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TPAHCNAAHTOAOTUA

U UCKYCCTBEHHbIE OPTAHbI
B HOBOW HOMEHKAATYPE
HAYYHbIX CNELUAAbHOCTEN:
TAPMOHUYHOE CO4ETAHUE
CTABUABHOCTH

U OBHOBAEHUA

B 2021 200y 6 naweti cmpane
ymeepocoena Ho8as HOMEHKIAmy-
Pa HayuHslX cneyuaibHocmell, no
KOMOPbIM NPUCYHCOAIOMCSL YYe-
Hble cmenenu (npukas Munobpha-
yru Poccuu Ne 118 om 24 ¢pespans
2021 200a). Uzmenenus npeonpu-
HAMbL C YENbl0 paA36UMUSL NEPCHEK-
MUBHBIX HAYUYHBIX HANPAGIEHUU U
MENCOUCYUNTUHAPHBIX UCCTLe008a-
HUL, a makoice akmyaiuzayuy Ha-
UMEHOBAHUL HAYYHbIX CHeYUudlb-
Hocmel.

Homenxnamypa nayunvix cneyu-
anvHocmel, no KOMopblM NPUCYIHC-
oaromces yuenvie CmeneHu, — 3mo
BANCHBIU UHCMPYMEHN Peanu3ayu 20Cy0apcmeeH-
HOU NOIUMUKU 8 cghepe no020mosKu u ammecmayuul
HAYYHBIX U HAYYHO-Ne0a202uieckux Kaopos, co30d-
IOWULL NPEONOCHLIKU 0151 KOHYEHMPAyUuu yCUIuil Ha-
VUHO20 CO0OWecmsea Ha pa3sumuu NepCneKmMuEHbIX
HayuyHwlx Hanpaenienul. Hoeas nomenkiamypa na-
npasiena makdce Ha UHMe2payuo co8PeMeHHOll
POCCULICKOU HAYKU 8 MeNHCOYHAPOOHOe HAYYHOe
nPOCMPAHCMBO.

B Ho60U HnOMeHK1amype HAYUHAS CReyudib-
HOCMb «MPAHCNIAAHMONO2USL U UCKYCCHMBEHHbIE
opeanvly (3.1.14, meouyunckue u 6uonocuuecKue
HAYKU) COXPAHUIA C80€ CAMOCMOAMENbHOE MeCmo,
UHMe2PUPOBALa 8 ceOsi CMeCHble HanpPAasleHUs Ha-
VKU U 6XO0UM 8 2PYNNY HAYUHBIX CHeYUANbHOCMell
«Knunuueckas meouyunay.

Tpancnnanmono2us, onupascy Ha Hogeliuiue 00-
CMUdCEHUs] HAYKU U OUOMEOUYUHCKUX MEXHONLO2UL,
npooodHcaem coe passumue 8 MecHoll CesA3U C UH-

TRANSPLANTOLOGY

AND ARTIFICIAL ORGANS

IN THE NEW NOMENCLATURE
OF SCIENTIFIC SPECIALTIES:
A HARMONIOUS
COMBINATION OF STABILITY
AND RENEWAL

A new nomenclature of scientific
specialties under which academic
degrees are awarded was appro-
ved in Russia in 2021 by Order
No. 118 of the Russian Ministry of
Education and Science, dated Feb-
ruary 24, 2021. The changes were
undertaken with the aim of develo-
ping emerging research areas and
interdisciplinary research, as well
as updating the names of scientific
specialties.

E——

The nomenclature of scientific
specialties under which academic
degrees are awarded is an impor-
tant tool for implementing state policy on training
and certification of scientific and pedagogical per-
sonnel, creating preconditions for concentrating the
efforts of the scientific community on development of
up-and-coming research areas. The new nomencla-
ture is also targeted at integrating modern Russian
science into the international scientific space.

In the new nomenclature, scientific specialty
“Transplantology and artificial organs” (3.1.14,
medical and biological sciences) has retained its
free-standing position, integrated into itself allied
areas of science and is included in group of scientific
specialties “Clinical medicine”.

Relying on the latest achievements in science and
biomedical technology, transplantology continues
to evolve in close connection with innovative, cel-
lular and bioengineering technologies, regenerative



HOBAYUOHHBIMU, KIEMOYHLIMU U OUOUHIICEHEPHDL-
MU MEXHONOSUAMU, Pe2eHePamuUeHol MeOUYUuHou,
co30anuem u npumMeHeHuem OUOUCKYCCMBEHHbIX
OpP2aHO8 U CUCTEM.

B npoexme obnosnennoii pedaxyuu nacnopma
CneyuanbHoCmu «MpaHCHIAHMON02Usl U UCKYC-
CMBeHHble OP2aHbLY COXPAHEHbl OCHOBHbIE XAPAK-
MepucmuKu, 3a10J4ceHnvle ewje 35 1em Hazao npu
OMKPLIMUU CNEYUATLHOCU, HO CYU{eCMBEHHO pac-
wupen pazoen «001acmu UcC1e008aHUsY, OMpPAd#Ca-
FOUULL COBPEMEHHBILI YPOBEHb PA3BUMUSL NOCTICOHUX.

Mooxcno koHcmamupogams, 4mo co8pemMeHHAs!
MPAHCRAAHMONI02US — APKULL NPUMep CMAaOUIbHO-
20 passumusl U 603MONCHOCMEU COBPEMEHHOU Me-
OUYUHbl — NPOYHO 3A60€6a1A CE0U NOZUYUU U KAK
MHO20NPODUIbHASA HAYYUHAS OUCYUNTUHA, U KAK
001acmy KIUHUYECKOU MeOUYUHbl, C8A3AHHASL C
UHHOBAYUOHHBIMU MEXHOIO2UAMU, UCTIONb3VIOU AL
Hogeluue 00CMUNCEHUSI eCMEeCMBEHHbIX U MOYHbIX
nayk. Ilo cymu, mpancnianmono2us a613aemcsi u-
me2panbHol 001acmvi0 HAYYHBIX UCCIe008aAHUL,
AKKYMYIUPYIOWUX U AKIMUBHO UCHONLIVIOWUX O0-
CMUNCEHUST UMMYHONI02UU, MOLEKVIISIPHOL OUOLO2UU
u buoxumuu, OUOMEXHON02UU, MOYHBIX HAYK (buo-
MexXanuxa, OuouHICceHepus u 0p.), MecHoO C8A3AHHOU
¢ 000CHOBAHHOU UHHOBAYUOHHOU NOJUMUKOLL.

C ysaoicenuem,
axademux PAH C.B. Tombe

medicine, creation and use of bioartificial organs
and systems.

The draft of the updated version of the passport
of specialty “Transplantology and artificial organs”
retains the basic characteristics laid down 35 years
ago when the specialty was created. However, the
section ‘fields of research” was significantly ex-
panded, reflecting its current level of development.

It can be said that modern transplantology is a
vivid example of the stable development and po-
tentials of modern medicine, it has solidly gained
its positions both as a multidisciplinary research
discipline and as a field of clinical medicine that
is associated with innovative technology, using the
latest achievements in natural and exact sciences.
Transplantology is arguably an integral area in sci-
entific research, accumulating and actively using
achievements in immunology, molecular biology,
biochemistry, biotechnology, exact sciences (bio-
mechanics, bioengineering, etc.), and closely con-
nected to a sound innovation policy.

