the ability of the
cellular system to ensure the self-correction is largely
dependent on the degree of activation in the cells of the
remaining parts of the liver of the earliest manifesta-
tions of the adaptation syndrome, such as autophagy and
apoptosis. The ability of the cellular system to ensure
the correction of its existence, to be sensitive to various
correcting factors, and to launch an effective regenerative
process largely depends on this [4-7].

The purpose of the present work is to study the dy-
namics of the formation of recovery processes in the
damaged liver after a single intraperitoneal injection
of BMC tRNA on an experimental model of extensive
resection of rat liver, monitoring quantitative changes
in specific indicators of liver function and nonspecific
substance (microstructural) changes in cells, which are
characteristics of development phases in them NAS.
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MATERIALS AND METHODS

All studies using laboratory animals were performed
in compliance with the bioethical principles approved by
the European Convention for the Protection of Vertebrate
Animals (2005).

The study was performed on 130 male Wistar rats
weighing 250-300 g, in 80 of which the ORP model was
reproduced [8], the rest of the rats were used to obtain
unsorted mononuclear BMCs and to isolate tRNA from
them. Before modeling RRP, the operated rats were anes-
thetized by inhalation with diethyl ether, then, following
the rules of asepsis and antiseptics, the abdominal cavity
was opened, the liver was removed into the wound, and
ligatures were sequentially applied to the bases of the
median, left lateral, and right upper lobes of the liver,
after which they were removed (70-75% of the total
liver mass). The operation was always performed in the
morning (from 10 am to 12 noon), when the daily rhythm
of mitotic activity of liver cells is minimal. In the early
postoperative period, the operated animals always deve-
loped a clinical picture of acute liver failure.

After ELR, all animals were divided into two groups;
group 1 — control (n = 40), in which rats were once int-
raperitoneally injected with 1.0—1.5 ml of saline; group
2 —experimental (n =40), in which, 3—5 hours after ORP,
total RNA (tRNA) isolated from the unsorted mononu-
clear BMC fraction of healthy donor rats was injected
once intraperitoneally at a dose of 30 pug/100 g of body
weight, dissolved in 1.0-1.5 ml of saline.

Total RNA from the BMC mononuclear fraction was
isolated with the ExtractRNA reagent (Evrogen (Russia)
according to the manufacturer’s instructions, which made
it possible to obtain about 148.5 + 22.3 pg RNA from
each 30-35 x 10° cells.

The dynamics of spontaneous restoration of hepatic
homeostasis in the body after ELR and the effect of tRNA
on this process were studied by measuring the content
of total protein and total bilirubin in blood serum in the
early postoperative period (within 14 days), as well as
the activity of hepatic cytolysis enzymes: alanine ami-
notransferase (ALT), aspartic aminotransferase (ASAT)
and alkaline phosphatase (ALP) — by standard methods
on a biochemical analyzer “Arik-test”, Germany. We also
investigated the rate of overcoming the critical mass of
the liver remnant and its restoration to its initial values
after ELR within 28 days. For this, in each operated
animal, immediately after ELR, the resected part of the
liver was weighed, which was taken as 70% of the total
liver weight, and then, based on these measurements, the
initial liver weight was calculated for each animal. Then,
at each study period, the remaining liver was explanted,
its weight was determined by weighing, and the obtained
values were compared with the calculated initial liver
weight for this animal.

The nature of the induction effect on the recovery
processes in the liver of critical injury during the crea-
tion of the ELR model (group 1) and the results of the
use of tRNA against the background of ELR (group 2)
were judged by quantitative assessment of changes in the
parameters of the microstructural state of liver cells. For
this, first of all, the mitotic activity of hepatocytes in the
liver remnant was investigated at 24, 36, 48 and 72 hours,
as well as on the 5th, 7th and 10th days after ELR in
groups | and 2. At the indicated time, the liver was ex-
cised and histological drugs; we stained tissue sections
with hematoxylin and eosin and determined in 30 fields
of view the number of mitotically dividing hepatocytes
in ppm (%o) and calculated the mitotic index (MI).

The morphometric assessment of the state of hepa-
tocytes was also carried out on liver sections stained
with hematoxylin and eosin. Using a Nikon Eclipse 50i
microscope equipped with a digital camera (Japan), mi-
crographs of liver sections were obtained at x400, on
which, using the ImageJ software package, the areas of
hepatocytes and their nuclei were measured with sub-
sequent calculation of the cytoplasm and binucleated
hepatocytes with the subsequent calculation of their
percentage and the number of cells per unit section area.

Since ELR is known to be a critical trauma and the
early stage of the regeneration process is always accom-
panied by the appearance of signs of cellular autophagy
[4, 5] and reversible cell death — reversible apoptosis
[6], 3 um thick liver sections were stained with rabbit
antibodies to the protein of the proteolytic cell system —
Caspase 9 (Abcam) at a dilution of 1:100 in PBS with the
addition of 0.1% Tween 20 and 5% BSA for immunohis-
tochemical detection of signs of reversible apoptosis of
hepatocytes in the early phase of the regeneration process
after 48 hours. Samples were washed and secondary an-
tibodies against rabbit IgG conjugated to HRP (Agilent
Dako) in PBS-T solution with 5% BSA were applied.
Then there was a staining with DAB (Abcam); the nuclei
were stained with Mayer’s hematoxylin (BioVitrum).
Microscopy of the samples was made with Nikon Eclipse
TE2000 optical microscope.

Statistical processing of the results was performed
in R software environment, the character of the distri-
bution of features was determined by Shapiro — Wilk
test. The significance of the differences in the studied
parameters in the two compared groups was assessed
using the Wilcoxon and Student t-tests, considering the
Holm-Bonferonni correction.

RESULTS AND DISCUSSION

Of the 80 rats in which ELR was modeled with the
development of acute liver failure, 6 animals died within
the first 5 days after liver resection, and the overall mor-
tality was 7.5%. All animals that died after ELR belonged
to control group 1 (no special therapy, n =40), and within
this group the mortality rate was 15%. In experimental
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group 2 (n = 40), there was no lethality during the entire
observation period.

The absence of lethality in experimental group 2 was
accompanied by an accelerated rate of restoration of
hepatic homeostasis in the body, which was expressed
in an earlier normalization of biochemical parameters of
liver function: the level of total protein, total bilirubin
and the activity of cytolytic enzymes in the blood serum.

Tables 1 and 2 show the results of a dynamic study
of the activities of AST, ALT, ALP, the level of total
bilirubin and total protein in the blood serum of rats
after modeling ELR in the control group (Table 1) and
the experimental group with the introduction of tRNA
(Table 2). In the control group, the cytolysis indices in the
surviving animals were sharply increased during the first
5 days after ELR, then they stabilized, and only starting
from the 7—10th day there was a clear tendency towards
their normalization. The indices of total protein within 2
and 3 days were sharply reduced compared to the initial
level and starting from 5—7 days the level of protein in
the blood serum gradually increased but did not reach the
initial values of the norm until the end of observations
(14 day). In the experimental group, where tRNA was
injected after ELR (Table 2), the cytolysis indices after
ELR remained stably high only for 1-3 days, but by the

5th day there was a clear decrease in the activity of all
studied liver enzymes in the rat blood serum. compared
with control (p < 0.05) at the same time. As a result, in
the experimental group with the introduction of tRNA,
the values of the studied parameters in the blood serum
approached the norm already on the 10th day and did
not differ from the initial values by the 14th day of ob-
servation, while in the control group, the normalization
of all the studied parameters did not occur even by the
14th day. -th day. A higher rate of recovery of hepatic
homeostasis indices in the body was accompanied in
the experimental group by a significant increase in the
activity of proliferative processes in the resected liver
after ELR compared with the control.

The study of the mitotic activity of hepatocytes in the
resected liver made it possible to establish its sharp acti-
vation 48 hours after modeling the ELR in both groups
1 and 2 compared with the baseline level: the initial
level of mitotic activity, assessed before liver resection
by the mitotic index ( MI) was 0.2—0.3%o (1-2 mitosis
per 30 fields of view). However, 48 hours after ELR,
the severity of MI activation in the study groups beca-
me different: in the 1st, control group, MI was 5.378%o
(there were 36 mitoses per 6693 cells), while in the 2nd,
experimental group, MI was 23.45%o (227 mitoses were

Table 1

Dynamics of changes in the levels of total protein, total bilirubin, and the activity of cytolysis enzymes
(AIAT, AsAT, and ALP) in blood serum after ELR and infusion of physiological saline (PS)

(control group, n = 40)

Observation time Group | (control, saline), n =40
(days) AsAT, U/L | AIAT, U/L AP, U/L Total bilirubin, uM/L Total protein, g/l
Initial values 58 £8.0 40+ 6.0 240 + 24 22407 98 £ 20
2 570 £ 29* 310 + 10* 1102 +£21* 10.2 +2.0* 21+ 16*
3 490 + 20* 320+ 21* 1009 + 29* 12.3+1.5*% 24+ 11%*
5 420 + 27* 290 + 18* 982 +22* 10.8 +1.3% 36+ 13*
7 360 + 24* 282 + 15%* 893 £ 24* 9.0+1.9* 41 +9.0*
10 199 + 22* 169 + 18* 560 + 24* 7.3+£2.0% 55+ 6.0%
14 100 £+ 14* 121 £ 13* 340 +20* 35+1.0 61+7.0
Note. * —p < 0.05 compared to baseline.
Table 2

Dynamics of changes in the content of total protein, total bilirubin and the activity of cytolysis enzymes
(AIAT, AsAT, and ALP) in the blood serum after ELR and infusion of tRNA at a dose of 30 ng/100 g
of animal weight (n = 40)

Observation time Group 2 (experimental, tRNA), n =40
(days) AsAT, U/L | AIAT, UL AP, U/L Total bilirubin, uM/L Total protein, g/l
Initial values 58+8.0 40£6.0 240 + 24 22+0.7 98 +20
2 423 £ 20* 276 £ 17* 987 + 30* 7.9+1.3* 48 + 10*
3 383 +28* 108 + 18* 632 £ 28* 6.5+1.2% 52 £9.0*
5 238 &+ 19** 78 £ 10* 460 + 32*" 5.1+ 1.1% 54 + 6.0*
7 115+ 11% 69 & 6.2*" 346 + 26*" 3.1+1.0" 60+7.0
10 82+ 12" 58 + 12" 257 + 15" 2.7+0.9 68 £ 8.0
14 66 + 7" 44 + 6" 230 + 14" 1.9+0.8 84 +12

Note. * —p < 0.05 compared to baseline; * — p < 0.05 compared to control at the same time.
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determined per 9678 cells, i. ., it was 5 times higher than
in the control group).

On the 3rd day after the ELR modeling, MI in the
study groups remained at a higher level compared to the
baseline but changed compared to 48 hours: in the 1st,
control group, MI decreased and amounted to 3.7%o, in
the 2nd, the experimental group MI also decreased and
amounted to 6.36%o. By the 5th day MI values in the 1st
and 2nd groups approached the initial level and did not
differ among themselves (Fig. 1).

From the obtained results of a comparative study of
the mitotic activity of hepatocytes in the two studied
groups, it follows that ELR itself induces the prolife-
rative activity of hepatocytes, and the introduction of
tRNA from BMC, already at an early stage, significantly
enhances the proliferative activity of cells.

Higher mitotic activity of hepatocytes in group 2
(administration of tRNA) was accompanied by a sig-
nificantly faster rate of liver weight recovery. In Fig. 2
shows the dynamics of liver weight recovery after ELR
in the control and experimental groups.

From the presented graph it follows that a higher rate
of liver weight recovery was noted in the experimental
group, in which, 3—5 hours after ELR and intraperitoneal
administration of tRNA, the recovery of liver weight
occurred by 10—12 days.

In the control group with intraperitoneal saline in-
jection, the restoration of liver mass occurred only on
the 18th—20th day after ELR. Thus, the results obtained
indicate that administration of tRNA at a dose of 30
ug/100 g of animal weight induces a more pronounced
activation of regeneration processes in the liver after
ELR. This can be explained by the fact that tRNA BMC
is a ready-made complex of signaling RNA molecules
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Fig. 1. Dynamics of changes in the mitotic index of hepato-
cytes in rat livers after ELR in the control (group 1 with the
introduction of PS) and experimental (group 2 with the intro-
duction of tRNA) groups. * — p < 0,05 compared to control
at the same period

of various classes, which is able to penetrate into various
cells freely and quickly, as well as be targeted by them
(and their exosomes), especially with the help of blood
mononuclear cells (lymphocytes) [9 ]. It is also impor-
tant to note that when studying the dynamics of liver
weight recovery after ELR in experiments with tRNA,
the weight of the resected liver in the early stages (by
day 2) was significantly less than the weight of the liver
in the control group (Fig. 2).

Ifto consider the known facts that the process of liver
regeneration after ELR at an early stage is accompanied
by the phenomena of cellular autophagy [4, 5] and incre-

7 10 14 18 22
Days
== Group 2

Fig. 2. Dynamics of the initial mass restoration of rat livers after ELR in the control (group 1 with the introduction of PS) and
experimental (group 2 with the introduction of tRNA) groups. * — p < 0,05 compared to control at the same period
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ased signs of reversible and even irreversible apoptosis of
hepatocytes [6], the results obtained suggest that tRNA
accelerates the process of restorative regeneration liver in
comparison with the control due to a sharper and earlier
(apparently, already within 1 day) and longer (within 2
days) intensification of manifestations of mobilization
and consumption of its own cellular reserves (increased
autophagy and apoptosis) with the development of NAS
and the recovery process as a result of the combined
effect on liver cells of two factors: ELR and tRNA.
Indeed, a comparative immunohistochemical study of
Caspase-9 activity, an indicator of reversible apoptosis
in liver cells of the control and experimental groups 48
h after ELR, i. e., at the height of activation of mitotic
activity of hepatocytes, showed (Fig. 3, a and b) that both
in the control and experimental groups, the process of
reversible apoptosis was induced in more than 90% of
hepatocytes. The study of Caspase-9 expression in liver
cells of intact animals did not reveal the presence of this
marker in them. The data obtained indicate an almost
total activation in liver cells after ELR of adaptive-de-
pendent apoptosis in the two study groups. However, in
contrast to the control group, in the experimental group,
the administration of tRNA led to a distinct increase in
the mitotic activity of hepatocytes. This effect was also
observed for hepatocytes, which emerged from the state
of reversible apoptosis, since in mitotically dividing he-
patocytes, the chromogen-stained substrate was washed
out of the dividing nucleus and passed into the cytoplasm
(Fig. 3, b). The results obtained indicate that the tRNA
introduced into the body against the background of ELR,
apparently, acts within the framework of the nonspecific
adaptive syndrome of cellular systems as an adequate
adaptogen, which turns on and optimizes the survival
reserves of cells, switching evolutionarily programmed
regulatory mechanisms in them from apoptosis to cell
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proliferation. The latter is possible if, in the early sta-
ges after ELR, the signals of apoptosis and proliferation
in liver cells are in a co-activated state. According to
M. Gazizov et al. [6], the intersection point of these
signals can be the factors STAT-3 and NFK-f, with a
significant increase in the levels and activities of which
cells suppress apoptosis by expressing antiapoptotic pro-
teins Bcl-2, Bel-x1, HSP-70, GO-phases and enter into
proliferation. The possibility of cell transition from the
state of apoptosis to the phase of proliferation was also
shown in [10].