N Sincerely,
S.V. Gautier
Member, Russian Academy of Sciences
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ROTATIONAL CORONARY ANGIOGRAPHY
IN HEART TRANSPLANT RECIPIENTS

S.A. Sakhovsky, E.A. Kalchenko, B.L. Mironkov

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

As a screening method for detecting coronary lesions, coronary angiography (CAG) is becoming increasingly
important in the activities of transplant centers. Angiography examination of coronary arteries is performed in
potential recipients of various organs, related donors, and annually in heart recipients. Given the grave condition
of recipients in the early post-transplant period and annual angiographic studies, it is necessary to strive for reduc-
tion of radiation load on the body and reduction of dose of X-ray contrast agents used. Objective: to assess the
possibilities of using rotational CAG in the activities of transplant centers. Materials and methods. We observed
254 patients who underwent CAG. Their ages ranged from 21 to 79 years (mean 46.92 + 1), and 90% were men.
All patients were divided into two groups: group 1 included 142 patients who underwent rotational CAG, while
group 2 was the control group (where classical polyprojection CAG was performed) and included 112 patients.
Group 1 was divided into 2 subgroups — the subgroup of patients after heart transplantation who underwent endo-
myocardial biopsy along with CAG (n = 51), and the subgroup of patients who underwent only rotational CAG.
Results. In 91% of patients, CAG was performed by radial access. In group 1, stenotic lesions were detected in
33 patients: 19 had single-vessel lesions, 9 had two-vessel lesions, and 5 had three-vessel lesions. A total of 56
hemodynamically significant stenoses were detected, 9 of which were chronic total occlusions. In 83 patients (60%),
performing only 2 series of rotational scans (one left and one right coronary artery) was sufficient. In 32 (23%)
patients, one more clarifying projection was required, in 17 patients two and in 9 — 3—5 additional projections. In
3 cases, we switched to polyprojection CAG. The average amount of contrast agent used was 24.4 = 0.9 ml, the
average X-ray dose was 34561.3 + 1695.2 mGycm®. The need for a contrast agent was significantly higher in the
comparison group — 24.4 £ 0.9 mL and 103.5 + 1.7 mL, respectively. The average X-ray dose in the main group
was 34561.3 + 1695.2 mGycm?, in the comparison group 41430.9 + 4141.7 mGycm®. However, there was no
significant difference between the groups. Subgroup analysis showed that patients who underwent only rotational
CAG had lower radiation exposure compared to patients who underwent CAG combined with endomyocardial
biopsy biopsy (EMB), as well as significantly lower load compared to the control group. Conclusion. Rotational
CAG can be considered as the method of choice at transplant centers, where screening diagnostics of the state of
the coronary bed is required, which is equivalent in terms of information content and safety. Rotational CAG al-
lows to reduce the amount of injected contrast agent by more than three times, which in turn reduces the number
of associated complications, as well as the radiation exposure of patients and medical personnel.

Keywords: rotational coronary angiography, heart transplantation, transplantology.

to detect and control the progression of heart transplant
vasculopathy. Every related organ donor over 30 years
of age, as well as all recipients of other organs, with the
exception of pediatric patients, undergo a CAG prior to
the removal and transplant surgery [4].

Rotational CAG (rCAGQG) is a relatively modern me-
thod, which allows to optimize the CAG procedure as
much as possible, by reducing the procedure time and
reducing the use of contrast agent. The latter is espe-

INTRODUCTION

Coronary angiography is becoming increasingly
important in transplantation centers as a screening tool
for detecting coronary lesions [1, 2]. Rejuvenation of
atherosclerosis in modern civilization, and its increasing
spread in the population, reduces the pool of potential
donors and becomes a contraindication for recipients
[3]. Cardiac recipients are a special category of patients
in whom coronary angiography is considered the gold

standard for evaluating the condition of the coronary
arteries. These patients undergo CAG immediately after
heart transplantation to detect donor-associated athe-
rosclerotic lesions in the graft coronary arteries. And
subsequently, a CAG screening is performed annually

cially relevant for patients with end-stage renal failure,
potential recipients with severe concomitant conditions,
as well as potential related donors, who are exposed to
contrast-induced nephropathy after CAG, which in turn
requires correction and rescheduling of transplantation.

Corresponding author: Stepan Sakhovsky. Address: 1, Shchukinskaya str., Moscow, 123182, Russian Federation.

Phone: (926) 636-00-31. E-mail: milifolium@gmail.com
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Consideration of the advantages of rCAG, in compari-
son with classical polyprojection CAG, is a hot issue in
transplantation practice.

Objective: to compare rCAG with conventional co-
ronary angiography in patients admitted at Shumakov
National Medical Research Center of Transplantology
and Artificial Organs.

MATERIALS AND METHODS

We present results on observation of 254 patients who
were admitted at Shumakov National Medical Research
Center of Transplantology and Artificial Organs from
2018 to 2020 for CAG. The age of study subjects ranged
from 21 to 79 years (mean 46.92 + 1); 90% were men. All
patients were divided into two groups: group 1 included
142 patients for whom rCAG was performed; group 2
was the control group (where conventional polyprojec-
tion CAG was performed), which included 112 people.
Group 1 was divided into 2 subgroups: a subgroup of
patients after orthotopic heart transplantation (OHTX),
in whom endomyocardial biopsy (EMB) was performed
together with CAG (n =51), and a subgroup of patients
in whom only rCAG was performed. All patients under-
went standard examination, which included ECG and
EchoCG. ECG included 12-channel recording of heart
potentials using a Megacart device (Siemens, Germany).
EchoCG was performed on a VIVID 9 apparatus (GE,
USA). Conventional poly-projection CAG was perfor-
med according to M. Judkins technique by femoral or
radial access using ALLURA XPER apparatus (Phillips,
The Netherlands). The standard protocol included 5 pro-
jections for the left coronary artery and 2 projections
for the right one. Rotational CAG was performed on
ALLURA XPER (Phillips, The Netherlands) using the
XperSwing software.

The study data were processed by parametric statistics
using Microsoft Excel and IBM SPSS Statistics version
22. The arithmetic mean of the indices and standard er-
rors of the mean were given in the study. The significance
of differences was assessed by criteria for nonparametric
variables: Wilcoxon signed-rank test for pairwise com-
parisons of dependent variables and Mann—Whitney U
test for comparisons of independent variables.

RESULTS

The procedure recorded a 100% success. CAG was
performed by radial access in 91% of patients, and by
femoral access in the rest of the patients. Radial access
had technical difficulties in 10 patients: 2 vascular loops
of the brachial or radial artery, 1 radial artery occlusion,
and 7 severe radial artery spasms. Two cases required
conversion of the access to femoral access. A single bi-
lateral diagnostic catheter was required to perform 90%
of CAG. None of the studied patients showed signs of
contrast-induced nephropathy.

CAG in the first group revealed stenotic lesions in
33 patients: 19 patients had single-vessel lesions, 9 pa-
tients had two-vessel lesions, and 5 patients had three-
vessel lesions. A total of 56 hemodynamically significant
stenoses were detected, 9 of which were chronic total
occlusions. In 83 patients (60%), only 2 series of rotati-
onal imaging (one of the left coronary arteries and one
of the right one) were enough. Due to the severity and
prevalence of stenotic lesions, 32 (23%) patients required
one more clarifying projection, 17 patients required two,
and 9 patients required 3—5 additional projections. In
3 cases, there was a transition to polyprojection CAG.
The average amount of contrast agent used was 24.4 +
0.9 mL, the mean X-ray exposure dose was 34561.3 +
1695.2 mGycm?®.,

When comparing the groups of patients who under-
went rotational and conventional polyprojection CAG,
there was a significantly greater need for a contrast
agent —24.4 + 0.9 mL and 103.5 + 1.7 ml, respectively.
The mean X-ray dose in the main group was 34561.3 +
1695.2 mGycm?, in the comparison group 41430.9 +
4141.7 mGycm®. However, there was no reliable diffe-
rence between the groups. Radiation exposure indicators
are presented in Table.

This can be explained by the fact that in 51 patients,
EMB was performed along with CAG, which increased
fluoroscopy time and consequently radiation exposu-
re. This was confirmed by a subgroup analysis, which
showed that patients who underwent rCAG alone had a
lower radiation exposure compared with patients who
underwent CAG in combination with EMB, as well as
a significantly lower exposure compared with the com-
parison group.

Table
Comparison of groups (subgroup groups) by the amount of contrast agent used and X-ray dose
Group Main group Comparison group p
Subgroup CAG subgroup | CAG + EMB subgroup
Quantity of contrast agent used, mL 244+0.9 103.5+ 1.7 0.001
Dose, mGycm 34561.3 £ 1695.2 0.678
’ 28390.9 + 1679.8 414309 +4141.7 0.001
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DISCUSSION

Transplant coronary artery disease is a major cause
of graft death in heart recipients, which in turn reduces
quality of life and increases mortality in this patient po-
pulation. CAG remains the screening method of choice
for detecting donor-transmitted coronary artery athero-
sclerosis in the early postoperative period. Recent gui-
delines on the management of heart transplant recipients
consider CAG as the gold standard for detecting coronary
lesions in the graft bed, both in the early postoperative
period and cardiac allograft vasculopathy (CAV) in the
long-term period. The nature of coronary bed lesions is
determined according to S.Z. Gao classification, which
was modified at Shumakov National Medical Research
Center of Transplantology and Artificial Organs [5, 6].
The Stanford classification is used to describe the mor-
phology of coronary lesions from discrete atherosclerosis
to concentric arterial obliteration [5, 7].

However, analysis of polyprojection angiograms may
underestimate both the prevalence and the extent of CAV
due to vascular remodeling involving the entire coronary
bed, which does not always reduce the lumen diameter
at an early stage [8, 9]. Therefore, angiograms should be
interpreted serially, as new, concentric lesions may not
be visualized on single-plane angiograms. Because of
these limitations, additional imaging techniques, such as
intravascular ultrasound (IVUS), and optical coherence
tomography (OCT) and the like have been proposed to
increase CAV detection sensitivity.

Technological advances in angiographic equipment
and software have made it possible to perform rCAG.
Rotational CAG is a relatively new imaging technique
that involves a predefined algorithm for rotating the
X-ray tube around the patient in all required axes. The
obtained angiograms provide significantly more informa-
tion and allow to reconstruct a three-dimensional image
of the vascular bed and visualize each coronary artery
in different projections using a single injection of a ra-
diopaque contrast agent into the left or right coronary
artery system [10-12].

Numerous studies have demonstrated the advantages
of rotational angiography, including reduced volume of
radiopaque contrast agent, reduced procedure time, and
less radiation exposure compared to standard coronary
angiography [13, 14—16]. Adult studies have shown that
rCAG provides comparable, and in some cases superior,
image quality to static angiography for the evaluation of
coronary heart disease. There is evidence on the use of
rCAG in children. The International Society for Heart
and Lung Transplantation (ISHLT) recommends corona-
ry angiography even once a year in patients after heart
transplantation [17, 18].

Since OHTx patients generally do not suffer from
angina, due to donor heart denervation, coronary artery
stenosis is an incidental finding, which is a prognostic

10

sign of graft rejection process. Along with heart recipi-
ents, there are additional categories of patients (potential
recipients of kidneys, livers, lungs, etc., related organ
donors) in transplant centers that require CAG scree-
ning. For these groups of patients, rotational CAG is
preferred as a highly informative diagnostic method with
minimal risks of complications (e.g. contrast-induced
nephropathy, etc.).

CONCLUSION

Rotational coronary angiography represents a rela-
tively new angiographic method, which is equivalent in
terms of image quality and information content, requires
less use of contrast agent, is characterized by less radiati-
on exposure and less CAG procedure time, as compared
to the conventional polyprojection CAG. This approach
can be preferable in the activities of transplantation cen-
ters, where screening diagnostics of coronary bed con-
dition is required, because it is informative, and allows
to reduce by more than threefold the amount of contrast
agent introduced in the patient and the associated risks
of complications, as well as reduce radiation exposure
on patients and medical staff.

The authors declare no conflict of interest.
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Introduction. To prevent post-transplant complications associated with unbalanced immunosuppression, objec-
tive indicators reflecting the state of the immune system and associated with the immunosuppressant dose are
required. In pediatric liver transplantation, an important indicator of hepatocellular function and restoration of
anthropometric characteristics is insulin-like growth factor 1 (IGF-1), which exhibits both nonspecific and se-
lective immunomodulator properties. Objective: to assess the correlation between growth hormone and IGF-1
levels and tacrolimus dose and blood concentrations in pediatric liver recipients and to determine the possibil-
ity of using the IGF-1 level in selecting the drug dose required to achieve its target concentration in the blood.
Materials and methods. We examined 156 children aged from 2 to 105 (median — 8) months with liver cirrhosis
of various etiology, who received liver from a living related donor. The concentration of growth hormone and
IGF-1 was determined in blood plasma before, one month, and one year after transplantation using the enzyme-
linked immunosorbent assay. Tacrolimus residual concentration was measured in the patient’s whole blood by
immunochemical method. Results. Growth hormone levels in the blood of pediatric liver recipients did not cor-
relate with the dose or concentration of immunosuppressant tacrolimus one month or one year after transplantation,
whereas the IGF-1 content was directly related to tacrolimus dose one year later (r = 0.41, p = 0.001), but not a
month after surgery. The correlation coefficient was higher in uncomplicated post-transplant recipients (r = 0.51,
p = 0.002) than in those with complications (r = 0.26, p = 0.17). The diagnostic efficiency of the IGF-1 level
as an objective criterion for selecting the tacrolimus dose required to achieve its target blood concentration was
0.80+0.11; 95% CI [0.58-1.00] (p = 0.007). In recipients with blood IGF-1 levels >115.7 ng/mL, the probability
of prescribing a tacrolimus dose >0.25 mg/kg/day was 14 times higher than in children with lower blood IGF-1
levels. The estimated accuracy of the test was 83%, positive predictive value was 71%, and negative predictive
value was 85%. Conclusion. The IGF-1 level was found to correlate with tacrolimus dose in liver transplant
recipients one year after transplantation. The diagnostic efficiency of IGF-1 as a potential indicator for choosing
the tacrolimus dose required to achieve its target blood concentration is 80%, which suggests further study of the
test to assess the effectiveness of immunosuppression and selection of an individual immunosuppressant dose.

Keywords: living-donor liver transplantation, congenital biliary tract diseases, biomarker, effectiveness of
Immunosuppression.

INTRODUCTION

The initial dose of immunosuppressants is prescribed

After organ transplantation, all patients are prescribed
immunosuppressive drugs to prevent rejection, which
in turn may have side effects [1, 2]. A 2—3-component
immunosuppressive therapy in pediatric liver recipients
includes tacrolimus (TAC), a calcineurin inhibitor. The
difficulty in selecting the optimal dose of calcineurin
inhibitors is associated with the narrow therapeutic index
and significant variability of individual pharmacokinetics
of drugs. If the drug dose is insufficient, graft rejection
is possible, an excessive dose may lead to infectious
complications.

taking into account clinical parameters like age, race,
donor/recipient leukocyte antigen (HLA) compatibility,
presence of HLA antibodies, etc. The effective TAC dose
is selected based on the results of monitoring its residual
concentration in the blood [3].

To reduce the incidence of complications, objective
indicators reflecting the state of the immune system and
associated with TAC dose or serum levels are needed
[4, 5]. Methods currently being developed to assess the
immunosuppression efficacy are based primarily on mea-
surement of parameters characterizing the T cell respon-
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se: quantitative determination of T cell proliferation, T
cell cytokine secretion, adenosine triphosphate (ATP)
release in T cells, phenotyping of T cell determinants,
etc. [6, 7]. Despite a significant number of studies, im-
munosuppression efficacy indicators have not found their
application in clinical practice for a number of reasons,
such as duration and complexity of analysis or its lack
of accuracy and reproducibility [8, 9].

In pediatric liver transplant (LT) recipients, the
growth hormone/insulin-like growth factor 1 (IGF-1)
system related to hepatocellular function, growth and
body weight regulation are important indicators. elevated
levels of growth hormone are combined with stunted
growth and body weight due to reduced IGF-1 levels in
the blood. Liver transplantation in children is accom-
panied by improved anthropometric parameters during
restoration of growth hormone/IGF-1 system [10, 11].

IGF-1, synthesized mainly in the liver, mediates the
peripheral effects of growth hormone, exerting a prolife-
rative, regenerative, and antiapoptotic effect on various
tissues [12]. The effect of IGF-1 on the immune system is
associated with regulation of proliferation, differentiati-
on, and metabolism of various cells. IGF-1 exhibits both
nonspecific immunomodulator properties (it stimulates
lymphopoiesis, immunoglobulin synthesis, T cell diffe-
rentiation [13, 14], and demonstrates a selective inhibi-
tory effect on IL-2-dependent lymphocyte growth [15].

Experimental studies have identified various mecha-
nisms of interaction between IGF-1 and TAC. Particu-
larly, it has been shown that both factors realize some
of their effects through calcineurin-dependent cellular
pathways [16—18]. In addition, it was found that intra-
venous and oral administration of TAC in rats increases
the IGF-1 levels in the blood [19, 20]. The relationship
between IGF-1 and TAC levels in the blood in paediatric
liver recipients has not yet been studied.