It is known that the development of apoptosis is cha-
racterized by the occurrence of certain changes in the
morphology of cells (the nucleus and cytoplasm decre-
ase in size, condense without disrupting the structural
integrity of cell membranes and the development of in-
flammation). To prove the development of adaptation-
dependent apoptosis of liver cells in the early stages after
ELR and active switching of cells from the proapoptotic
pathway to the pathway of proliferation and regenerative
regeneration using tRNA, a comparative morphometry
of hepatocytes in the liver of rats from the control and
experimental groups was carried out 48 hours after ELR,
i. e. That is, at the time of maximum mitotic activity
of hepatocytes. The results of the morphometric study
of hepatocytes in the control and experimental groups,
without and with the introduction of tRNA in compa-
rison with intact animals (without ELR), are presen-
ted in Table 3 and 4. In the liver of rats of the control
group, significant changes in the cytometric parameters
of mononuclear and binuclear hepatocytes are obser-
ved. Thus, post-resection changes after 48 hours were
characterized by a decrease in the areas of mononuclear
hepatocytes, their nuclei and cytoplasm by 30.2; 34.0;
29.9%, respectively, and a decrease in these indicators
for binuclear hepatocytes by 20.5; 35.0; 23.4% compared
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Fig. 3. Immunohistochemical investigation of Caspase-9 activity in hepatocytes in 48 hours after ELR in the control group
with infusion of physiological saline (a) and in the experimental group with infusion of tRNA of BMCs (b). x40. Cells in the

mitosis phase are indicated by circles
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Table 3

Changes in the cytometric indices of single- and double-nuclear hepatocytes in 48 hours after ELR without
and with infusion of tRNA of BMCs (Me (Q1; Q2)) (median (25th, 75th percentiles)

Group Intact

Parameter

Control group, saline

Experimental group, tRNA

Indicators of mononuclear hepatocytes

Cell area, um® 318.7 (268.5; 378.4)

222.4 (174.1; 281.2)'

272.7 (219.4; 336.2)*

Nucleus area, um® 55.8 (50.0; 75.7)

36.8 (30.4; 41.9)'

45.6 (38.2; 52.2)*

Cytoplasm area, um’ 262.6 (213.5; 309.4)

184.1 (141.6; 239.5)'

228.9 (179.7; 287.8)*

Indicators of binuclear hepatocytes

Cell area, um® 420.1 (376.0; 489.2)

333.9 (279.0; 376.2)"

355.6 (293.0; 439.5)

Nucleus area, pm? 100.1 (90.6; 108.9)

65.0 (53.5; 74.9)'

75.4 (60.2; 90.0)*

Cytoplasm area, um’ 321.0 (286.0; 382.1)

261.1 (226.6; 307.5)'

276.8 (231.2; 341.8)

Note. ' — the differences are significant (p < 0.01) compared with the intact group; * — the differences are significant (p < 0.01)
compared to the control group of rats with ELR; area — average area.

Table 4

Change in the total number of hepatocytes per unit area and the percent of single- and double-nuclear
cells in 48 hours after ELR without and with infusion of tRNA (M £+ m)

Group Intact Control group, saline Experimental group, tRNA
Parameter
Total number of cells per 50000 pm? 78.4+£4.9 100.8 £9.2! 952+5.7
Mononuclear cells, % 87.43 £0.95 92.70 £ 0.75' 91.81+0.40
Binuclear cells, % 12.57 £0.95 7.30 £ 0.75' 8.19+0.40

Note. ' — differences are significant (p < 0.01) compared with an intact group.

with hepatocytes in the liver of an intact group of rats.
There was also a statistically significant decrease in the
number of binucleated hepatocytes by 5.27% against the
background of an increase in the total number of cells
per unit area by 27.3% (Table 4).

For the liver of the experimental group, intraperitone-
al administration of tRNA led to a change in all investiga-
ted cytometric parameters of mononuclear hepatocytes,
and to a lesser extent influenced the parameters of binuc-
lear hepatocytes. Thus, with the introduction of tRNA, an
increase in the areas of mononuclear hepatocytes, their
nuclei and cytoplasm were observed by 22.6; 23.9 and
24.3%, respectively, compared with the control group.
At the same time, no changes were found in the number
of binuclear cells (Table 4), but an increase in the area
of the nuclei of binuclear hepatocytes was observed by
15.5% in comparison with the control group (Table 3).

The results of morphocytometry of hepatocytes 48
hours after ELR in the control group suggest that under
conditions of almost total activation of Caspase-9 (more
than 90% of hepatocytes) and not a pronounced incre-
ase in the proliferative activity of hepatocytes (mitotic
index — 5.37%o), an increase in cell density, as well as a
general decrease in the areas of hepatocytes, their nuc-
lei, and cytoplasm indicates, first of all, a predominant
increase in the processes of autophagy and reversible
apoptosis in liver cells in the early stages after ELR. The
observed decrease in the number of binucleated cells in
the liver of the control group of rats may be associated
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with their division and the formation of mononuclear
cells [11].

Administration of BMC tRNA 48 hours after ELR
retains the high level of Caspase-9 activity in hepatocy-
tes unchanged. There is a sharper decrease in the mass
of the resected liver at this time in comparison with the
control group as a result of stress effects of ELR and
tRNA. At the same time, in the liver, the mitotic activity
of hepatocytes sharply increases (MI = 23.45%o) and a
reliable recovery of morphometric parameters begins
(an increase in the areas of nuclei, cells, and cytoplasm
in comparison with the control group) of predominantly
mononuclear hepatocytes, which, apparently, are capable
of more more actively than binuclear hepatocytes, to
proliferate and hypertrophy in critical situations. At the
same time, the persisting higher cell density per unit area
against the background of the use of tRNA also indicates
the continuing apoptosis of cells during the study period.

The property of tRNA proved on the experimental
model of ELR to simultaneously maintain apoptosis pro-
cesses in liver cells and induces mitotic activity in them
indicates that tRNA is able to switch activated apoptosis
to cell proliferation at the early phase of the regenera-
tion process. The observed effect is most likely due to
the presence of regulatory RNA molecules, including
numerous protein-noncoding RNAs [12—14], which are
actively involved in regeneration processes and are part
of the BMC tRNA.
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CONCLUSION

The results obtained allow us to conclude that tRNA,
used for the induction of recovery processes in the liver,
promotes at the cellular level the activation of early ma-
nifestations of the evolutionarily developed nonspecific
adaptive mechanism of cell survival, while simultane-
ously supporting signaling pathways in them, apoptosis,
and proliferation in a co-activated state and also induces
the transition of cells from adaptive-dependent apoptosis
to proliferation by expressing anti-apoptotic proteins, the
genes of which are the targets of numerous regulatory
RNA molecules that make up BMC tRNA.

The authors of the article are deeply grateful to Ly-
undup Aleksey Valerievich, Med., Cand., for his assis-
tance in organizing immunohistochemical studies of the
liver and participation in the discussion of the materials
received.
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3D ANALYSIS OF THE MICRO- AND NANOSTRUCTURE OF LUNG
TISSUE BY SCANNING PROBE NANOTOMOGRAPHY

A.E. Efimov, O.1. Agapova, L.A. Safonova, M.M. Bobrova, I.I. Agapov
Shumakov National Medical Research Center of Transplantology and Artificial Organs, Moscow,

Russian Federation

Objective: to analyze the 3D micro- and nanostructure and quantitative morphological parameters of rat lung
tissue. Materials and methods. Wistar rat lung tissue samples were obtained for the study. The 3D structure
of the lung tissue was studied via scanning probe nanotomography using an experimental setup combining an
ultramicrotome and a scanning probe microscope. Results. Nanoscale images and 3D nanotomographic recon-
structions of the interalveolar septal sections of the rat lung were obtained. Morphological parameters (average
roughness and specific effective area) of the interalveolar septal surface were determined. It was found that
the average roughness of the reconstructed septal surface was 345.4 + 24.5 nm, and the specific effective area
was 2.7 + 0.2 units. Conclusions. Results obtained demonstrate that scanning probe nanotomography allows
to quantify lung morphology. The use of scanning probe nanotomography for 3D analysis of the structure and
characteristics of lung tissue will increase the efficiency of future developments on creation of new criteria for

diagnosing pathological conditions.

Keywords: lung, alveolus, interalveolar septum, scanning probe microscopy, nanotomography.

INTRODUCTION

The development of methods for microscopic studies
of the three-dimensional nanostructure of cells and tissu-
es is extremely important for understanding the structural
and molecular mechanisms responsible for their functio-
nality and the timely detection of pathological changes.
Thus, modern methods of studying the three-dimensional
micro- and nanostructure of biological objects are of
great importance, in particular, such high-resolution mi-
croscopy methods as scanning probe microscopy (SPM)
and scanning electron microscopy with a focused ion
beam (SEM/FIB) [1, 2].

Studies using SEM/FIP made it possible to recon-
struct the three-dimensional organization of alveoli in
mouse lung tissue [3] and myofibrils, T-tubules, sarco-
plasmic reticulum and mitochondria in myocytes [4, 5].
The recent discovery of interconnected networks of mi-
tochondria in muscle cells [6] convincingly proves that
nanotomography techniques can effectively investigate
three-dimensional relationships between cell organelles,
compartments, and systems. These structures are almost
impossible to fully characterize using conventional mi-
croscopic techniques, which only provide two-dimensi-
onal images and projections of cellular structures. How-
ever, SEM/FIB cannot be called the optimal method for
the analysis of biological objects, since the used electron
and ion beams can cause undesirable damage to the sur-
face structure, and the contrast and resolution on SEM
images of samples after exposure to an ion beam can be
reduced [1, 2, 7, 8].

The physical principles of SPM imaging are funda-
mentally different from the principles of both optical
and electron microscopy [9—-11]. In the case of SPM,
raster images of the topography and distributions of the
physical properties of the sample surface are construc-
ted by analyzing the features of the physical interaction
of the ultra-sharp probe (cantilever) with the scanned
surface. The integration of the technique for obtaining
ultrathin sample sections (ultramicrotomy) with SPM
methods within the framework of a single instrument
complex makes it possible to implement the scanning
probe nanotomography (SPN) technology [2]. Compu-
ter processing of a series of sequential SPM images of
the sample surface obtained immediately after ultrathin
sections makes it possible, using specialized software,
to perform three-dimensional reconstruction of the mic-
ro- and nanostructure of the samples under study, which
makes it possible to apply any SPM techniques for the
tasks of three-dimensional analysis. Thus, the analysis of
three-dimensional structures of tissues of various organs
by the SPN method makes it possible to obtain unique
information about their nanoscale organization, which
is inaccessible to other methods. It is also important that
the analysis of three-dimensional SPN-reconstructions
of biological objects and materials makes it possible to
quantitatively evaluate such important parameters of
their nanomorphology as micro- and nanoporosity [12],
effective surface area and roughness, surface area to
volume ratio [13].
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The progress of SPN technology as applied to the
study of organs and tissues may allow the development
of new methods and criteria for diagnosing the state of
organs of donors and patients for the tasks of modern
transplantology. This paper presents studies of three-
dimensional structures of rat lung tissue using SPN me-
thods.

MATERIALS AND METHODS

Preparation of rat lung tissue samples for scanning
probe nanotomography

Male Wistar rats (250-350 g weight) were used in
the experiments. The operation with the animals was
carried out under inhalation ether anesthesia. The rat was
placed belly up on the operating table and the legs were
straightened. The skin on the abdomen was pulled with
tweezers, and a longitudinal skin incision was made on
the midline of the abdominal side of the body from the
genital opening to the sternum with scissors. The skin
was turned away and secured. Then the chest cavity was
opened, the lungs were taken, cutting off the trachea
and arteries. After sampling, the lungs were placed in a
sodium phosphate buffer solution (pH = 7.4) and washed
from blood.

For preparation for SPN, fragments of lung tissue
3 x 3 mm in size were excised with a scalpel. Then, to
fix the obtained samples, the fragments were placed in
a 2.5% solution of glutaraldehyde in sodium phosphate
buffer (pH = 7.4) and incubated for 2 hours in the dark
at + 4 °C. Then there were three washes of the samples
in sodium phosphate buffer for 10 minutes. After that,
the samples were dehydrated by wiring through alcohols
with increasing concentration by the following pattern:
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.

Next, the samples were washed three times in pro-
pylene oxide for 10 minutes each, and then incubated
in a mixture of propylene oxide and epoxy resin in a
1:1 ratio for 30 minutes, after which the samples were
transferred into a mixture of propylene oxide 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 24 hours, after which the
incubation was continued for 48 h at 60 °C.

To fill the samples, an epoxy medium (Epoxy Embed-
ding Medium, Sigma-Aldrich, cat. No. 45345) was used,
mixed with an equal weight of the embedding medium
hardener (dodecenyl succinic anhydride, Sigma-Aldrich,
USA, cat. No. 45346) and 4% by weight DMP-30 (Sig-
ma-Aldrich, USA, cat # 45348).

Scanning probe nanotomography of rat lung
tissue samples

Ntegra Tomo experimental device was used to study
samples of rat lung tissue by SPN methods. This complex
allows for sequential SPM measurements of the sample
surface immediately after cutting with an ultramicroto-
me. Consecutive sections of a 60 nm thick sample were
made using a Diatome Ultra AFM 35 diamond knife
(Diatome AG, Switzerland) with a cutting-edge width
of 2.0 mm.