The purpose of this study was to assess the correlation
of growth hormone and IGF-1 levels with TAC dose and
blood levels in pediatric liver recipients and to determine
the possibility of using IGF-1 levels in selecting the drug
dose required to achieve its target blood concentration.

MATERIALS AND METHODS

The study included 156 children with end-stage liver
failure due to congenital and hereditary liver diseases,
65 boys and 91 girls aged from 2 to 105 (median 8)
months. The etiology of liver failure included the fol-
lowing diseases: biliary atresia, Caroli syndrome, biliary
hypoplasia, Alagille syndrome, Byler disease, and other
rare liver diseases, including Crigler—Najjar syndrome,
Von Gierke disease, alpha-1 antitrypsin deficiency, ty-
rosinemia, fulminant and autoimmune hepatitis, crypto-
genic cirrhosis, and others (Table 1).

The patients included in the study underwent li-
ving-donor liver transplantation. The recipients recei-
ved 2- or 3-component immunosuppressive therapy,
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Table 1
Patients included in the study

Number of patients 156

Age, months 8 (2-105)

Sex (M/F), number (%) 65 (42) /91 (58)
Biliary atresia 86; 55%
Caroli disease 15; 10%

Diseases, number | Biliary hypoplasia 14; 9%

of cases; % Alagille syndrome 12; 8%
Byler’s disease 7; 4%
Others 22; 14%

which included tacrolimus, corticosteroids, and myco-
phenolates. The starting TAC dose at its first use was
0.1 mg/kg/day, in the early postoperative period — 0.2—
0.3 mg/kg/day. The dose was further adjusted to achie-
ve the target concentration of the drug in the blood —
4-8 ng/mL during the first month after transplantation
and 3—6 ng/ml in the subsequent period.

TAC serum levels were measured in the patient’s
whole blood by immunochemical method on an AR-
CHITECT i2000 analyzer (Abbott, USA) using the AR-
CHITECT Tacrolimus Kit (Abbott, USA). Growth hor-
mone levels were measured in blood plasma by ELISA
using a specific reagent kit (DBC, Canada). IGF-1 levels
were measured in blood plasma by sandwich enzyme-
linked immunosorbent assay using the OCTEIA IGF-1
kit (IDS Ltd., UK). Optical density was measured using
a Zenyth 340r automatic microplate reader (Biochrom
Anthos, UK).

Data are presented as arithmetic mean (M) and stan-
dard deviation (SD) — M =+ SD, upper and lower bounds
of the 95% confidence interval (CI) with normal distri-
bution of the indicator. Data from nonparametric samples
are presented as median and interquartile range (2nd—3rd
quartile or 25-75th percentile). Comparative statistical
analysis was performed using nonparametric statistics
methods: Mann—Whitney U-test, paired Wilcoxon test,
Spearman correlation analysis. Differences were con-
sidered statistically significant when the probability of
error was less than 0.05 (p < 0.05).

ROC (receiver operating characteristic) analysis was
performed to evaluate the informativeness of the test.
The area under the ROC curve reflects the likelihood
that the test is able to separate one group of patients from
another. The null hypothesis was that the area under the
ROC curve does not differ from 0.5. Diagnostic sensitivi-
ty and specificity of the test, as well as optimal threshold
value of the biomarker were determined at the point of
maximum sum of sensitivity and specificity. Relative risk
was determined using a four-field contingency table for
the threshold IGF-1 concentration and estimated 95%
CI. The RR value was considered statistically significant
(p <0.05) if the lower limit of CI was greater than 1. We
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also calculated test accuracy (Ac), positive predictive
value (PPV) and negative predictive value (NPV).

Data were calculated using statistical programs: MS
Office Excel (MS, USA), SPSS Statistics 20 (IBM,
USA), and Statistica 7.0 (StatSoft, Inc., USA).

RESULTS AND DISCUSSION

The median and interquartile range of plasma levels
of growth hormone and IGF-1 in children with liver
failure were 4.3 (1.6 to 7.2) and 8.7 (0 to 24.8) ng/mL,
respectively. After liver transplantation, growth hormo-
ne levels significantly decreased to 1.4 (1.1 to 2.5) ng/
mL one month later (p =0.003) and 2.5 (1.6 to 5.6) ng/
mL one year after surgery (p = 0.015). Blood IGF-1 le-
vels increased to 74.2 (52.1 to 126.6) ng/mL one month
later (p = 0.0001) and 79.6 (42.9 to 111.7) ng/mL one
year after surgery (p = 0.0002). Data obtained confirm
previous reports and show that liver transplantation in
children with end-stage liver disease is accompanied
by increased IGF-1 levels and decreased concentrations
of growth hormone in the blood, which is obviously a
consequence of graft functioning [10, 21].

Table 2

Correlation between growth hormone (GH) levels
and TAC levels and its dose at various periods after
liver transplantation (LT)

TAC admi- TAC Coefficient of correlation
nistration with growth hormone levels
time after before | month | year

LT LT | after LT | after LT
Concentration, 016 0.05 001
ng/mL

Month

Dose, 0.00 | —0.05 | —0.03
mg/kg/day ’ ) ’
Concentration, 031 0.17 024
ng/mL

Year Dose

m/ke/day -0.13 0.07 -0.07
Table 3

Correlation between IGF-1 blood levels and serum
TAC levels and its dose at different periods after
liver transplantation (LT)

TAC admi- TAC Coefficient of correlation
nistration with IGF-1 levels
time after before | month year

LT LT | after LT | after LT
Concentration, 0.10 020 017
ng/mL

Month Dose

me/ke/day -0.05 0.05 0.19
Concentration, 0.07 0.09 026
ng/mL

Year Dose

) %
me/ke/day 0.24 0.19 0.41
*p=0.001.
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After transplantation, recipients received TAC at an
average dose of 0.22 + 0.12 mg/kg/day one month and
0.16 = 0.07 mg/kg/day one year after LT. Patients’ TAC
serum levels averaged 5.9 + 3.4 ng/mL one month and
7.2 £ 3.0 ng/mL one year after transplantation.

Correlation analysis of growth hormone content be-
fore and after transplantation with TAC levels and dose
administered one month and one year after transplan-
tation showed no statistically significant relationships
between growth hormone levels and concentration or
dose of the immunosuppressant (Table 2).

Analysis of the association of IGF-1 levels with the
dose and blood concentration of the drug showed a sig-
nificant direct correlation between the moderate strength
(r=0.41, p=0.001) and TAC dose one year after liver
transplantation (Table 3). No statistically significant as-
sociations with either dose or concentration were found
before and one month after surgery.

Thus, the results obtained show that the level of
growth hormone, unlike IGF-1, does not correlate with
TAC dose or levels, although the content of these hor-
mones in pediatric liver recipients one year after trans-
plantation, as well as in healthy children, is related [11].
The absence of such a correlation may particularly be due
to significant changes in the level of growth hormone in
blood as a result of circadian rhythms of its secretion.

IGF-1 levels one year after transplantation correlates
with the administered dose, but not with serum TAC
levels. Absence of such a relationship may be due to
the significant variability of immunosuppressant con-
centrations in the blood and the low values of residual
drug concentrations.

It should be noted that the revealed correlation does
not explain the causal relationship between IGF-1 levels
and the immunosuppressant dose required/sufficient to
achieve the target plasma concentration of the drug. The
relationship between IGF-1 levels and TAC dose and the
mechanisms underlying this interaction in pediatric liver
recipients has not been studied and may be the subject
of a separate study.

Experimental studies have shown an increase in IGF-
1 blood levels in rats in response to TAC administration
[19, 20], which agrees with the direct correlation bet-
ween IGF-1 levels and TAC dose (obtained in our study)
one year after transplantation, but does not explain the
absence of such correlation one month after surgery. At
the same time, considering the effect of IGF-1 on lym-
phocyte proliferation [14, 22] and the inhibitory effect
of TAC on T-cell division [23, 24], we can assume that
higher IGF-1 levels in the body leads to more active
lymphocyte proliferation, which requires a higher TAC
dose to inhibit.