SPM measurements were performed in the semicon-
tact mode at a scanning speed of 1.0 Hz using NSG10
silicon cantilever probes (NT-MDT, Moscow) with a
resonance frequency of 240 kHz and a tip curvature ra-
dius of <10 nm. Primary image processing was carried
out using the Nova ImageAnalysis 1.0.26.1443 software
(NT-MDT, Moscow), three-dimensional tomographic
reconstructions of the lung structure were obtained using
the ImagePro Plus 6.0 software (Media Cybernetics,
Inc, USA).

Calculation of morphological parameters
of 3D surfaces

Analysis of the surfaces reconstructed by the SPN
method using the ImagePro Plus 6.0 software (Media
Cybernetics, Inc, USA) allows one to determine and ana-
lyze the nanoscale parameters of these surfaces, such as
the average roughness R, and the effective surface area .

To calculate these parameters, the reconstructed
surface is considered as a two-dimensional data array
(values of heights Z) of size N x M, where N and M are
the number of columns and rows, respectively. Before
calculations, a first-order surface (plane) is subtracted
from the surface, which corresponds to the elimination
of the slope.

Average surface roughness R, is calculated as the ave-
rage value of the modulus of the deviation of the height
of the array points from the average height:

{1 N M
Ro= 322> D 12~ (2}, (M)
i=1j=1
where Z, ; — the height value at a point in the array (z, /),
(Z) — average height Z, averaged over the entire array:

1 N M
@)= > 7, @

i=1j=1
Effective surface area o is calculated as the ratio of
the surface area to the area of its two-dimensional projec-
tion onto the plane. This parameter determines the degree
of surface development [ 14]. Reconstructed surface area
S is calculated using the triangulation method as a sum
over an array of elementary areas s, ; of the surfaces of
unit cells between 4 adjacent points of the array (i, ), (i +
1,/), (i, j+1),(+1,j+1). When using the triangulation
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Fig. 1. SPM topography image of surface areas of rat lung tissue after ultramicrotome section: a— SPM image of region of res-
piratory lung area, scan size 65x65 pum, height variation 18 nm, scale bar 10 um; 6 — SPM image of region of alveolar septum,
scan size 15%15 um, height variation 48 nm, scale bar 2 um; 1 — areas of alveolus; 2 — areas of alveolar septum

method to calculate the elementary area, the midpoint
is also entered with height(Z, )= (Z, ,+ Z,., ;+ Z, ;.| +

Z; . ;+1)/4 and effective coordinates i+ 12,5+ 1/2),
and the elementary area is calculated as the area of four
triangles, each of which is formed by adjacent unit cell
vertices and a midpoint. So, for example, the area of a
triangle formed by points (i, j), (i + 1, ) and the midpoint

is given by:

2
d,d, 1+(Z Z]H) N (2(2,-,]) Z; -7 ,+1> ®

4 d, d,

where d, n d, — physical dimensions of pixels along the
corresponding axes. Since we are using a surface re-
constructed by the SPN method, in our case d, will be
determined by the pixel resolution of the SPM measure-
ment, and d, - by the slice thickness between successive
SPM measurements. Accordingly, the effective surface

area will be set as
N M
Zzs,, @

lj=

NdM

—_

RESULTS AND DISCUSSION

Fig. 1, a, shows an example of the obtained SPM
image (65 x 65 um) of a section of the respiratory part
of the lung. In this image, one can distinguish areas of
bubbles with sizes of about 20-30 pm and nanostruc-
tured interalveolar septa with a width of 10-20 um. In
Fig. 2 shows an SPM image (15 x 15 um) of a portion
of the interalveolar septum between two regions of the
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Fig. 2. SPM topography image of surface of alveolar sep-
tum surface folding; scan size 2.5%2.5 um, height variation
13 nm, scale bar 500 nm

bubbles. This image shows that the interalveolar septum
has a complex nanoscale morphology and a pronounced
nanostructure. The topology and morphological parame-
ters of the septa are of great importance for the functio-
nality of the alveoli and the efficiency of gas exchange
processes [15, 16].
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Fig. 3. SPM topography image of the surface of a region of
alveolar septum border with a alveolus; scan size 16x16 pum,
height variation 24 nm, scale bar 2 pm

The SPN technology used makes it possible to study
the nanoscale features of the surface of the interalveolar
septum with high resolution. In Fig. 2 shows an enlarged
image (2.5 x 2.5 um) of a section of the folds of the
surface of the interalveolar septum, characterized by a
complex shape and nanostructure and surrounded by a
surfactant film.

Also, the most important advantage of the SPN me-
thod is the possibility of three-dimensional reconstruc-
tion of tissue structures, in particular, the surface of the
septum. In Fig. 3 shows an SPM image of a fragment
of the region of the interface of the interalveolar septum
with a bubble (16 X 16 um), which has a complex mor-
phology. To assess the three-dimensional morphology
of the interalveolar septum, a three-dimensional recon-
struction of this area was performed using the SPN me-
thod. For this, 10 successive sections of a sample with a
thickness of 120 nm were made, and 10 successive SPM
images of a 16 x 16 um surface area were obtained. The
resulting visualization of the three-dimensional surface
is shown in Fig. 4.

It should be noted that the complex morphology of
the surface of the interalveolar septum is characterized
by a significant increase in the effective area. Specialized
software used for visualization of three-dimensional re-
constructions makes it possible to determine both the
surface roughness of the partition Ra and the specific
effective area of its surface o, calculated as the ratio of
the area of the three-dimensional surface to the area of
its projection onto the plane. For the three-dimensional
reconstruction we have obtained, the value of the specific

Fig. 4. SPNT three-dimensional reconstruction of a fragment
of surface of the alveolar septum: reconstructed volume
16x16x1.2 um, section thickness 120 nm

Fig. 5. SPM topography image of the surface area of an inner
alveolus; scan size 5.5%5.5 pm, height variation 17 nm, scale
bar 500 nm

effective area o is 2.7 + 0.2, which indicates a high de-
gree of surface development. The nanoroughness of the
reconstructed three-dimensional surface Ra is 345.4 +
24.5 nm.

Interestingly, the surface of the interalveolar septum
often forms bends and folds, resulting in the formation
of internal vesicles or sacs several microns in size with
a narrow entrance slit. An example of an image of such
a structure is shown in Fig. 5. Note that the width of the
air “neck” of this inner bubble is about 120 nm, and the
surface of the partition in the inner region thickens and
has a heterogeneous structure. These structures are asso-
ciated with the processes of gas exchange in the alveoli.

The developed technique for studying the nanos-
cale structures of the alveoli with the scanning probe
nanotomography is applicable to solving a number of
problems in structural biology, for example, the urgent
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problem of studying the three-dimensional organization
of interalveolar septa and determining their quantitative
morphological parameters at the nanoscale.

CONCLUSION

In the present work, studies of the nanostructural
features of rat lung tissue were carried out using the
SPN method. 3D reconstruction of the surface of the
interalveolar septum in rat lung tissue was obtained. It is
shown that the complex three-dimensional morphology
of its surface is characterized by a significant increase
in the effective surface area of the partition. The specific
effective surface area ¢ of the reconstructed section of
the interalveolar septum is 2.7 + 0.2, which indicates a
high degree of surface development.

SPN technology allows obtaining unique information
about the relationship between nanoscale features of the
structure and functional activity of cells and tissues.
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President of the Russian Federation for state support
of leading scientific schools of the Russian Federation
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INFLUENCE OF MICROEMULSION COMPONENTS
ON TRANSDERMAL DELIVERY OF IMMUNOMODULATOR
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This paper demonstrates a chemical way of enhancing transdermal delivery using immunomodulator glucosami-
nylmuramyl dipeptide (GMDP) as an example. Objective: to study in vitro the effect of various components of the
microemulsion composition on GMDP diffusion through the skin from a transdermal therapeutic system (TTS).
Materials and methods. Medicinal substance — glucosaminylmuramyl dipeptide (Peptek, Russia). Excipients
and raw materials: sodium chloride, purified water, sodium dodecyl sulfate, docusate sodium, oak bark, apricot
kernel oil, alpha-tocopheryl acetate and Decaglyn PR-20 emulsifier. Equipment: Heidolph DIAX 900 mechanical
disperser (Germany) and Hielscher UIS250V ultrasonic homogenizer (Germany). GMDP diffusion from TTS
through unpreserved rabbit skin was studied on diffusion tester Copley (UK). GMDP in aqueous solutions was
determined by reversed-phase high-performance liquid chromatography (RP-HPLC) on an Agilent 1200 chro-
matography system (Agilent Technologies, USA). Results. A microemulsion system composed of 20% docusate
sodium in an oil phase and an oak bark decoction as an aqueous phase was developed. This made it possible to
increase GMDP transdermal delivery by ~70% in comparison with the basic composition. Conclusion. The cha-
racteristic parameters of microemulsion components of GMDP contained in TTS, influencing GMDP diffusion
through unpreserved rabbit skin in vitro, were determined. Introducing relative indicators would be advisable in

order to correctly evaluate the results of different series of in vitro experiments with biological objects.

Keywords: transdermal therapeutic system, microemulsion, immunomodulator, drug diffusion.

INTRODUCTION

Currently, 74% of all drugs are administered orally,
but such a dosage form often does not have sufficient
efficacy due to low bioavailability. To increase it, intact
skin can be used as a route of administration, which
requires the creation of an appropriate dosage form, na-
mely the transdermal therapeutic system (TTS) [1].

The major problem in the development of transdermal
delivery systems is overcoming the medicinal substance
(MS) of the skin barrier, and mainly the stratum corneum.
Researchers use various chemical, physical, or combined
approaches to increase cutaneous absorption and percu-
taneous diffusion, the choice of which is determined by
the characteristic properties of MS [1, 2].

Physical methods always imply the use of a device,
which makes this method of enhancing skin permeability
expensive and not always convenient for the patient to
use [2].

The essence of the chemical method is either modify-
ing the MS molecules or introducing transfer activators

into the TTS, which can directly affect the skin structure.
They are often administered as part of complex formu-
lations, such as micro- and nanoemulsions, biphasic ve-
sicles, spheroid particles, or liposomes [3].

In our opinion, the most effective of the above che-
mical methods for enhancing transdermal MS delivery
include nano- and microemulsions due to the possibility
of a wide selection of transfer activators for a specific
drug substance, ease of manufacture, and low cost. In
addition, the submicron size of the dispersed phase and
the high sorption capacity of microemulsions make it
possible to achieve a noticeable increase in the diffusion
of some MS through the skin. When MS is introduced
into emulsions, in some cases it becomes possible to
avoid hydrolysis, decomposition and oxidation of the
introduced substances [4]. Also, when using them, it is
possible to prevent skin irritation, which is sometimes
observed upon contact with an active substance [4—7].
We have proved the prospects of using microemulsion
compositions when creating TTS with such medicinal
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substances as insulin, bromocaine, caffeine, and others
[8—10]. The choice of components and their ratio in the
microemulsion composition depends on the nature of the
drug substance [5, 6, 11].

The range of drugs that can be used in the form of
TTS using microemulsions is quite wide. The greatest
interest in recent years is represented by drugs from the
pharmacological group of immunomodulating agents.
Delivery of an immunomodulator (MI) in the form of
TTS, if it is necessary to maintain its constant concen-
tration in the blood, can be relevant for a number of
patients: children, people with difficulty chewing and
swallowing, bedridden patients, including those in seri-
ous condition with infectious diseases.

Glucosaminylmuramyl dipeptide (GMDP), a synthe-
tic analogue of the structural fragment of the membrane
(peptidoglycan) of bacterial cells, is an activator of innate
and acquired immunity, enhances the body’s defense
against viral, bacterial and fungal infections, and has an
adjuvant effect in the development of immunological
reactions [12].

In Russia, the drug with GMDP is produced only
in the form of tablets under the trade name Likopid®
(registration certificate No. LS-001438) [13]. The high
efficiency and safety of GMDP use, confirmed by the
results of clinical trials [ 14], determine the prospects for
the development of its new dosage forms, including the
transdermal therapeutic system.

When developing the composition of multicompo-
nent microemulsions, a necessary stage is a comparative
analysis of the contribution of the main components of
the emulsion composition to the percutaneous transfer
of a particular MS.

The purpose of this work is to study in vitro the effect
of various components of the microemulsion composi-
tion on the diffusion of GMDP through the skin from a
transdermal therapeutic system.

MATERIALS AND METHODS

When developing various formulations of emulsion
compositions for TTS, excipients were used that were
approved for medical use and that meet the requirements
of the current regulatory documentation.

Glucosaminylmuramyl dipeptide (C,sH,;N;O,;) pro-
duced by JSC Peptek, Russia was taken as a drug sub-
stance.

For the production of microemulsion purified water
(FS 42-2620-97, distiller DE-10 and filter “MILLIPO-
RE SIMPAKOR 17); 0.9% sodium chloride solution
(solution for infusion of JSC NPK ESCOM); sodium
dodecyl sulfate (CAS 151-21-3, Appli Chem Panreac,
Spain); oak bark (Krasnogorskleksredstva JSC, Rus-
sia); apricot kernel oil (CAS 72869-69-3, Desert Whale
Jojoba Company Ltd., USA); sodium docusate (DNS)
(D4422-50G, Sigma, USA); alpha-tocopherol acetate
(Customer Product # 4904352421, BASF SE, Germany);

emulsifier NIKKOL Decaglyn PR-20 (CAS 29894-35-7,
Nikko Chemicals Co., Ltd, Japan) were used.

The sorbing layer of the dressing (PALV-01, Palma
Group, Russia) served as a depot of the microemulsion
composition in the transdermal therapeutic system, and
the Skotchpak film (97303M, USA) served as a water-
proof protective base.

The following reagents were used to determine
GMDP by the HELC method: acetonitrile (for UHPLC,
AppliChem GmbH — AnITWCompany, Germany); po-
tassium hydrogen phosphate (extra pure, Scharlab S.L.,
Spain); potassium dihydrogen phosphate (extra pure,
Scharlab S.L., Spain).

Equipment used: analytical balance (GH-200 AND,
Japan); magnetic stirrer with heating (IKA, Germany);
mechanical submersible disperser (T18 basic Ultra-
Turrax IKA-WERKE Gmbh & Co. Kg, Germany); ult-
rasonic homogenizer (UIS 250V Heilscher, Germany);
drug diffusion analyzer (HDT 1000 Copley Scientific
Ltd., UK); dispersion analyzer (LUMi Sizer, Germany);
spectrophotometer (UV-2600 Shimadzu, Japan); mois-
ture analyzer (MX-50 AND, Japan); chromatographic
system (1200 Agilent Technologies, USA).

Production of laboratory GMDP TTS samples

The manufacture of laboratory samples of micro-
emulsion TTS GMDP was carried out according to the
previously developed method [8]. Each 1 cm® TTS con-
tained 0.1 g of microemulsion composition.

Preparation of oak bark decoction

5 g sample of oak bark was placed in a 200 ml conical
flask and 100 ml of purified water was poured, then hea-
ted to 90 °C in a water bath for 30 minutes. Thereafter,
it was cooled to room temperature over 1 hour. Then
the broth was poured into a 100 ml volumetric flask
through filter paper and the volume was brought up to
the mark with purified water. In a volumetric flask with
a volume of 100 ml was placed 10 ml of a decoction of
oak bark and the volume was brought up to the mark
with purified water.

Determination of moisture content in oak
bark

Moisture content of oak bark was determined in ac-
cordance with the requirements of GPM 1.5.3.0007.15
“Determination of the moisture content of medicinal
plants and herbal medicinal products” with a moisture
analyzer. The moisture content  of raw materials in
percent was calculated by the formula:

W (m —my) x 100,
m
where m — mass before drying, g; m, — mass after dry-

ing, g.
The moisture content of raw was (8.2 +0.8)%, n=>5.
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Determination of tannins content in oak bark cxV

. o= % 100%,
concoction M

The content of tannins in plant raw was determined
by spectrophotometry at 277 nm wavelength (Guidelines
for quality control methods and safety of biologically
active food additives. Guidelines. R 4.1.1672-03, 2004).
An aliquot of the decoction of oak bark, equal to 1 ml,
was placed in a 50 ml volumetric flask and made up to
the mark with purified water. Purified water was used as
a reference solution. The total content of tannins in the
bark of oak X,% in terms of gallic acid was calculated
by the formula:

Dy x V7 x ¥V, x100%

Dy x V3 xm % (100% — W) x 1000’
where D, — optical density of the test solution; D, — op-
tical density of a solution of gallic acid with 1 mg/ml
(0.508) concentration; m — weight of raw sample, g;
V| — total volume of aqueous extract, 100 ml; V, — flask
volume at dilution, 50 ml; V; — aliquot volume, 1 ml;
W — raw moisture, %.

X

Research methods for emulsion compositions

The particle size of the microemulsion composition
with GMDP by the time of its separation were determi-
ned with a dispersion analyzer in infrared light (865 nm)
at 40 °C. Light transmission profiles were recorded every
600 seconds at a rotor speed of 4000 rpm, the light factor
was chosen equal to 3.

Laboratory animals

In in vitro experiments to study the diffusion of the
immunomodulator from TTS, the skin of male New
Zealand White rabbits was used, weighing 2-2.5 kg,
obtained from the laboratory animal nursery of Krollnfo
LLC. All manipulations with animals were carried out in
accordance with the rules adopted by the European Con-
vention for the Protection of Vertebrate Animals Used for
Experimental and other Scientific Purposes (ETS 123)
Strasbourg, 1986).

In vitro study of medical substance diffusion
through skin

After euthanasia of an animal, the skin flap was taken
from the abdomen with previously removed hair cover.

The dynamics of the release of GMDP from TTS was
studied in Franz glass diffusion cells according to the
standard technique [9]. The duration of the experiments
was 24 hours. Samples of GMDP aqueous solutions ta-
ken during the experiment from the receiving chambers
of the diffusion cells were studied by the HELC method.

The amount of MS passing through unconserved rab-
bit skin from the TTS contact area (o) was calculated
as follows:

where C — GMDP concentration in the receiving cham-
ber of the Franz diffusion cell, mg/ml; V'— diffusion cell
receiving chamber volume, ml; M — GMDP content in
TTS in the contact area, mg.

The rate of transdermal MS diffusion can be very dif-
ferent in laboratory animals, even in the same litter, due
to the different thickness and density of the skin flap. In
this regard, a comparative analysis of the effect of diffe-
rent compositions of the microemulsion composition for
TTS on the percutaneous transfer of MS is expedient to
be carried out in relative units. The relative amount (7,
j) was calculated using the following formula:

0) .
Opel(i j) = aji,

where i, j — microemulsion composition numbers
(Table 2).

HELC method for study of aqueous GMDP
solutions

Earlier, the authors developed a method for the quan-
titative determination of glucosaminylmuramyldipeptide
in aqueous solutions by the method of reverse phase
HELC [12].

Chromatographic separation was carried out in an
isocratic mode on a MediterraneaSeal8 column 15 x
0.4 cm, 5 pm (Teknokroma Analitica SA, Spain), with
an 8 X 4 mm guard column filled with the same sorbent.
The temperature of the column thermostat is —25 °C.
The volume of the injected sample is 10 pl. The mobile
phase is a mixture of acetonitrile: 25 mM phosphate buf-
fer solution (3:97), pH 7.3. A phosphate buffer solution
was prepared by mixing 25 mM K,HPO, solution with
25 mM KH,PO, solution in a ratio of 80:20. The eluent
was prefiltered and degassed on a vacuum filtration de-
vice. The flow rate of the mobile phase is 0.7 ml/min.
Detection was carried out at a wavelength of 200 nm,
corresponding to the absorption maximum of GMDP.
The chromatography time was 10 min, the retention time
of the GMDP anomers was about 3.3 and 4.9 min.

Registration and processing of chromatographic data
were performed with ChemStation software (Agilent
Technologies, USA). Statistical processing of the results
was performed in accordance with GMP.1.1.0013.15
“Statistical processing of the results of a chemical ex-
periment” with Microsoft Office Excel 2010.

RESULTS AND DISCUSSION

As a microemulsion composition for TTS GMDP,
the basic composition was chosen (Table 1), which we
developed earlier for the transfer of drugs of various
pharmacological groups and molecular weights through
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Table 1

The base composition Ne 1 of the microemulsion composition

Substance TTS indication

Characteristics

Purified water Aqueous phase base

GMP 42-2620-97

Aqueous
phase

GMDP Medical substance

White hydrophilic powder

Apricot kernel oil Base of oil phase

Contains linoleic (30—45%) and oleic (55-70%) acids

% a-tocopherol acetate | Skin disintegrant and antioxidant Lipophilic liquid
= Sodium dokuzat MS carrier Amphiphilic anionic detergent
o) Decaglyn PR-20 Emulsifier Lipophilic surfactant with hydrophilic-lipophilic
balance of 3.2
Table 2
Changes in microemulsion compositions with GMDP compared with the base composition
Compo- Aqueous phase Oil phase
sition #
2 Decrease in volume of purified water by 1.9 times Volume increase by 1.7 times
3 Sodium dodecy! sulfate 0.5% solution Similar to base composition
4 0.9% sodium chloride solution Similar to base composition
5 Similar to base composition Increase in sodium docusate content from 15 to 20%
Decoction of oak bark (concentration of gallic acid . . o
6 2.60 +0.18%, n = 5) Increase in sodium docusate content from 15 to 20%

the skin, such as insulin [10], anilocaine [9], sodium
aminodihydrophthalazinedione [8].

At choosing vegetable oils for application dosage
forms, the fatty acid composition is of particular im-
portance [15, 16]. The basis of the oil phase of the mi-
croemulsion composition was the oil of apricot kernels
(acid number 0.04), which contains a large amount of
oleic acid (from 55 to 70%), due to which it is well
absorbed into the deep layers of the skin and enhances
the penetration of active components into the stratum
corneum. In addition, apricot kernel oil has a low vis-
cosity, which makes it possible to use it as a solvent for
lipophilic drug transfer activators, in our case, vitamin
E and sodium docusate.

The selected microemulsion composition containing
GMDP had a particle size of 1 to 15 pm and a very high
stability: it only partially separated when centrifuged
and heated to 40 °C for 12 hours. This stability of the
microemulsion can be explained by the fact that medici-
nal substances of a protein nature can act as a stabilizer.
The authors observed a similar effect when developing
emulsion insulin TTS [10].

The investigated medical substance, glucosaminyl-
muramyldipeptide, has a small molecular weight (695.67
g/mol) in terms of transdermal transfer in comparison,
e. g., with insulin (5500 g/mol). However, the amount
of GMDP (o) diffused from TTS from the contact area
through unconserved skin in vitro in 24 hours was only
(14.4 £3.0)% (n = 10) of that contained in the sample.

To clarify the role of one or another component of the
microemulsion composition in the transdermal diffusion
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of MS (at its constant concentration in TTS of 46 mg/g),
5 microemulsion compositions were prepared (Table 2),
which differ from the pre-selected (base) composition
No. 1 in the following parameters: change in the amount
of the oil phase; increasing the concentration of the so-
dium docusate transfer activator in the oil phase; the
introduction of hydrophilic activators for the transdermal
transfer of sodium dodecyl sulfate or sodium chloride;
the use of oak bark decoction as an aqueous phase of a
microemulsion, a well-known source of biologically ac-
tive substances used in medical practice in the treatment
of skin diseases [17].

Table 3 shows the results of percutaneous diffusion
of GMDP from TTS with different compositions of the
microemulsion composition for 24 hours in vitro in re-
lative values.

Changes to the base microemulsion composition in
the case of formulations # 2, 3 and 4 did not lead to an

Table 3

Relative amount of GMDP (%) passed through
unreserved rabbit skin, for TTS of various
composition

Microemulsion composition # | Relative amount o,

2 ®,00=0.62 +0.24

®p5=0.85£0.14

®,0.4=0.68 + 0.05

®p = 1.44£0.30

®5.0=1.16£0.19

(XN RV, I I SNy OS]

O = 1.67%026
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increase in the yield of GMDP from TTS through un-
conserved rabbit skin.

For TTS with microemulsion formulation # 5, in
which the concentration of docusate sodium salt trans-
porter in the oil phase was 20%, an increase in transder-
mal transfer of GMDP was observed by 44% compared
to base formulation # 1 containing 15% of the same
carrier. The use of an aqueous extract of oak bark (com-
position No. 6) as a dispersed phase of a microemulsion
made it possible to further increase the percutaneous
diffusion of GMDP in comparison with composition # 5
by another 16%.

Thus, the simultaneous increase in the sodium do-
cusate content in the oil phase to 20% and the use of an
aqueous extract of oak bark (composition No. 6) led to
an increase in the transdermal transfer of GMDP by 67%
compared to the base composition.

CONCLUSION

The effect of changes in the composition and phase
ratio of microemulsion compositions on the diffusion
of GMDP from TTS through unconserved rabbit skin
in vitro was studied.

The developed composition of the microemulsion
composition containing 20% sodium docusate in the oil
phase and a decoction of oak bark as the aqueous phase
made it possible to increase the transdermal transfer of
GMDP by about 70% compared to the basic composition
used by us in the development of the TTS series [8—10].

For a correct assessment of the results of different
series of in vitro experiments with biological objects, it
is advisable to introduce relative indicators.

The authors declare no conflict of interest.
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EFFECT OF INTRAMYOCARDIAL ALLOGENIC BIOMATERIAL
INJECTION ON ANGIOGENESIS AND POSTISCHEMIC SCAR
REMODELING IN RATS
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Scar smoothing out, angiogenesis stimulation and cardiomyogenesis in myocardial infarction still remain pressing
issues despite the variety of existing methods. One of the ways to correct them is intramyocardial implantation of
an alloplant biomaterial (ABM) suspension. ABM serves as an inhibitor of fibroneogenesis in various tissues with
chronic inflammatory processes. No studies have been carried out with regards to acute myocardial infarction.
Objective: to assess the dynamics of the number of bFGF-1" cells and CD68 macrophages, the degree of angio-
genesis amidst the use of ABM in the formation of postinfarction scar in the experiment. Materials and methods.
Experimental studies were performed on 100 male Wistar rats weighing 0.18-0.25 kg. Coronary artery ligation
was performed on all animals. In the experimental group, the ABM suspension (12 mg) was injected intramyo-
cardially. We used histological, electron microscopic, immunohistochemical (CD68, bFGF-1), morphometric and
statistical research methods. Hearts were procured at day 3, 7, 14, 30, and 45. Results. The use of an allogeneic
biomaterial immediately after coronary artery stenosis could reduce the area of cicatricial myocardial degeneration
by two fold by accelerating inflammatory response and the onset of early proliferative phase. In the reactive zone
after ABM implantation, macrophage myocardial infiltration significantly decreased in comparison to the control
group. The use of ABM ensures significant predominance of bFGF-1" cells in the initial period of inflammation
(3—14 days). Subsequently (1445 days), inflammatory cytokine expression became several times less, which
corresponded to biodegradation and resorption of the biomaterial. In the control group, during the acute phase of
inflammation (3—14 days), bFGF-1" cells were low in number. Subsequently (14—45 days), cytokine expression
increased significantly, causing rapid accumulation of collagen fibers and scarring. In myocardial regeneration
after a heart attack in the experiment, ABM stimulated angiogenesis, whose level was three times higher than
in the control group. It was noted that ABM serves as a regulator of the neofibrillogenesis-fibroclasia balance in
tissue. Conclusion. Macrophage migration inhibition and suppression of pro-inflammatory orientation of mac-
rophages should be indicated as one of the directions of therapeutic correction strategy for ischemic myocardial
injuries. Alloplant biomaterial used in the acute phase of myocardial inflammation can serve as such alternative.

Keywords: myocardium, allogeneic biomaterial, regeneration, bFGF, macrophages.

INTRODUCTION

The problem of scar smoothing out, stimulation of
angiogenesis and cardiomyogenesis in myocardial in-
farction remains relevant to this day. Such methods of
regenerative medicine as gene and cell technologies,

carry the risk of infection, teratogenicity, etc. Even if all
biological safety requirements are met, cellular products
do not integrate into the recipient’s tissues, but have only
a paracrine effect [2]. Also, great attention is paid to the
use of various kinds of biomaterials for the regeneration

along with their undeniable advantages, have certain dis-
advantages. The introduction of gene constructs into the
myocardium leads to angiogenesis and scar limitation.
However, the introduction of the plasmid vector does not
achieve an adequate degree of cardiomyocyte transfec-
tion (no more than 10%). The frequent development of
immune responses to viral proteins, fragility in tissues
limit their widespread use [1].