The absence of correlation between IGF-1 levels and
TAC dose one month after transplantation may be due to
the fact that the optimal dose of the immunosuppressant
in the majority of recipients during this period has not
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yet been selected. The presence of correlation one year
after transplantation may be due to the fact that by this
period, the optimal TAC dose can be chosen in a part of
recipients, at least with a favorable postoperative period.
This is confirmed by the results of analysis of correla-
tion between IGF-1 levels and TAC dose depending on
complications: the correlation coefficient in recipients
with uneventful post-transplantation period (r = 0.51,
p = 002) is higher than in recipients with complications
(r=0.26,p=0.17).

Moreover, the direct correlation between IGF levels
and TAC dose revealed in our work is consistent with
the experimental data on the common mechanisms of
realization of some effects of IGF and TAC through cal-
cineurin cellular pathways [16, 17, 20], which probably
suggests competition for common binding sites and, con-
sequently, direct correlation between the content of these
factors in the blood mediated through them.

However, despite the lack of study of the mechanisms
underlying the identified relationship, the obtained result
allows us to consider the IGF-1 blood levels as a poten-
tial indicator for selection of a drug dose in pediatric
liver recipients.

Based on regression analysis between IGF-1 levels
and TAC dose in recipients without complications one
year after transplantation (Fig. 1), we obtained a linear
dependence equation: y = 0.091 + 0.0007 x x, which
allows the calculation of TAC dose (y) by IGF-1 levels
(x). The coefficient of determination of linear regression
(r*) is 0.34, r = 0.58, p = 0.0002.

To assess the informative characteristics of IGF-1
levels as an objective criterion for TAC dose selection,
the recipients were divided into 2 groups: those recei-
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Fig. 1. Linear regression analysis of IGF-1 blood levels with
TAC dose in pediatric recipients without complications one
year after liver transplantation (y = 0.091 + 0.0007 x x), r* =
0.34,r=10.58, p=10.0002

ving low (0.03-0.24 mg/kg/day) and higher TAC dose
(0.25-0.36 mg/kg/day). IGF-1 levels in these groups
were 7.1 (0.1 to 25.5) and 13.2 (11.0 to 24.4) ng/mL
before transplantation, respectively. One month later,
they were 86.3 (56.5-161.3) and 115.0 (82.4-168.4)
ng/ml, respectively. There were no significant diffe-
rences in IGF-1 levels in children who received high
and low doses of TAC both before (p = 0.212) and one
month after transplantation (p = 0.302). One year af-
ter surgery, however, recipients who received a higher
TAC dose had significantly higher IGF-1 levels: 138.6
(110.2 to 189.7) ng/mL than those who received a lower
dose: 64.3 (43.5 to 100.0) ng/mL (p = 0.005) (Fig. 2).
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Fig. 3. ROC analysis of IGF-1 blood levels in pediatric reci-
pients one year after liver transplantation (LT), as an indica-
tor for choosing a TAC dose one year after LT: AUC = 0.80 +
0.11; 95% CI 0.58-1.00, p = 0.007
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Fig. 4. Sensitivity and specificity of IGF-1 blood levels in
pediatric recipients one year after liver transplantation (LT)
as an indicator for TAC dose adjustment a year after LT

Table 4

Characteristics of a TAC dose requirement
test based on IGF-1 levels one year after liver

transplantation

Characteristics Values
TAC dose requirement test >0.25 mg/kg/day
AUROC, 95% CI 0.80 +0.11; [0.58-1.00]
Sensitivity 0.75
Specificity 0.91
IGF-1 threshold 115.7 ng/mL
Relative risk, 95% CI 14.3 +1.0; [2.0-106.1]*
Test accuracy (Ac) 83%
Positive predictive value (PPV) 71%
Negative predictive value o
(NPV) 85%
*p<0.05.
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ROC analysis showed that the area under the curve
(AUC) was 0.80 £ 0.11; 95% CI [0.58-1.00], p = 0.007
(Fig. 3). Based on an analysis of the dependence of test
sensitivity and specificity on IGF levels, the threshold
level of the biomarker was determined (Fig. 4) and re-
lative risk values were calculated. The test accuracy, the
positive predictive value and negative predictive value
were also measured (Table 4).

According to results obtained, the IGF-1 levels in
recipients makes it possible to determine the TAC dose
with an 80% probability. Recipients with IGF-1 levels
>115.7 ng/mL had a 14-fold higher risk of TAC dosing
>0.25 mg/kg/day than children with lower IGF-1 levels.
The estimated test accuracy was 83%, and the proba-
bilities of positive and negative predictions were 71%
and 85%, respectively, which are considered “good test”
indicators.

Current methods for assessing the efficacy of immu-
nosuppression based on the T cell response are complex
and time-consuming [8, 9]. Determination of IGF-1 le-
vels by immunoassay takes about 6 hours and is an ac-
ceptable method in terms of complexity and duration for
clinical transplantology. Besides, IGF-1 has important
properties that allow it to be considered as a potential
biomarker for TAC dose selection, at least in liver reci-
pients, because more than 90% of IGF-1 circulating in
the systemic bloodstream is synthesized in the liver [25,
26]. IGF-1 levels are significantly higher than that of
other peptide hormones, and IGF-1 half-life is 2—4 hours,
which is 6-10 times longer than that of other similar
hormones. IGF-1 levels in the blood plasma of healthy
children, unlike growth hormone, whose secretion varies
throughout the day, is quite stable, it gradually increases
with age and reaches its maximum values at puberty.

The present study is observational, retrospective and
hypothesis-driven, which requires a prospective study to
confirm or refute. In addition, the study did not examine
the possible influence of other factors on serum IGF
levels, such as the recipients’ age, concentrations of va-
rious hormones, doses of corticosteroids and mycophe-
nolates administered during immunosuppressive therapy,
etc., since the authors assumed that these factors do not
differ significantly in patients of the same age group.

The authors declare no conflict of interest.
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Objective: to evaluate the 1- and 5-year graft and recipient survival after primary and second kidney transplantati-
on, to compare the outcomes depending on the age of recipients. Material and methods. The treatment outcomes
for 364 patients who underwent kidney transplantation at Sklifosovsky Research Institute of Emergency Care,
Moscow over the period from 2007 to 2019. Of these, 213 patients underwent kidney transplantation for the first
time, while 151 patients were having a second transplantation. We analyzed the effect of previous transplants, as
well as the age of the recipients on long-term survival rates. Results. No significant difference in 1- and 5-year
survival of kidney recipients after primary and second transplantations was found. In contrast, the long-term
graft survival significantly depended on this criterion and turned out to be significantly higher after primary
transplantations. The 1- and 5-year survival of older recipients was lower than the survival of younger recipients
after primary and second kidney transplantation. The 1-year graft survival after primary kidney transplantation
was higher in young recipients than in older recipients of the same group, however, but there were no significant
differences in the 5-year graft survival. After second transplantations, there were no significant differences in the
1- and 5-year graft survival depending on the age of recipients. Conclusion. A history of previous transplantation
is an important factor in kidney transplantation outcome, which must be taken into account in clinical practice.

Keywords: primary kidney transplantation, second kidney transplantation, outcomes, recipient survival,

kidney graft survival.

INTRODUCTION

Most experts believe that a second kidney transplant
significantly affects the survival rate of renal allografts
(RA). However, reports on studies carried out in this
direction are often contradictory. According to the Col-
laborative Transplant Study (CTS) of the University of
Heidelberg, carried out from 1990 to 2018, the 1-year
survival rate of RA after primary and second kidney
transplants was 90% and 85%, respectively; the 5-year
survival was 76% and 70%, respectively [1]. Pour-Reza-
Gholi et al. analyzed the results of 2,150 kidney trans-
plants, 103 of which were second transplant surgeries.
The 1-, 2-, 3-, and 5-year graft survival rates in patients
who underwent primary transplantation were significant-
ly higher than in patients who did second transplanta-
tions (92.9%, 91.5%, 89.8%, 85.3% and 81.4%, 78.9% ,
78.9%, 73.7%, respectively (P =0.0037). No significant
differences in recipient survival were noted by the re-
searchers (P = 0.63) [2].