The use of cellular products also does not have a suf-
ficiently high efficiency, they are difficult to manufacture,

of damaged tissues and organs. All the methods under
consideration face one problem. Currently, there are no
available and effective methods to combat excessive
fibrosis during postischemic myocardial remodeling. It is
known that biomaterials of the Alloplant® series serve as
an inhibitor of fibroneogenesis [3]. They are developed
at the Federal State Budgetary Institution “All-Russian
Center for Eye and Plastic Surgery” of the Ministry of
Health of the Russian Federation in Ufa and are manu-
factured in accordance with TU 42-2-537-87. Biodegra-
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dation products of the biomaterial are chemoattractants
of M1 macrophages in the implantation zone. Thus, ma-
crophages become direct participants in the phagocytosis
of biomaterial, wound detritus, immune complexes, and
excess collagen. In addition, macrophages exert a parac-
rine effect by releasing proinflammatory factors: TNFa,
IL1, etc. Monokines, in turn, inhibit the expression of
profibrogenic factors (bFGF-1, TGF-b1) and regulate the
activation of fibroblastic cells [4]. These results of the
study were obtained during the application of defects in
the skeletal muscle, the wall of the uterus, in the correc-
tion of such chronic degenerative-inflammatory diseases
as cirrhosis of the liver, periodontitis, stomach ulcers,
skin burns, degeneration of the retina and optic nerve.
It was found that allogeneic biomaterials in the process
of replacement contribute to the neoangiogenesis of the
forming regenerate [5, 6]. However, no studies have been
conducted for acute myocardial infarction.

It is known that the main angiogenic factors are
VEGF, TGFb, bFGF, etc. [7]. Moreover, according to
some data, bFGF stimulates neovascularization to a gre-
ater extent than VEGF [8].

The purpose of the present study was to evaluate the
role of macrophages and bFGF on postinfarction myo-
cardial remodeling and vascularization in the experiment.

MATERIALS AND METHODS

For the regeneration of cardiac muscle tissue, a decel-
lularized biomaterial (DCBM) was used, made of fibrous
connective tissue formations and processed using the
TU 42-2-537-87 technology. A prerequisite for its use
is allogenicity; therefore, for this study, the biomaterial
was made from rat tendons.

Experimental studies were carried out on 100 male
Wistar rats weighing 0.18-0.25 kg. All animals were
divided into 2 groups. In the control group (n = 50),
myocardial infarction was modeled as follows: left-sided
thoracotomy was performed under intramuscular anes-
thesia (zoletil solution) followed by ligation on 7. inter-
ventricularis paraconalis a. coronarii sin. of the left
ventricle. After the intervention, the wound was sutured
in layers.

In the experimental group (n = 50), ligation of the
artery was accompanied by the introduction of a DCBM
suspension into the pool of the stenotic artery in a to-
tal amount of 12 mg. The dose was chosen at random.
Before use under sterile conditions, a suspension of the
biomaterial in physiological solution was prepared (100
mg of the biomaterial was suspended in 5 ml of physiolo-
gical solution). Along the perimeter of the left ventricle,
5-6 intramyocardial injections of the suspension were
made, 100 pl each. The total volume of the injected sus-
pension was 600 puL. The particle size of the biomaterial
was 50-80 um for free passage through the injection
needle. In the control group, 5 days later, 0.9% saline

was administered in an adequate volume. The animals
were kept under standard vivarium conditions.

The animals were removed from the experiment by
insufflation of a lethal dose of ether vapor after 3, 7, 14,
30, 45 days. The studies were carried out in accordance
with the rules of laboratory practice in the Russian Fe-
deration, in accordance with the rules adopted by the
European Convention for the Protection of Vertebrate
Animals used for Experimental and Other Scientific
Purposes (Strasburg, 1986), and in accordance with
an approved written protocol in accordance with the
investigator’s standard operating procedures and gui-
delines on laboratory animals and alternative models in
biomedical research [9]. For histological examination,
the hearts were fixed in a 10% solution of neutral for-
malin, dehydrated in a series of alcohols of increasing
concentration, and embedded in paraffin according to the
standard method. Sections were prepared on a LEICA
RM 2145 microtome (Germany), stained with hema-
toxylin and eosin, according to Van Gieson, according
to Mallory. To determine the size of the postinfarction
myocardial scar, each heart was cut across into 5 sectors.
Scar area index (SAI) was measured on cross-sectional
preparations of rat hearts stained according to Mallory,
using the “ITEM” software as follows: the ratio of the
scar area to the left ventricular wall area was multiplied
by 100%.

For immunohistochemical studies, paraffin sections
with a thickness of 4 um were stained using a Leica Mi-
crosystems Bond™ immunohistostiner (Germany). The
first antibodies used were CD 68, bFGF-1 at a dilution
of 1:300 (Santa Cruz Biotechnology, USA). For unmas-
king, an indirect streptavidin-biotin detection system
Leica BOND (Novocastra™, Germany) was used. The
specificity of the reaction was evaluated by staining sec-
tions without the first antibodies. Positively stained cells
were counted in 20 fields of view of each sample (n =
6) at X400 magnification. The study and visualization of
preparations were carried out using a light microscope
Leica DMD 108 (Germany) with specialized software
for managing settings and image capture.

For electron microscopic examination, 1-2 mm®
pieces of the myocardium were used, fixed in a 2.5%
glutaraldehyde solution prepared in a cacodylate buffer
(pH 7.2-7.4) with additional fixation in a 1% OsO, so-
lution in the same buffer. The material was dehydrated
in alcohols of increasing concentration and poured into
epon-812 according to the generally accepted method.
On an EM UC 7 ultratome (Leica, Germany), semi-thin
sections were prepared and stained with a solution of
toluidine blue in a 2.5% solution of anhydrous soda. On
these sections, we selected areas for electron microscopic
examination. Ultrathin sections were contrasted with
a 2% aqueous solution of uranyl acetate, lead citrate
according to Reynolds and studied under a JEM-1011
transmission microscope (Jeol, Japan).
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Analysis of SAI and the total area of capillary lu-
mens (CLTA) data was carried out using nonparametric
methods — one-way analysis of variance according to
Kruskal-Wallis and comparison of uncorrelated data by
the Mann—Whitney method [10]. The diagram was built
using the Statistica 6.0 software.

RESULTS

As aresult of the experiment (after 45 days), it was re-
vealed that SAI in the control group was 26.65 + 16.10%,
and in the experimental group after DCBM 9.72 £ 1.08%.
The multiplicity of intergroup differences was 2.74 times
(Fig. 1).

The course of the inflammatory reaction after ische-
mia of cardiac muscle fibers in the experimental groups
occurred in different ways. In the experimental group,
at the initial stage of inflammation (3 days), signs of an
early onset of the proliferative phase of inflammation
and the formation of granulation tissue were revealed at
the site of ischemically damaged cardiomyocytes. Thin
collagen fibers, macrophage-fibroblastic infiltration,
and mesenchymal cells were detected in the regenera-
te. Along with hemorrhagic impregnation, thin-walled
hemocapillaries with a multi-vector orientation were
determined. Particles of biomaterial infiltrated by poorly
differentiated cells and macrophages were determined
(Fig. 2).

In the control group, in place of the collapsing cardi-
omyocytes, a wide cell wall was formed, consisting of
macrophages, lymphocytes, neutrophils, signs of rupture
of blood vessels and diapedesis of erythrocytes in the
interstitium of the myocardium were noted (Fig. 3).

In the control group in the ischemically altered car-
diac muscle tissue in the reactive zone, the number of
CD 68 macrophages also exceeded the values of the
experimental group practically throughout the entire
experiment. In the control and experimental groups, the
tendency to rise and subsequent decline was generally
highly significant (Chi-Square = 76.3, p << 0.0001 and
Chi-Square =45.2, p << 0.0001, respectively). The num-
ber of CD 68+ cells in the control group statistically
significantly exceeded their number in the experimental
group during the observation period of 3—14 days (p <
0.003 and less). In the period of 30-45 days in the con-
trol group, attenuation of myocardial remodeling and
scar formation occurred, which caused a decrease in the
number of macrophages in both groups (p > 0.12) and
initiation of the healing stage (Fig. 4).

At studying bFGF-1" cells in the experimental and
control groups, the number of these cells significantly
depended on the beginning of the experiment (5* = 49.8,
p << 0.0001 and y* = 60.0, p << 0.0001, respectively)
and had certain differences. After 3 days, the range of
variation in bFGF-1" cells in the experimental group
equaled 38—55 (median 44). After 7 days, their number
increased to 54—68 (median 61) (p <0.0001). However,
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Fig. 1. Myocardial cross-section in 45 days: a — control
group; b — experimental group. Mallory stain. x40

Fig. 2. Granulation tissue formation and infiltration by mac-
rophages, mesenchymal cells, fibroblasts in rat myocardium
3 days after coronary occlusion and biomaterial insertion (ex-
perimental group). Stained with hematoxilin and eosin. X400

Fig. 3. Macrophage-lymphocytic cell wall in the zone of ne-
crotically altered cardiomyocytes 3 days after coronary oc-
clusion (control group). Stained with hematoxilin and eosin.
%200

on the 14th day, the interindividual variation in the num-
ber of bFGF-1" cells increased sharply (22—72, median
60) and turned out to be statistically insignificant (p >
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Fig. 4. The number of CD 68" in the myocardium of rats in the control group (blue graph) and after the insertion of the bioma-
terial (red graph). GDI — limits of confidence intervals for the average area values, #CO — standard error of the average value

0.46). After 30 days, the number of bFGF-1" cells in the
main group sharply decreased (9—16, median 11), and
on the 45th day it slightly, statistically significantly (p <
0.03) decreased to the range of 4—16 cells (median 9).

In the control group, the expression with bFGF-1"
cells was completely different. The number of bFGF-1"
cells was minimal in the first week from the beginning of
the experiment (5-15, median 10), on day 3, 10-19 cells
(median 14). After 14-30 days, the number of bFGF-
1" cells in the control group increased sharply — up to
80-109 cells (median 84) and 67-104 cells (median 101),
respectively, but the difference was not significant (p >
0.66)... A statistically significant (p < 0.0001) decrease
in the number of bFGF-1" cells to 54-96 (median 64) in
this group occurred only by the 45th day. In the control
group, after 14, 30, and 45 days, the intragroup random
spread in the number of such cells sharply increased to
29, 37, and 41 cells, respectively. In the experimental
group, in the period of 30—45 days relative to 14 days,
the variation in the number of such cells, on the contrary,
sharply decreased (Fig. 5).

The results of the analysis showed that the effect on
CLTA of the reactive zone of the regenerate both the
factor of group belonging of objects (“control”, “ex-
perience”) and the factor of time (days) (n* = 15%, F =
31, p << 0.0001 and n*> = 14%, F = 9, p << 0.0001,
respectively).

In the experimental group, CLTA decreased from
1432.2 £ 1179 pm? on the 3rd day to 577 + 348 pm® on
the 7th day (p <0.0003). Thereafter, CLTA remained sta-
ble (611 +445.8 and 632.3 + 406.6 um’ on the 14th and
30th days, respectively). In the control group, on the 3rd
day after coronary occlusion, CLTA was significantly 3

times lower than in the experimental group (510.6 + 537
um?). In the subsequent periods of observation, CLTA
decreased, but this decrease was statistically significant
(p < 0.003) only after 14 days (146 £ 97 um’®), i. e.,
almost 3 times lower than on the third day. During all
periods of observation, the CLTA of the reactive zone of
the regenerate in the control group was significantly and
statistically significantly lower than in the experimental
group. The greatest difference was noted in the period
of 3 days (Fig. 6).

After 14 days, in the perifocal zone of the experimen-
tal group, signs of resorption of collagen fibers were re-
vealed (Fig. 7). In the myocardium in the perifocal zone,
scattered short fragments of collagen fibers surrounded
by rounded and large cells with an oval nucleus were
detected (Fig. 7, a). Fibroclasts were found in the form
of large oval cells with long outgrowths of cytolemma,
forming phagocytic vacuoles. In the cytoplasm, channels
of the granular endoplasmic reticulum, secondary vacuo-
les with fragments of striated collagen fibers, enclosed
in the cytoplasm, were found. The nuclei were rounded
with signs of functional activity, containing euchromatin
(Fig. 7, b).

Thus, under conditions of DCBM application, signs
of fibroclasia were found in the reactive zone of the myo-
cardium, which could also affect the volume of the scar
in the myocardium.

DISCUSSION

In the present study, a targeted approach was used
and the pathomorphological processes of spontaneous
myocardial healing were demonstrated after coronary
artery ligation and under the influence of allogeneic bio-
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Fig. 5. The reaction of FGF-1" cells in the myocardium of rats: a — dynamics of the number of bFGF-1" cells in the experi-
mental group (light graph) and in the control group (dark graph); b — expression of bFGF-1 in the experimental group after 7

days. x400; ¢ — expression of bFGF-1 in the control group after 7 days. Indirect immunoperoxidase method for detection of
bFGEF-1 stained by hematoxylin. X200

material. DCBM implantation showed new strategically —and mesenchymal infiltration was detected in the peri-
important mechanisms of the regenerative potential for  focal zone at the border of the intact myocardium and
the myocardium associated with cardioprotection: angio-  necrotic cardiac muscle tissue. The regenerate was well
genesis, inhibition of macrophages, fibroclasia. It was  vascularized. A dense multidirectional network of hemo-
found that under the conditions of DCBM application  capillaries was noted, which accompanied the formation
at a dose of 12 mg, the scar area was reduced by more  of immature granulation tissue. These signs indicated
than 2 times. the onset of an early proliferative inflammatory stage.
After ligation of the coronary artery in the myocardi- It was previously established that under the conditions
um, pathomorphological changes associated with massi-  of using DCBM for the healing of connective tissue with
ve colliquation necrosis of cardiomyocytes occurred. The  a chronic course of the inflammatory-destructive process,
entire chronology of the phase change of the inflammato-  as well as after the application of defects, the products of
ry response was traced. Exudative inflammation occur-  biodegradation of the biomaterial became chemoattrac-
red within 3—14 days. In the period of 14-30 days, the tants of monocytes and macrophages. Macrophage cells
proliferation phase began, and after 30-45 days, healing  determined the efficiency of regeneration due to comple-
with scar formation began. te phagocytosis and regulation of the proliferative phase
Three days after coronary occlusion and intramyocar-  of inflammation. They inhibited fibroblastic activity due
dial administration of DCBM, macrophage-fibroblastic ~ to M1 macrophages and prolongation of the cytotoxic
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Fig. 7. Resorption of collagen 14 days after insertion of biomaterial (experimental group). a — Van-Gison stain. x400; b — fib-
roclast in the myocardium with phagocytic vacuoles with fragments of collagen (7). Electronograms. x12 000

phase [11]. It is known that tumor necrosis factor (TNFa),
in addition to initiating inflammatory reactions, can also
inhibit fibrosis through the regulation of fibroblast acti-
vity, suppressing the synthesis of transforming growth
factor TGFpB-induced expression of connective tissue
growth factor (CTGF) protein [12].

As a result of our study, it was revealed that during
the acute stage of inflammation of the ischemic myocar-
dium, the opposite reaction occurred. The biodegradation
products of DCBM stimulated the migration of macro-
phages to a lesser extent in the period of 3—14 days and
were their inhibitors. The presence of DCBM particles
was noted only in the early stages of observation; later,

after 14 days, the biomaterial was resorbed and was not
visualized.

In the control group, in the period of 3—14 days, pro-
nounced infiltration of the myocardium by macropha-
ges and the formation of a wide cell wall were determi-
ned, which corresponds to the phase of alteration and
exudation. Subsequently (14—45 days) at the stage of
proliferation and scarring, the number of macrophages
almost proportionally decreased and leveled off in both
experimental groups. Therefore, according to the data
in Figure 1, macrophages contributed to the manifes-
tation of inflammation in the myocardium, increased
collagenogenesis, and, as a consequence, an increase in
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the scar area. This is consistent with the data of other
researchers [13].

The nature of DCBM is a decellularized allogeneic in-
tercellular matrix — fibrous connective tissue, consisting
mainly of mature type I collagen fibers and associated
proteoglycans and glycosaminoglycans: hyaluronic acid,
heparan-, dermatan- and keratan sulfate. During the lysis
and resorption of the biomaterial, they are dosed extrac-
tion, which is initially released during the biodegradation
of the graft, and subsequently begins to be secreted by
the surrounding cells: macrophages, fibroblasts [11]. It
can be assumed that exogenous collagen contributes to
the suppression of the acute inflammatory reaction and
the migration of effector cells such as macrophages. This
mechanism of action probably develops according to the
type of “feedback” characteristic of involution of the
scar. And it was caused by excessive collagenogenesis
“based on intercellular and collagen-cell interactions”, as
described by V.V. Serov and A.B. Schechter (1981) [14].

Excess collagen, directly in contact with fibroblasts,
leads to increased fibroclasia, a decrease in the synthe-
tic activity of fibroblasts and their destruction, which
we observed after 14 days in the experimental group,
which caused a sharp decline in bFGF-1" cells and the
appearance of fibroclasts. Fibroclasia could also have
an effect on reducing the area of the scar in the experi-
mental group.

On the other hand, during transplantation of a decel-
lularized extracellular matrix, cytokines such as bFGF,
VEGF, HGF are released, including in the initial period
after implantation (1-3 days), have bioinductive effects
on myocardial fibroblasts and promote the growth of
blood vessels [15]. We noted that the degree of vascula-
rization of the reactive zone in the experimental group
exceeds the values of the control one throughout the
experiment, especially during the period of 3 days. It is
known that bFGF has not only a pronounced angiogenic
potential in conditions of ischemic myocardial damage,
but also promotes the survival of endothelial cells, redu-
ces the degree of apoptosis of cardiomyocytes [16—18].
The role of heparan sulfate (perlecan) is widely known
as a “molecular glue” that plays a key role in embryonic
and post-wound myocardial morphogenesis. It is a major
component of the basement membrane of blood vessels,
type IV collagen and laminin [19]. Consequently, en-
dogenous heparan sulfate, as one of the biodegradation
products of DCBM, can also participate in neovasculo-
genesis, morphogenesis, and cardioprotection.

In the control group, inflammation developed accor-
ding to the classical type [20]. In the period 3—14 days,
the phase of acute inflammation was accompanied by the
presence of inflammatory effector cells, the formation
of a wide cell shaft, which arose at the site of necrotic
masses of ischemic myocardial fibers. Accordingly, the
number of bFGF-1-producing cells was low. After 14
days and further, the proliferative stage of healing was

characterized by the accumulation of a large number of
fibroblastic cells and a more increased production of
fibrokine bFGF-1 by them.

Biodegradation products of DCBM are able to norma-
lize the balance between the processes of neofibrogenesis
and fibroclasia, while the synthesis of excess collagen
and glycosaminoglycans slows down, which returns
the process of myocardial regeneration to the physio-
logical channel and leads to physiological scarring. In
the process of pathological scarring during the transiti-
on from the phase of late inflammation to the phase of
proliferation under conditions of hypoxia and impaired
microcirculation, detritus accumulates in the wound and
abnormal production of cytokines by an excessive num-
ber of macrophages, which leads to lengthening the stage
of inflammation and prevents the activation of healing
processes [21]. The products of tissue breakdown, ac-
ting as biological stimulators of fibrogenesis, cause an
imbalance in the system “fibroneogenesis — fibroclasia”
with the formation of a large number of fibroblastic cells
characterized by high metabolism [22].

Analysis of the results of bFGF-1 expression in the
experimental group confirms this assumption. The me-
chanism of action indicates a reverse tissue response in
response to DCBM implantation than that described in
previous works [23]. In the present study, it was found
that in the experimental group in the peri-infarction zone
during the period 3—14 days bFGF-1" cells significantly
exceeded the values of the control. In the control group,
during the acute phase of inflammation (3—14 days),
the level of bFGF-1" cells was low compared to the ex-
perimental group, and subsequently (14-30 days), the
expression of the cytokine significantly increased, which
corresponded to the phase of healing and scarring — the
rapid accumulation of collagen fibers.

In the experimental group, the revealed chronology of
the change in cellular infiltration does not correspond to
the classical understanding of the course of the inflamm-
atory process. Apparently, the pronounced expression of
bFGF-1 is an antagonist of the pro-inflammatory spect-
rum of cytokines and suppresses the chain of cytotoxic
reactions. It is known that bFGF, by inhibiting the apo-
ptosis of cardiomyocytes, has a protective effect on the
heart after myocardial infarction, thereby reducing the
size of the necrotic zone [24]. Therefore, the early pro-
liferative phase and the formation of granulation tissue
may contribute to cardioprotection.

The information has recently appeared on the use
of various types of hydrogels, created on the basis of
the extracellular matrix, alginate, gelatinase, collagen,
hyaluronic acid, fibrin, agarose, chitosan, keratin. They
cause some improvement in the remodeling of ischemi-
cally damaged myocardium, limiting the spread of fibro-
sis [25, 26]. Some materials can provide maintenance or
improvement of functional parameters in experimental
animals or be carriers of cells or growth factors [27].

135



RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS

Vol. XXII' N2 3-2020

Extracellular matrix biomaterials typically consist of
structural proteins such as collagen, laminin, fibronec-
tin, and vitronectin, and many glycosaminoglycans. The
rate of degradation of these materials is determined by
the cellular environment and factors such as concentra-
tion and degree of crosslinking. But often they have a
bioresorption rate that significantly exceeds the rate of
histogenesis, without significant functional and structural
positive changes, including in the long-term period [28].

The biomaterial used in this study, created on the
basis of a decellularized allogeneic extracellular mat-
rix, interacts with the host tissue, changing the cytokine
profile of the myocardium, promotes angiogenesis and
reduces fibrosis and cell death, and serves as a chemo-
attractant of progenitor cardiomyogenic cells. When
using DCBM, vitalization is not required, it is able to
maintain a balance between degradation and reparative
histogenesis, it serves as a biomimetic, biocompatible,
non-immunogenic, resists long-term complications such
as infection, calcification and aneurysm enlargement.
The viscosity of the resulting suspension depends on its
concentration and can be adjusted and depends on the
type of tissue and the needs of the researcher.

This model of acute myocardial infarction does not
cover the issues of chronic myocardial ischemia, which
is the most common in clinical practice. Therefore, this
model highlights the aspects of the influence of the bio-
degradation products of DCBM as bFGF-induced angio-
genic growth factors on the pro-angiogenic state during
the healing period after myocardial infarction. One of
the directions of the strategy of therapeutic correction in
ischemic myocardial damage should be indicated on the
inhibition of the migration of macrophages and the sup-
pression of their pro-inflammatory direction M 1. Decel-
lularized allogeneic biomaterial used in the acute phase
of myocardial inflammation can be such an alternative.

CONCLUSION

1. The use of an allogeneic biomaterial immediately
after stenosis of the coronary artery allows more than
2 times to reduce the area of cicatricial myocardial
degeneration.

2. DCBM accelerates the course of the inflammatory
response and the onset of the early proliferative phase
of inflammation.

3. Allogeneic biomaterial reduces myocardial infiltra-
tion by CD68 macrophages compared to the control
during spontaneous healing.

4. The use of DCBM provides a significant predomi-
nance of bFGF-1" cells in the initial period of in-
flammation (3—14 days). Subsequently (1445 days),
the expression of fibrokin became several times less.
In the control group, during the acute phase of in-
flammation (3—14 days), the level of bFGF-1" cells
was low, and subsequently (14—45 days), cytokine

expression increased significantly, which caused a
rapid accumulation of collagen fibers and scarring.
5. During the formation of postinfarction regenerate in
the experiment, DCBM stimulated angiogenesis.
6. In the zone of myocardial regeneration, allogeneic
biomaterial regulates the balance of neofibrillogene-
sis-fibroclasia.

The study was performed within the framework of
state assignment No. 056-00110-18-00, approved on
December 26, 2017.

The authors declare no conflict of interest.
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TECHNOLOGY FOR OBTAINING AN ULTRATHIN POSTERIOR
LAMELLAR CORNEAL GRAFT AT THE EYE TISSUE BANK
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Objective: to develop technologies for preoperative preparation of the posterior lamellar corneal graft based on
our own formulation of the preservation medium for optimal dehydration of the donor cornea and a technique for
cutting out an ultrathin flap using an optimized method at the Eye Tissue Bank. Materials methods. In a series
of experimental studies, we obtained data on the hydration level of cadaveric donor corneas that were preserved
in various solutions at different observation periods. Using 16 corneas, analytical weighing and pachymetry were
performed via optical coherence tomography in the experimental (n = 8) and control (n = 8) groups. Morpho-
logical and functional characteristics of the corneal endothelium were then assessed. At the next stage of work,
ultrathin grafts were formed from 16 corneas after hypothermic preservation in the experimental (n = 8) and
control (n = 8) solutions by single-pass microkeratome, followed by microscopy of the samples using a scanning
electron microscope. Results. After the first days of preservation in the proposed solution, there was dehydration
of 9% cornea in the experimental group in comparison with the samples of the control group. After 4 days of
preservation, there was no reliable difference found between the groups (p > 0.05) in the study of the endothelial
cell viability of ultra-thin corneal grafts by immunofluorescent microscopy using the “Live and dead” marker.
Scanning electron microscopy revealed that corneal stromal collagen fibers, preserved in the proposed medium,
retained their integrity. Conclusion. The proposed technology can be recommended for use at eye banks for
formation of an ultra-thin corneal graft at the preoperative stage.

Keywords: ultrathin lamellar corneal graft, preservation solution, eye bank, keratoplasty.

INTRODUCTION

Penetrating keratoplasty (PK) has long been conside-
red the gold standard for surgical treatment of patients
with epithelial endothelial dystrophy (EED) of the cor-
nea. In order to improve the biological and functional
results of engraftment of large corneal grafts, various PK
modifications have been proposed at different times, na-
mely: mushroom, conical, and stepped keratoplasty [1].
However, PK and its modifications still do not exclude
the emergence of a number of significant problems: the
operation is accompanied by a volumetric and prolon-
ged depressurization of the eyeball, which leads to the
risk of hemorrhagic and infectious complications; in
the post-transplant period, immunobiological reactions

high-precision, high-tech microsurgical equipment and
instrumentation [4]. To date, several modifications of en-
dothelial keratoplasty have been proposed, one of which
is descemet stripping automated endothelial keratoplasty
(DSAEK), which is most widely used in the clinic for the
treatment of patients with EED of the cornea of various
origins [5—7]. The essence of the DSAEK operation is to
remove Descemet’s membrane with a layer of the affec-
ted corneal endothelium of the recipient and replace the
cut-out graft of the posterior layers of the donor cornea
through a 3 mm incision using a modified Busin slider
and then pressing the flap against the posterior surface
of the cornea with sterile air [8, 9]. At the same time, all
stages of automated cutting out of the posterior corneal
graft are carried out exclusively in the operating room,

of tissue incompatibility often develop and induced
ametropias of varying severity appear. leading to unsa-
tisfactory optical results [2, 3]. To eliminate the above
problems associated with PK and the leading role of the
endothelial layer in the development of EED, various
techniques for replacing the posterior corneal layers have
been proposed since the middle of the last century, but in
2001 M.A. Terry developed a technique of layer-by-layer
replacement of damaged posterior layers of the cornea,
called endothelial keratoplasty and performed using

in parallel with manipulations on the patient’s eye, which
delays the operation time. In addition, the forced haste
of the surgeon when performing intraoperative sections
of the donor cornea often ends with the perforation of
the ultrathin graft and the cancellation of the operation.
Until now, both in Russia and abroad, there are no for-
mulations of conservation media for nominal dehydra-
tion of the donor cornea and the optimal technique for
cutting out ultrathin grafts (50—145 microns, on average
127 microns) using a single-pass microkeratome under
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the conditions of the Eye Tissue Bank at the stage of
preoperative preparation [10—14]. The urgency of the
problem and the lack of resolution of the above provisi-
ons in the DSAEK technology determined the purpose
of thy present study.

The purpose of the present study was to develop a
technology for preoperative preparation of the posterior
layer-by-layer corneal graft based on our own formulati-
on of the preservation medium for optimal dehydration
of the donor cornea and the technique of cutting out an
ultrathin flap using an optimized method in the condi-
tions of the Eye tissue bank.