Conflicting data has been published in the Australian
and New Zealand registry ANZDATA for the period of
2011 to 2018. For primary and second kidney transplants,

1-year recipient survival was 96% and 99%, while 5-year
recipient survival was 88% and 93%. The 1-year survival
rate of RA also did not differ significantly (94% and 97%,
respectively), while the 5-year survival rate was 75% and
85%, respectively [3]. Jedrzejko et al. analyzed the treat-
ment outcomes of 406 patients who underwent kidney
transplantation from 2013 to 2015, and obtained similar
results. First transplantation had no significant effect on
RA and recipient survival [4]. Ingsathit and colleagues
analyzed data from Thailand’s transplant registry, loo-
king at the outcomes of 3,337 transplants performed
between 1993 and 2011. There were no statistically signi-
ficant differences in 1-, 5-, and 10-year RA and recipient
survival rates in the primary and repeat kidney transplant
groups (P=0.63 and P=0.42, respectively) [S]. Similar
results were published by Korean scientists (Sang Hyup
Han et al.). They analyzed the outcomes of 3,000 pati-
ents who underwent kidney transplantation from 1969 to
2018, of which 201 cases were repeat kidney transplants.
Patient and death-censored graft survival for primary and
repeat transplantation did not differ (P =0.684 and P =
0.564, respectively) [6]. Heldal et al. analyzed the outco-
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mes of 733 kidney transplants in recipients over 65 years
of age. In 687 cases, the transplants were primary, and
in 46, they were repeats. The 5-year death-censored and
death-uncensored graft survival did not differ between
the groups (P =0.789 and P = 0.475, respectively) [7].

In Eurotransplant, a large multicenter retrospective
study, it was observed that primary non-function had a
higher incidence after a second kidney transplantation
than after a primary transplantation (12.7% and 7.1%,
respectively, P < 0.001) [8]. There were no statistically
significant differences in recipient survival after prima-
ry and second kidney transplant surgeries (P = 0.532).
However, the 5-year death-censored graft survival was
significantly higher after primary transplantation (89%
and 85%, P <0.001) [9].

A study published by Puneet Sood et al. found no
significant effect of prior transplantation on 1- and 5-year
censored and uncensored graft survival (P=0.70) [10]. In
contrast, the group of recipients who underwent primary
kidney transplantation had better 1- and 5-year survival
compared with the group of patients who had a second
kidney transplantation (P =0.013) [11].

Objective: to evaluate the 1- and 5-year graft and
recipient survival after primary and second kidney trans-
plantation, and to compare the outcomes depending on
the age of recipients.

MATERIAL AND METHODS

The study was based on a retrospective analysis
of the results of 364 kidney transplants performed at
Sklifosovsky Research Institute of Emergency Care in
Moscow, from 2007 to 2019. The inclusion criterion was
primary and repeated (second) kidney transplantation
from a deceased donor. The exclusion criterion was com-
bined kidney transplantation and transplantation of other
organs from a living related donor. The patients were
divided into groups — those that have had only primary
transplantation and those with a second transplantation.

Follow-up period: from the time of kidney transplant
surgery until loss of RA function or recipient death —
completed follow-up; in case of loss of communication
with the recipient — a censored follow-up.

Study: To assess the recipient and graft survival rate,
we used data from the medical records of patients at
the kidney transplantation department of Sklifosovsky
Research Institute of Emergency Care, and out-patient
medical records of RA recipients of the Moscow City
Scientific and Practical Center for Nephrology and
Transplant Kidney Pathology.

Study groups: The first comparison group, formed by
stratified sampling by recipient gender and age, quality of
donor organ (standard donor or expanded criteria donor),
consisted of 213 RA recipients out of 1316 recipients
with primary kidney transplantation. The second study
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Table 1

Main characteristics of patients after the first and
second kidney transplantation

Recipients, n All Group 1 | Group2 | P
(n=364)| (n=213) | (n=151)
Age, m (25-75%), 45 46 44
years (35;54) | (36;54) | (34;54) | 0.45
Age range, years 18-72 18-72 20-71
57.4 60.6 53
Male, % (n) @) | (129 | 30 | ..
Female, % (n) 42.6 394 47
’ (155) (84) (71)
o 24.1 24.6 239
ngrﬁzm @5-T3%) 012, | @le: | @11 | o012
27.7) 28.2) 27.1)
Sensitized, % (n) (ég i) (2315')3* (791)1
0.000
No data, % (n) 18.4 23.0 11.9
’ (67) (49) (18)

* patients with no data were excluded from the estimation.

group consisted of 151 recipients who underwent a se-
cond kidney transplantation.

Recipients of both groups did not differ significantly
in gender, age, and body mass index (Table 1). A signi-
ficant difference between the groups was found in the
number of patients sensitized to the major histocompati-
bility complex (HLA) (P = 0.000). Thus, HLA antibodies
were found in a greater number of patients with repeated
kidney transplantation in comparison with patients who
had not had any previous transplantation.

Among the diseases leading to end-stage kidney
disease, chronic glomerulonephritis (44.8%, n = 163)
and chronic pyelonephritis (16.8%, n = 61) were most
common in RA recipients in both groups. The latter —
both as an independent disease, and as a complication
of congenital anomalies of the urinary system and kid-
ney stone. However, a comparative assessment of the
disease pattern between the groups revealed differences
(P =0.00028). Specifically, there were significantly fe-
wer patients with polycystic kidney disease, diabetes
mellitus, and hypertension among the repeat transplant
recipients (Fig. 1).

In the study groups, there were no significant diffe-
rences in the characteristics of donor organs (Table 2).

To assess recipient and kidney graft survival rates,
depending on age, groups 1 and 2 patients were consi-
dered in subgroups. The subgroups were divided by age
as follows: from 18 to 49 years old (young recipients)
and from 50 to 72 years old (older recipients) (Table 3).

Immunosuppressive therapy: patients in both groups
received a three-component immunosuppressive therapy
(calcineurin inhibitors + inosine monophosphate dehyd-
rogenase/proliferative signal inhibitors + corticosteroids
(100% of recipients in both groups). In order to prevent
acute rejection, 84.1% of recipients received induction
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with chimeric monoclonal antibodies — antagonists of
CD-25 antigen or lymphocyte-depleting antibodies (an-
tithymocyte immunoglobulin) (Table 4).

There were statistically significant differences in the
used induction component and the basic immunosuppres-
sive agent in the recipients of the study groups. Specifi-
cally, group 2 recipients with a high immunological risk
received a more aggressive immunosuppressive therapy:
92.7% of patients received tacrolimus, and 62.9% recei-
ved induction with lymphocyte-depleting antibodies.
These drugs were used reliably less often in group 1
patients with a low immunological risk.

The data obtained was statistically analyzed using the
Statistica for Windows v.12.0 software package, StatSoft
Inc. (USA). Normality of distribution was assessed by

the Shapiro—Wilk test. Mann—Whitney U test, Fisher’s
exact test (two-sided), chi-squared test for four-field and
arbitrary tables were used to compare groups. The value
P < 0.05 was considered statistically significant. The
Kaplan—Meier estimator was used to analyze the sur-
vival rate. Survival across groups was compared using
a log-rank test. Confidence intervals for survival were
considered according to Weibull. Survival curves were
calculated from the date of surgical treatment.

RESULTS AND DISCUSSION

Analysis of recipient survival after primary and se-
cond transplantations revealed no significant differences.
Specifically, the 1-year recipient survival rate in group
1 and group 2 was 98% (95% CI 97-99) and 97% (95%

50
44.8

%

40 |-

30 |-

20 |-

10 |-

0
Chronic Polycystic Diabetes High blood Chronic Systemic Others
glomerulonephritis kidney disease pressure pyelonephritis diseases
B Group1 ©E Group2
Fig. 1. Diseases that led to end-stage chronic renal failure in kidney graft recipients
Table 2
Donor characteristics
Renal allograft, n All (n =364) Group 1 (n=213) Group 2 (n=151) P

Donor gender:
Make, % (n) 63.7 (232) 62.0 (132) 66.2 (100) 0.11
Female, % (n) 28.6 (104) 29.1 (62) 27.8 (42) ’
No data, % (n) 7.7 (28) 8.9 (19) 6(9)
Donor’s age, years:
m, (25-75%) 47 (38; 54) 47 (39; 53) 46 (34; 55) 0.38
Age range 18-69 18-69 20-67 '
No data, % (n) (26) (18) (8)
Donor criteria:
Standard, % (n) 64.8 (236) 62.9 (134) 67.5 (102) 0.06
Extended, % (n) 28.3 (103) 29.1 (62) 27.2 (41) '
No data, % (n) 6.9 (25) 8(17) 5.3(8)
Renal allograft preservation, hours:
m, (25-75%) 13 (11; 16) 13 (11; 16) 14 (11.3; 16) 0.36
No data, % (n) (5) 2) 3)
HLA incompatibility:
m, (25-75%) 4(3;4) 4(3;5) 4(3;4) 0.55
No data, % (n) 2.2(8) 2.8 (6) 1.3(2)
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CI194-98), respectively, (P =10.06). Their 5-year survival
rate was 98% (95% CI 95-99) and 93% (95% CI1 89-96),
respectively (P = 0.23) (Fig. 2).