MATERIALS AND METHODS

Viable cadaveric human corneas used from the Eye
Tissue Bank of the Fyodorov Eye Microsurgery Fede-
ral State Institution of the Ministry of Health of Russia
(32 from 16 donors). One cornea from each donor was
used as a control, the other, a steam room, served as a
prototype. The control corneas were placed in vials with
a basic preservation medium [15]. The corneas included
in the experimental group were preserved in vials with
the previously declared “agent for the preservation of
the posterior layer-by-layer graft of the donor cornea”
[16], which, due to its pharmacological components, has
a membrane-stabilizing and membrane-restoring effect.
At the first stage, the level of hydration of the stroma
of preserved donor corneas in the experimental (n = 8)
and control groups (n = 8) was studied by analytical
weighing (Sartorius BP 210S, Germany) and pachymetry
using an optical coherence tomograph (Optovue, iVue
100, USA) on 0, 1, 2, 3 and 4 days of the study. Upon
completion of conservation, a morphofunctional study of
the viability of endothelial cells of the obtained ultrathin
corneal grafts was performed using immunofluorescence
microscopy (Olympus FV 101, Japan) using the Live
and dead marker (Abcam, Great Britain). Based on the
data obtained, the preservation period was determined
at which the optimal dehydration of donor corneas is
achieved. Then we proceeded to the second stage of the
study, in which the corneas of the control (n = 8) and
experimental (n = 8) groups were preserved for 2 days in
the indicated solutions. On the 2nd day of conservation,
ultrathin posterior layered grafts were formed from the
corneas of both groups under the control of an optical
coherence tomograph (Optovue, iVue 100, USA) using
a microkeratome (Moria, France) by a single pass with a
550 um cutting head (Moria, France). Then the samples
of both groups were subjected to microscopy using a
scanning electron microscope (JEOL JCM-6000, Japan)
to assess the ultrastructure of the endothelial cell layer,
orientation and damage of stromal collagen fibers, and
the section profile.

DATA PROCESSING

To count the endothelial cells of ultrathin posterior
layered grafts, CellProfile software was used, which al-
lows for a quantitative analysis of images of stained cells.

Statistical analysis of the data obtained was perfor-
med with Graph Pad Prizm7 software.

RESULTS

According to the results of the first stage of the study,
measuring the weight and pachymetry of donor corneas,
dehydration and a decrease in thickness by 9% from
the initial in the experimental group on the 1st day of
conservation with a gradual increase and achievement of
the nominal value (weight 0.195 £ 15 g, thickness 648 +
35 um) by the 3rd day, in the control group hydration
(increase in thickness and weight) was observed from
the first day of conservation. Pachymetric assessment
using an optical coherence tomograph at all periods of
observation in the experimental and control groups is
shown in Fig. 1.

Thus, a correlation was found between the weight and
thickness of the studied corneas during the conservation
process. Determined the degree of dehydration in the first
two days in the experimental group and hydration in the
control from the first day of conservation. In addition,
it was found that starting from the 3rd day, hydration in
the experimental group reached nominal values with a
tendency to increase, so further observation became in-
appropriate. Thus, the experimental preservation medium
developed in this study [16] provides a more pronounced
dehydration of the cornea during the first 2 days of sto-
rage compared to the standard preservation medium used
in the control group.

At the end of 4 days of conservation in the study
of the viability of endothelial cells of ultrathin corneal
grafts by immunofluorescence microscopy using “Live
and dead” marker, there was no significant difference
between the groups (p > 0.05): 88.4% of living cells, 11,
6% of dead cells in the experimental group (Fig. 2, a) and
87.9% of living and 12.1% of dead cells in the control
group (Fig. 2, b). Thus, despite the dehydration in the
experimental group, the study of the morphofunctional
preservation of endothelial cells of the ultrathin graft
did not reveal a significant difference with the control
group, which excludes the toxic and damaging effect
of the conservation medium created according to the
proposed recipe.

At the second stage of the study, ultrathin posterior
layered grafts in both groups were formed using a lon-
gitudinal microkeratome by a single pass with a 550 um
cutting head (Moria, France). It was noted that in the ex-
perimental group, due to the lower hydration of the donor
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Fig. 1. OCT-picture of changes in the thickness of the donor cornea in the experimental (a) and control (b) group on the Oth (1),
Ist (2), 3rd (3) and 4th (4) day of the study

Fig. 2. Fluorescence staining of endothelial cells of the posterior corneal graft on the 4th day of conservation, Live and dead,
in the experimental (a) and control (b) group. Laser scanning microscopy, x100. Staining: green — living cells, red — dead
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corneas, a single passage with the cutting head makes
it possible to form statistically significantly (p < 0.05)
thinner posterior layered grafts (123 =27 um) compared
to the control (190 £ 35 um) (Fig. 3, a-b).

The results of scanning electron microscopy of ult-
rathin grafts formed according to the proposed technique

demonstrate the preservation of the architectonics of
corneal collagen fibers preserved in the proposed medi-
um (Fig. 4, a), and signs of hydration of corneal fibers
from the control group on the 2nd day of conservation
(Fig. 4, b). Additionally, an image of the ultrastructure
of the graft of the experimental group is shown in Fig. 5.
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Fig. 4. The picture of the slice of the ultrathin posterior transplant on the 2nd day of conservation in the experimental (a) and
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Fig. 5. Pictures of the profile of the slice (a) and endothelial layer of cells (b) of the ultrathin posterior graft on the 2nd day of
conservation in the experimental group. Scanning electron microscopy, a — x2000, b — x200
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DISCUSSION

The advantage of selective endothelial keratoplasty
at the moment is doubtless. Operation in a closed palate
significantly reduces the risk of developing dangerous
intraoperative complications; in addition, the absence of
an extensive through scar and complete preservation of
the stroma allows maintaining the biomechanical resis-
tance of the cornea to injury, innervation and trophism
of the recipient’s cornea, and minimizing induced astig-
matism. In general, this contributes to a reduction in the
period of clinical and visual rehabilitation of patients
after transplantation of the donor cornea. The descemet
stripping automated endothelial keratoplasty (DSAEK)
is currently the most commonly used surgical method
for the rehabilitation of patients with epithelial endothe-
lial corneal dystrophy of various origins in developed
countries. However, the question of the possibility of
improving the clinical and functional results of DSAEK
by using grafts of the posterior layers of the donor cor-
nea with a minimum residual stroma thickness remains
unresolved. In this regard, on the basis of eye tissue
banks, the proposed technology for the preparation of
an ultrathin flap of a cadaveric donor cornea based on
the created preservation medium for dehydration and an
optimized cutting technique can be used.

CONCLUSION

The conservation medium developed in this study
[16] provides a more pronounced dehydration of the
cornea during the first 2 days of cultivation as compared
to the standard conservation medium. It was shown that
this fact makes it possible to obtain a graft of the poste-
rior corneal layers with a thickness of 123 + 27 um by
a single passage with a microkeratome with a 550 um
head, compared with a thickness of 190 + 35 pm obtained
in the control group. The study of the morphofunctional
preservation of endothelial cells of the ultrathin corne-
al graft did not reveal a significant difference with the
control group, which excludes the toxic and damaging
effect of the conservation medium created according to
the proposed recipe. Thus, the proposed conservation
medium can be used to obtain ultrathin transplants of
the posterior layers of the cornea and thereby improve
the functional results of the operation.

The authors declare no conflict of interest.
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With the limited capacity of the available donor pool and the simultaneously growing demand for heart trans-
plantation, expanding the heart donor selection criteria as one of the ways of increasing the availability of organ
transplantation, and particularly donor heart, has become a challenge. On one hand, the use of expanded criteria
donors increases the number of transplants and reduces the time spent on the waiting list. On the other hand,
however, it increases the risk of adverse transplant outcomes. Accordingly, high-risk donors require a more tho-
rough objective assessment using predictive models, while organs obtained from expanded criteria donors, require
optimal selection of a donor-recipient pair. Analysis of global and national studies presented in this review reveals

the depth of the current problem of heart donor selection.

Keywords: expanded criteria heart donors, cardiac donor selection, donor heart assessment criteria,

prognostic models.

INTRODUCTION

The efficacy of heart transplantation is directly depen-
dent on the maximum use of the available donor resource
and suggests that each donor heart should be considered
for transplantation by all existing programs in order to
avoid the loss of a “working” donor organ. Assuming that
all proposed donor hearts are successfully transplanted,
the problem of organ shortages will become less acute
[1]. However, clinicians, when faced with hearts from
donors with extended criteria, tend to make decisions
more often on rejection, fearing the negative impact of
donor risk factors on the outcome of heart transplantation
[2]. Despite the lack of organs, only 39.2% of the donors
declared in Eurotransplant in 2010 were considered as
possible heart donors, and only 66.6% of them became
effective donors [3]. In addition, unlike the United States,
where there has been no increase in the number of effec-
tive heart donors with extended criteria since the 2000s,
the average age of heart donors in Europe continues to
increase, reaching 34 years in 1996, 36 years in 2000,
in 2010 — an increase to 43 years [3, 4].

Thus, there is a reasonable need for an objective as-
sessment of the donor heart based on modeling the de-
gree of influence of donor risk factors on the outcome
of heart transplantation. In modern conditions, when
the number of “ideal” donors is extremely small and the
majority of donors are in the so-called gray zone, that
is, between “ideal” and “unsuitable”, verified criteria for
assessing the donor heart are needed, which will help in
an objective decision-making — to use or refuse a donor
heart [2].

SELECTION OF HEART DONORS. EXPANDED
CRITERIA HEART DONORS AND THEIR EFFECT
ON HEART TRANSPLANTATION RESULTS

Currently, the selection criteria for a donor heart vary
widely depending on the country, the medical institution
performing the heart transplant, the experience of wor-
king with donors with extended criteria, etc. The most
noticeable differences relate to the donor’s age, cause
of death, history of tobacco smoking, the state of the
donor’s hemodynamics, as well as circulatory arrest, epi-
sodes of hypotension, their number and duration [5, 6].

The traditional selection criteria for heart donors
include age <55, no chest injury and heart disease, no
prolonged hypotension and hypoxemia, stable hemody-
namics, mean arterial pressure (MAP) >60 mm Hg. Art.,
central venous pressure (CVP) from 8 to 12 mm Hg. Art.,
inotropic support less than 10 mg/kg/min (dopamine or
dobutamine), ECG and Echo-CG without pathological
changes, the state of the coronary arteries according to
coronary angiography (CAG) according to the age and
history of the donor [7].

Modern approaches to the selection of a donor heart,
first of all, donor risk factors should be considered that
can negatively affect the results of transplantation. Donor
age is widely regarded as the most important risk factor,
along with left ventricular (LV) ejection fraction <50%,
which does not improve after donor conditioning, and
LV myocardial hypertrophy [8].

Donors with characteristics associated with an increa-
sed risk of graft failure are referred to as expanded crite-
ria donors (ECD). According to Kilic (2014), in order to
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reduce the deficit of donor hearts, it is necessary to pay
special attention to working with donors with extended
criteria (DRC). Such donors require careful selection of
the recipient, which contributes to the achievement of
optimal survival results for recipients who received a
heart from ECDs [6].

Donor factors that are most often found in publi-
cations as independent risk factors for transplantation
outcome include donor age, female gender and cold
ischemia duration [9].

Despite the fact that the clinical characteristics of the
recipient are more significant in predicting survival after
transplantation, donor risk factors also have a proven
influence on the results of transplantation [9-11].

Accordingly, in the process of deciding on transplan-
ting a donor heart, it is necessary to consider the donor
and recipient factors in a complex manner. Heart trans-
plants obtained from high-risk donors and transplanted
to recipients with the least number of aggravating factors
demonstrate higher survival rates; in addition, optimized
donor and recipient selection is one of the possible ways
to reduce the shortage of donor organs for transplantation
[9, 11].

PREDICTIVE EFFECT OF DONOR AGE
ON HEART TRANSPLANTATION RESULTS

One of the recent studies by Bergenfeld (2019) de-
monstrates the prognostically unfavorable effect of the
donor’s age with a difference with the recipient of +10
years in the form of an increase in the risk coefficient
(RR) of the recipient’s death in a 30-day period after
transplantation to 1.19, in 1th year after transplantati-
on — 1.16, in the time periods after transplantation 1-3
years, 3—5 years, 5-10 years, the risk coefficient is 1.12;
1.07 and 1.07, respectively. The study included 64,354
heart transplant cases in 1988-2013 [12]. Another study
performed in the USA (Lushaj, 2019) retrospectively
analyzed 755 heart transplant patients and found that
the long-term survival of recipients who received a heart
from a donor <45 years is significantly higher compared
to recipients who received a heart from a donor >45
years. The risk of death was also higher in heart recipi-
ents from donors >45 years old [13]. At the same time,
a study by Ravi (2019) using the UNOS register for the
period 2008-2017. (19 514 heart transplants), shows
that when a heart transplant from a donor over 50 years
old to a recipient in the age range of 1839 years, there
is no decrease in survival. Recipients in the 40-49 age
group who received hearts from donors 40-49 years
old and over 50 years old have a 10-year survival rate
decrease by 43 and 75%, respectively, compared to the
group of recipients who received donor hearts in the
18-29 age range. Similarly, in recipients <50 years old
who received donor hearts 30-39, 40—49, >50 years old,
there was a decrease in 10-year survival by 14, 27 and

47%, respectively. Thus, it is important to note that donor
age does not decrease survival in young recipients [14].

GENDER AND ANTHROPOMETRIC
CONFORMITY OF DONOR AND RECIPIENT

A number of studies have revealed that the female
gender of the donor is considered as an independent
factor in increasing mortality in recipients of the oppo-
site sex [15-21]. Men who received hearts from male
donors had the highest cumulative survival rate in 5 years
[22]. The mechanisms underlying the obtained results of
gender mismatch are not entirely clear but may be asso-
ciated with a mismatch in the size of the heart, despite
the coincidence of the weight of the donor and recipient
of the opposite sex [23].

A weight difference in the range of 20-25%, or a
donor to recipient weight ratio in the range of 0.8—1.2,
are generally considered acceptable for transplantati-
on. D.O. Taylor et al. (2007) found that a decrease in
the donor to recipient body mass index ratio is a sig-
nificant risk factor for an increase in 5-year mortality
[24]. However, N.D. Patel et al. (2008) by analyzing
the combined database of the Registry of Donor Organs
for the period 1999-2007. found that 30-day mortality
was highest in recipients with a donor/recipient weight
ratio <0.8, but the finding was not statistically significant
[25]. R.M. Reed et al. (2014) demonstrated that there was
no difference in survival between underweight donor,
overweight donor and the group in which the ratio by
weight to the recipient was optimal. In modern clinical
practice, the weight ratio between donor and recipient
is considered in combination with the presence of other
risk factors, such as the clinical condition and history of
the donor, and the time of graft ischemia. Similarly, the
body mass index (BMI) is considered most often in cases
of severe obesity, both donor and recipient [16]. Thus,
in the selection of a donor and the selection of a donor-
recipient pair, donor weight in the absence of other risk
factors is not a contraindication for heart transplantation.
Recently, attention has been paid to the ratio of the mass
of the left ventricle of the donor and the recipient since
a decrease in survival was revealed with a mismatch in
LV mass by more than 10-15% [23].

EFFECT OF CAUSE OF DONOR'S DEATH
ON THE RESULTS OF HEART TRANSPLANTATION

Some single-center studies demonstrate a decrease
in recipient survival and an increase in the incidence of
vasculopathy of a heart transplant in the event that the
death of the donor is due to non-traumatic brain dama-
ge. Suarez-Pierre et al. (2019) studied 20,244 patients
who underwent heart transplantation in 2007-2016 and
found no statistically significant difference in the 1- and
S-year survival rates of recipients who received hearts
from donors with traumatic brain injury and donors wi-
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thout traumatic brain injury. brain (vascular or another
genesis). Also, no differences were found between the
groups of recipients in the incidence of transplanted heart
vasculopathy [26]. A study by Barac et al. (2019) and
having the same goals as the above study included 58
474 patients after heart transplantation. There was no
difference in patient survival, the median survival was
identical between groups of patients and amounted to
12.3 years [27]. This study is the largest to date in terms
of the number of patients included in it, and the results
obtained should remove concerns about the influence
of the cause of death of the donor on the results of heart
transplantation. An earlier study by Singhal et al. (2009),
devoted to the study of the influence of the cause of death
of the donor on the results of organ transplantation —
heart, lungs, liver, kidneys. The study looked at such
causes of death of the donor as cerebrovascular disease
(stroke), traumatic brain injury, anoxic brain injury, brain
tumor, and other causes. The results of the univariate
model of proportional risks of death of a patient (Cox)
after heart, lung, and liver transplantation show that the
risk ratio (RR) of death of the recipient after heart trans-
plantation from a donor with traumatic brain injury is a
reference value and is 1.0, while the risk coefficient the
death of a recipient who received a heart from a donor
with cerebral vascular injury is 1.20, with the death of
a donor from hypoxia, the risk coefficient is less than
the reference one — 0.96. The results of a multifactorial
model of proportional risks, adjusted for age, sex, the
presence of cytomegalovirus (CMV) infection, diabetes
mellitus, dependence on tobacco and cocaine, hyper-
tension, etc., demonstrated the preservation of survival
rates of recipients depending on the cause of death of
the donor [28]. Swiss researchers led by Rizzi (2016)
found no effect of the cause of death of the donor on
the survival of patients after heart transplantation. The
study included 114 patients who underwent heart trans-
plantation in 1997-2009. Notably, this study used known
indicators of the medical status of a critically ill patient
such as APACHE II, SAPS II and SOFA to classify a
donor as an extended criteria donor. No difference in
survival was found between recipients who received
hearts from a donor with standard and extended criteria
in accordance with the values of the indicated critical
condition indicators [29].

HEART DONORS WITH CARDIOPULMONARY
REANIMATION. DURATION OF TRANSPLANT
ISCHEMIA

There is currently concern regarding the use of a do-
nor heart from a donor with cardiac arrest and subsequent
cardiopulmonary resuscitation (CPR). The key question
is whether such a heart can withstand further ischemic
damage that accompanies brain death, subsequent con-
servation, transportation, and what is important is the

survival rate of recipients after transplantation of such
a heart. The effect of circulatory arrest in donors on the
results of heart transplantation is reflected in a retrospec-
tive study, which included 19,980 donors for the period
1994-2011, of which in 856 cases cardiac arrest was
observed [30]. It was found that 1-, 5-, 10-year survival
rates between standard donors and donors with circula-
tory arrest did not differ significantly. The same authors
found that patients who received heart transplants from
donors with short-term cardiac arrest (0—8 min) had bet-
ter survival rates compared to other groups, including
those who received a donor heart from a standard donor.
As an explanation for the reason, the authors put forward
the hypothesis of ischemic preconditioning, which was
first described by C.E. Murry et al. (1986) [31]. A short
episode of ischemia slows down the rate of ATP depleti-
on, contributes to the preservation of intracellular struc-
ture, a decrease in oxygen consumption, retention and
a decrease in cell necrosis during subsequent ischemic
episodes. Thus C.E. Murry et al. (1986) suggested that
multiple short-term ischemic episodes may protect the
heart from subsequent ischemic exposure. Nevertheless,
an increase in the duration of cardiac arrest in the donor,
exceeding 25 minutes, demonstrated a decrease in the
survival of recipients [30].

Similar results of the absence of a negative effect of
cardiac arrest in donors on the survival rate of recipients
after heart transplantation were obtained by A. Galeone
et al. (2017). The study included 584 cases of heart do-
nation in 2004-2012, of which 117 donors had cardiac
arrest with an average duration of 15 minutes (5-25 mi-
nutes). The authors found that the rates of 30-day and
1-year survival in the groups with CPR and without CPR
did not differ significantly, while the 10-year survival
rate had a significantly better result in donors with CPR
(69.4% vs 50.4%) [32]. A possible explanation for the
obtained results, suggested by A. Galeone (2017), that
the CPR group included younger donors. It is well known
that the young age of the donor is a proven factor that
has a positive effect on the survival of heart recipients
[33]. In addition, the ischemic preconditioning effect
of short-term cardiac arrest, described above, was not
excluded [31].

Russian authors (Poptsov V.N., 2019) also studied the
effect of cardiac arrest of the donor on the survival rate of
recipients after heart transplantation. The study included
28 recipients who underwent heart transplantation (HT)
from donors who underwent CPR from 01.01.2011 to
31.12.2017, which amounted to 4.0% of the total num-
ber of HTs for the analyzed period (n = 698). In terms
of the incidence of early heart transplant dysfunction,
which required the use of post-transplant mechanical
circulatory support (BMC), the recipients of the “donor
with CPR” and “donor without CPR” groups did not
differ significantly. Comparative analysis did not reveal
any significant differences in 1-, 3- and 5-year survival

145



RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS

Vol. XXII' N2 3-2020

rates of recipients in the two groups [34]. Thus, when
analyzing the above studies, no convincing evidence was
found for a decrease in the survival rate of recipients
after heart transplantation from a donor with cardiac
arrest. Donor CPR should not exclude the possibility
of considering the donor heart for transplantation [35].
Speaking of ECDs, it is necessary to know the accep-
table time limits for ischemia of the donor heart (con-
servation), since exceeding the time of conservation is
a factor that negatively affects the survival of recipients.
There are two degrees of duration of ischemia of a
cardiac transplant, optimal and long-term. The optimal
ischemia is less than 180 minutes, and prolonged, more
than 240 minutes. The 1-year survival rate of recipients
is comparable for optimal and prolonged ischemia, alt-
hough long-term data (10-year survival) are still insuf-
ficient for analysis [36]. There are studies demonstrating
that longer ischemia time is associated with increased
mortality in recipients [37—39]. The threshold value of
ischemia of the donor heart is considered to be a value of
300 minutes with insufficient clinical data exceeding this
value. In the presence of other risk factors — the elderly
age of the donor, cardiovascular factors, high doses of in-
otropic and vasopressor support — the specified threshold
for the duration of ischemia cannot be exceeded [40, 41].

MANAGED RISK IN HEART TRANSPLANTATION
FROM EXPANDED CRITERIA DONORS

The selection of a donor heart is often rather difficult
and subjective, despite the guidelines available for de-
ciding whether to use a donor heart for transplantation.
If one transplant center finds the donor heart unsuitable
for transplant, it can and should be offered to other cen-
ters [42].

Table
Reasons Why Hearts Were Declined by first centre
(n=93)
Reasons Primary | Secondary

Inotropic support (%)’ 23.6 4.3
Hemodynamic instability (%)’ 10.7 8.6
ECG changes (%)’ 10.7 5.3
Age (%)* 5.3 12.6
Aggravated history 16.1 13.9
X-ray changes (%)’ 4.3 3.2
Smoking (%)° 6.5 38.7
Other (%)’ 22.8 13.1

Note. ' — dopamine >10 pg/kg/min or noradrenalin >0.2 ug/

kg/min or adrenaline >0.5 pg/kg/min; * — high filling pressu-
res and low systemic blood pressure; * — abnormal rhythm,
bundle branch block, or ST wave changes; * — up to a maxi-
mum of 65 years; ° — abnormal cardiac size/cardiothoracic
ratio or pulmonary oedema; ® — up to 20 pack-years (i. e. 1
pack/d for 20 years); ” — cerebral astrocytoma grade IV, brain
tumour with unknown histological findings, hypernatremia
and hyperkalemia of unknown cause and significant history
of drug abuse.

A 2007 study carried out in Manchester, UK, presents
an analysis of the “primary” and “secondary” reasons
for refusal from a donor heart when the first and subse-
quent transplant centers refused. It is noteworthy that the
range of failure rates of the second center according to
such criteria as high doses of inotropic support, unsta-
ble hemodynamics, ECG changes is 1.5-6 times lower
than that of the first center. However, according to such
donor criteria as the age of the donor and smoking, the
second center refused 2.5 to 6 times more often than the
first, which once again underlines the serious difference
between the centers in the criteria for selecting a donor
heart and demonstrates the need for donor evaluation
by several centers in order to achieve full use of donor
resource in conditions of its deficit (Table) [43].

In the course of this study, two groups of recipients
were also identified, in one (group B) hearts were trans-
planted from the first distribution attempt, in the second
(group A) — after the failure of other transplant centers.
The study found no significant difference in 30-day mor-
tality, length of stay in the intensive care unit (ICU), and
total length of hospital stay between the two groups.
There was no statistically significant difference in the
incidence of death from cardiac causes: 30% in group
A and 22% in group B. Early graft dysfunction was the
leading cause of death in 75% of cases in group A and
69% in group B. Kaplan—Meyer survival curves showed
no significant difference in long-term survival (6 years
of follow-up), log rank test = 0.30.

In all cases of heart donation according to extended
criteria, the balance of risks and benefits associated with
performing heart transplantation in a particular recipient
is of paramount importance, as well as an assessment of
the risk of death in case of refusal of transplantation and
further stay of the recipient on the waiting list. Therefore,
each decision must be made individually and carefully.
Some surgeons transplant borderline hearts into high-
risk recipients, believing that high-risk recipients have a
chance in the event of such a transplant. Other surgeons
transplant suboptimal organs into recipients with a lower
risk of death, relying on the evidence that the severity of
the recipient’s condition is a determining factor in early
survival after transplantation [44].

PREDICTIVE MODELS FOR ASSESSING DONOR
HEART

As noted above, many donor and recipient factors can
influence the outcome of heart transplantation. Accordin-
gly, an objective assessment of the donor heart from the
standpoint of the survival rate of recipients at different
times after transplantation is an important joint task of
the donor service and specialists in the field of heart
transplantation. In the world for this purpose, various
prognostic models are used, including both donor and
recipient factors. The outcome points for which the risk is
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quantified are the recipient’s survival after transplantati-
on and the decision to refuse or use a donor heart. Among
the most well-known models, it is necessary to name the
Index for Mortality Prediction After Cardiac Transplan-
tation (IMPACT), the Index for predicting mortality after
cardiac transplantation, developed in the USA (Weiss ES,
2011), considers 12 preoperative factors of the recipient
and is maximum 50 points, allows predicting the annual
survival of recipients after heart transplantation [45, 46].

J. Segovia et al. (2011) retrospectively investigated
the results of heart transplants performed in one clinic
in 621 recipients in the period 1984-2006. The use of
multivariate analysis made it possible to identify six
independent factors that increase the risk of death in re-
cipients after transplantation, four of which are recipient
factors —right atrial pressure >10 mm Hg. Art., recipient
age >60 years, diabetes mellitus, dependence on inotro-
pic support, and two donor factors — donor age >30 years,
ischemic time >240 min. Based on these results, the
RADIAL risk calculator was developed. The maximum
number was 6 points. Each subsequent increase of one
point was associated with an increased risk of primary
graft failure (PGF). A score of 4—6 was associated with
a more than 5-fold increase in the PGF risk (OR =5.33,
p=0.01) [47].

French researchers led by C. Jasseron (2015) pro-
posed their model for predicting risks after heart trans-
plantation, considering both donor and recipient factors.
The model, validated on a national pool of heart donors,
has shown the effect on the annual survival rate of such
recipient factors as age >50, congenital valvular heart
disease, and, as a consequence, the development of car-
diomyopathy, increased bilirubin levels, low glomerular
filtration rate, among donor factors only female donor
sex [9]. A group of researchers from the United States
already known to us, led by E.S. Weiss (2012) developed
the first predictive model for assessing a donor heart,
considering only donor factors. During the logistic re-
gression and multivariate model, 4 donor factors were
identified that significantly affect the annual survival rate
after heart transplantation — the time of cold ischemia
(conservation), donor age, racial differences between
donor and recipient, and urea/creatinine ratio >30 [10].

Using the European Registry of Donor Organs,
J.M. Smits et al. (2012), created a donor heart assess-
ment model using more than 20 donor factors. With the
logistic regression method, the degree of influence of
donor factors on the level of 3-year survival of recipients
was revealed [2, 47].

Mention should be made of the risk stratification as-
sessment developed using the UNOS Organ Transplant
Registry to predict annual survival after heart transplan-
tation. The assessment includes 13 recipient factors, 3
donor factors, and 2 common factors [38].

The International Heart Transplant Survival Algo-
rithm is a predictive model of short-term and long-term

survival after heart transplantation using complex mode-
ling of 32 recipient risk factors and 11 donor risk factors
[48]. Also, the combined assessment of the recipient and
the donor was used in the study by J.R. Trivedi (2016),
where it was shown that heart transplantation from a
high-risk donor to a low-risk recipient is associated with
good 5-year survival, while heart transplantation from
a high-risk donor to a high- or very high-risk recipient
leads to a low five-year survival rate — from 65 up to
49% [49].

CONCLUSION

With the increasing number of donors with extended
criteria, the need to revise the approaches to the selection
of heart donors is of paramount importance. In order to
increase the efficiency of heart transplantation, select the
optimal recipient for transplantation, improve the algo-
rithms for the distribution of the donor heart, maximize
the use of the donor resource, donor service specialists
and clinicians need a modern tool in the form of a prog-
nostic model for a comprehensive objective assessment
of the donor heart and the recipient’s risk factors in the
context of the outcome of heart transplantation... For
Russia, where over the past 12 years (2006-2018) the
number of heart transplants has increased 25.6 times,
including due to the work with donors with extended
criteria, the development and use of such a prognostic
model becomes extremely urgent.

The authors declare no conflict of interest.
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