Thus, our results confirm that there are no statistically
significant differences in the 1- and 5-year survival rates
of recipients after primary and repeated kidney transplan-
tation, and are consistent with similar survival rates of
RA recipients in the world.

Analysis of the renal graft survival in recipients of the
study groups found statistically significant differences.
Specifically, the 1-year graft survival in group 1 and
group 2 was 97% (95% CI 95-99) and 88% (95% CI
84-92), respectively (P = 0.0027). The 5-year RA sur-
vival in the study groups was 90% (95% CI 86-93) and
75% (95% CI 68-80), respectively (P=0.0048) (Fig. 3).

Our study comparing 1- and 5-year renal graft sur-
vival after primary and second transplantation, showed
a significant difference in long-term survival and con-
firmed previously published data from the University
of Heidelberg and Pour-Reza-Gholi et al. The high in-
cidence of primary non-function after a second kidney
transplantation was also confirmed, although according
to our observations, it turned out to be lower than in the

Eurotransplant study.

Table 3

Distribution of renal allograft recipients of the
studied groups into subgroups

It should be noted that only 1.4% (n = 3) of group 1 Groups 1 2
recipients had a primary nonfunction, whereas in group | Subgroups 1.1 1.2 2.1 2.2
2 recipients, such an outcome was observed in 7.9% (n= | Age, years 1849 | 50-72 | 1849 | 50-71
12) of cases (P = 0.002). Recipients %, n [60.6 (129)[39.4 (84)[60.9 (92)[39.1 (59)

Table 4
Immunosuppressive therapy in groups 1 and 2
Number of recipients, n All (n = 364) Group 1 (n=213) Group 2 (n=151) P
Induction:
Basiliximab, % (n) 47.6 (173) 62 (132) 27.2 (41) 0.000
Lymphocyte-depleting antibodies, % (n) 36.5 (133) 17.8 (38) 62.9 (95) ’
No induction, % (n) 15.9 (58) 20.2 (43) 9.9 (15)
Calcineurin inhibitors:
Cyclosporine, % (n) 21.4 (78) 31.5(67) 7.3 (11) 0.000
Tacrolimus, % (n) 78.6 (286) 68.5 (146) 92.7 (140)
Mycophenolates, % (n) 98.9 (360) 99.5 (212) 98 (148) 0.17
Everolimus, % (n) 1.1 (4) 0.5(1) 2(3) )
o\c 100 MI—HHWW
~ ok
g B
g 9% S At
2 ® L R L = LSRR ERR TS o T
[
5 90}
o]
3
§ 8¢
=
¥
:Tg 80
g
2 75t
F
£
o 70+t
65 .
0 365 730 1095 1460 1825__ Group |
Time after transplantation, days ===+ Group 2

Fig. 2. Kidney recipient survival after primary and second transplantation
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The 1- and 5-year survival rates of relatively young
recipients in group 1 (subgroup 1.1) were 100%. The 1-
and 5-year survival rate of older recipients in this group
(subgroup 1.2) was 95% (95% CI 91-98) (Fig. 4).

A comparison of the 1-year 1- and 5-year recipient
survival in subgroups 1.1 and 1.2 revealed statistically
significant differences (P = 0.024 and P=0.017). Thus,
higher survival rates were found in the subgroup of
young recipients after primary transplantation.

The 1-year survival rate for young recipients of group
2 (subgroup 2.1) was 100%, and their 5-year survival rate

was 98% (95% CI 96-99). For older recipients (subgroup
2.2), it was 91% (95% CI 84-96) and 82% (95% CI
74-90), respectively (Fig. 5).

A comparison of the 1-year and 5-year recipient survi-
val in subgroups 2.1 and 2.2 of group 2 found statistically
significant differences (P =0.009 and P=0.001). In both
group 1 and group 2 recipients, higher survival rates were
observed among younger recipients.

Thus, the survival rate of young recipients in groups 1
and 2 was, as expected, statistically higher than in older

100
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Overall survival (Kaplan—-Meier estimator), %
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1825__ Group 1
Time after transplantation, days -==- Group 2
Fig. 3. Graft survival in recipients after primary and second kidney transplantation
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Fig. 4. Recipient survival in group 1 according to patient age
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recipients. This distribution is also characteristic of the
general population.

The 1-year and 5-year kidney graft survival in young
recipients of group 1 was 98% (95% CI1 97-99) and 91%
(95% CI 87-95), respectively. In older patients in group
1, the RA survival rate was 91% (95% CI 86-96) and
82% (95% CI 75-88), respectively (Fig. 6).

A comparison of the 1-year kidney graft survival in
young and older recipients of group 1 (subgroups 1.1
and 2.1) revealed a statistically significant difference
(P = 0.006); however, when comparing 5-year survival

in these subgroups, no significant differences were obser-
ved (P = 0.14), although the RA survival rate remained
higher in young recipients.

Perhaps this loss of RA survival advantage in younger
recipients is due to the tendency to develop more fre-
quent humoral rejection observed in the early years af-
ter transplantation, whereas in elderly recipients, the
significance of immunological factors of graft loss is no
longer as high.

The 1- and 5-year RA survival in young recipients
of group 2 was 91% (95% CI 86-95) and 80% (95%

100 .'
o8 f1
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Fig. 5. Recipient survival in group 2 according to patient age
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CI 73-86), respectively. In older recipients, it is 80%
(95% CI 72-88) and 70% (95% CI 61-80), respectively
(Fig. 7).

A comparison of 1- and 5-year graft survival in re-
cipients of different ages in group 2 (subgroups 2.1 and
2.2) found no statistically significant differences (P =
0.078 and P =0.17).

The absence of the expected statistical difference in
the 5-year RA survival rate in recipients of different age
groups is probably due to the influence of factors that are
different in nature, but similar in direction. Specifically,
the RA loss in young recipients may be predominantly
associated with immunological causes leading to graft
loss as a result of rejection. Whereas RA loss is more
often in older recipients due to primary non-functioning
graft or death. This seems logical, taking into account the
age-related characteristics of comorbidity and the current
clinical practice of organ allocation from age-related and
suboptimal donors.

Thus,

The 1-year recipient survival after primary and se-

cond kidney transplantation in our observations was

98% and 97% (P = 0.06); the 5-year survival was 98%

and 93% (P = 0.23), respectively.

The 1-year RA survival after primary and second

transplantation was 97% and 88% (P = 0.0027), the

5-year survival was 90% and 75% (P = 0.0048), res-
pectively.

. After primary transplants, the 1-year RA survival
rates in subgroups 1.1 and 1.2 were 98% and 91%
(P =0.006), respectively. The 5-year RA survival in
these subgroups was not statistically different —91%
and 82% (P =0.14).

1.

4. The 1-year RA survival in subgroups 2.1 and 2.2
was 91% and 80%, respectively (P = 0.078), 5-year
survival rates were 80% and 70% (P = 0.17). After
repeated transplantations, there were no significant
differences in 1- and 5-year RA survival depending
on recipient age.

. The incidence of primary non-function after primary
transplantation and after repeated transplantation was
1.4% and 7.9%, respectively (P = 0.002).

CONCLUSION

The generally accepted opinion that primary trans-
plantation has a negative effect on the outcome of a se-
cond one is still being debated among specialists and
needs to be confirmed, since data from various transplant
centers published in the medical literature are contra-
dictory. Our paper presents a 12-year experience of one
Russian transplant center in relation to the outcomes of
repeated kidney transplants. We did not find any statisti-
cally significant difference in the 1- and 5-year recipient
survival rates after primary and repeated kidney trans-
plants. On the other hand, graft survival after primary
transplant was significantly higher than after the second
transplant. In addition, primary non-function was signi-
ficantly more frequent after repeated transplantations. At
the same time, recipient survival in the older age group
was naturally significantly lower than with younger re-
cipients, both after primary and after repeated transplan-
tation. A comparison of the 1-year survival of primary
renal transplants showed it to be significantly higher in
the subgroup of young recipients. However, a compari-
son of the 5-year survival of primary kidney transplants
no longer revealed any statistically significant difference,

100
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Fig. 7. Graft survival in group 2 recipients depending on age
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apparently due to the activity of immunological factors
of graft loss in young recipients. When comparing 1- and
S-year survival rates for repeated grafts depending on
recipient age, significant and clinically significant dif-
ferences were evident, which is clearly shown in Fig. 7,
but their reliability has not been statistically confirmed.

The authors declare no conflict of interest.
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INVASIVE PULMONARY ASPERGILLOSIS
AFTER HEART TRANSPLANTATION
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Objective: to assess the incidence, determine the peculiarities of the course of invasive pulmonary aspergillosis
(IPA) and identify risk factors for IPA in heart transplant recipients. Materials and methods. From January 2010
to December 2019, 137 heart transplantations (HT) were performed: mean age 46 + 14 years; male 102 (74%)
and female 35 (26%). All patients received a three-component immunosuppressive therapy: calcineurin inhibi-
tors, mycophenolate mofetil (MMF) and Glucocorticoid (GCs). Induction therapy consisted of Basiliximab (81%,
n = 111) and antithymocyte immunoglobulin (15%, n = 20). A retrospective analysis of patients with identified
post-HT invasive IPA was performed; risk factors for I[PA were assessed. In patients with early IPA, the length
of stay in the intensive care unit (ICU), the duration of mechanical ventilation, and the initial severity of the
condition were studied. All patients with suspected pneumonia underwent bronchoscopy with examination of
bronchoalveolar lavage (BAL) and chest computed tomography (chest CT scan). Results. During the follow-up,
there were 58 episodes of pneumonia, of which 16 (28%) were IPA (age 33 to 64 years). All patients had a target
level of immunosuppressive drugs concentration in blood; basiliximab was used as induction therapy in 15 of 16
patients. Half of the recipients developed IPA in the early post-HT period (less than 3 months after HT), in the rest
(n = 8) — at a later date (3 months to 1 year after HT). The diagnosis was verified: 14 out of 16 patients showed
an increase in the Aspergillus antigen positivity in the BAL to 7.2 (2.8 £ 1.6); chest CT scan revealed specific
changes. In two patients, there were no diagnostic criteria for [PA, but the diagnosis was made based on the results
of histological examination after resection of the left lower lobe of the lung. All patients received voriconazole
therapy for 2 to 6 months, their immunosuppressive therapy was adjusted (tacrolimus and MMF dose adjustment)
and their white blood cell count was monitored. Complete cure of the disease was achieved in 13 (81%) patients.
Two patients died within 30 days after HT in the intensive care unit, one died from urogenital diseases caused
by bacterial flora and leading to urosepsis, 4 months after IPA treatment was initiated. All patients had risk fac-
tors for [PA: taking immunosuppression, including GCs (n = 16), prolonged ICU stay (n = 14), inotropic support
exceeding 2 days in the early post-transplant period (n = 10), cachexia during HT (n = 6), leukopenia (n = 9) and
neutropenia (n = 14). Conclusion. In heart transplantat recipients, the incidence of IPA among respiratory tract
infections is 28%. The risk of developing IPA was highest during the first year following HT. In the majority of
recipients, the disease was detected at the early stages; diagnosis required surgical intervention in 12% of cases. A
decrease in the risk of developing IPA was associated with correction of the following risk factors for this disease
in all patients: volume of immunosuppressive therapy during the first year after transplantation and prevention of
the development of neutropenia as a marker of infectious complications or immunosuppression overdose. Early
diagnosis of IPA allowed for initiation of timely specific therapy in most recipients and achievement of a positive
effect in 80% of them.

Keywords: heart transplantation, infectious complications, invasive pulmonary aspergillosis.

INTRODUCTION

Invasive pulmonary aspergillosis (IPA) is an oppor-

The number of heart transplant (HT) recipients is
increasing every year. Infectious diseases are the most
frequent complications and the leading cause of morta-
lity in the post-transplant period. The number of heart
recipients is increasing every year. Infectious diseases are
the most frequent complications and the leading cause
of post-transplant mortality [1, 2].

tunistic fungal infection that can develop within the first
year after HT (most commonly within <1 to 3 months
after surgery) and can be fatal [3, 4]. When pneumonia
develops in patients regardless of the timing after heart
transplantation, it is shown to exclude its fungal gene-
sis. Currently, there are no data on the incidence of IPA
in the post-transplant population [4, 5]. Some studies
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Phone: (921) 952-43-55. E-mail: dr.maria.simonenko@gmail.com, simonenko ma@almazovcentre.ru



ORGAN TRANSPLANTATION

have reported that this complication predominates in
men (84%), whose average age is 43 years, one third of
which has ischemic congestive heart failure (CHF) [4,
6]. Patients usually complain of fever and cough, but
clinical manifestations may be absent in the initial stages
of the disease [4, 6]. Laboratory findings may include
leukopenia and neutropenia up to agranulocytosis [4, 6,
7]. Radiological findings include infiltrative changes,
and chest CT scan may show “frosted-glass” changes,
which is typical for various respiratory diseases of viral
or fungal origin [4, 6, 7]. Absence of clinical symptoms
at the initial stages of the disease and the risk of deve-
loping infectious complications caused by mixed flora
(bacterial + fungal, viral + fungal) often lead to untimely
diagnosis and increases the mortality rate.

Objective: to assess the incidence, features of the
course and identify risk factors for the development of
pulmonary aspergillosis in HT recipients.

MATERIALS AND METHODS

From January 2010 to December 2019, 137 ortho-
topic HTs were performed using the bicaval technique
at Almazov National Medical Research Centre, St. Pe-
tersburg, Russia. This included 102 men (74%) and
6 children (5 of them were female) 10-16 years old
(median 15 years). The mean age of the recipients was
46 + 14 years.

During the first year after HT, all patients received
three-component immunosuppressive therapy: calcineu-
rin inhibitors (FK-506), mycophenolate mofetil (MMF)/
everolimus, and glucocorticoids (GCS). During the first
year after HT, the volume of glucocorticoids was gra-
dually reduced to complete cancellation. In the case of
development of leukopenia and/or neutropenia against
the background of GCS reduction, the volume of MMF
therapy also decreased. Induction therapy was represen-
ted by Basiliximab (81%, n = 111) and antithymocyte
immunoglobulin (15%, n =20). Along with immunosup-
pressive therapy, pneumocystis pneumonia prophylaxis
was carried out for 6 months (sulfamethoxazole + tri-
methoprim together with folic acid), antifungal (nystatin
for 1 month) antiviral (valganciclovir for 1 year) therapy
was used. Prophylactic therapy in all patients included
statins (atorvastatin at a dose of up to 20 mg/day), cal-
cium preparations together with cholecalciferol, proton
pump inhibitors, and antihypertensive, antiarrhythmic,
etc. therapy was prescribed as indicated.

This study was carried out in accordance with the
principles of the Declaration of Helsinki. For the period
from January 2010 to December 2019, a retrospective
analysis of clinical and laboratory characteristics in pa-
tients with post-HT IPA was carried out, its risk factors
were evaluated. In patients with early IPA, the initial
severity of the condition, length of stay in the intensive
care unit (ICU), and duration of mechanical ventilation
were studied. All patients with suspected pneumonia
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underwent chest CT scan and bronchoscopy, followed
by bronchoalveolar lavage (BAL): culture, cytology,
Aspergillus antigen, cytomegalovirus infection, and
pneumocystis. Laboratory diagnostics included evalua-
tion of inflammation markers (clinical blood count with
WBC count and C-reactive protein (quantitative) over
time, polymerase chain reaction to cytomegalovirus and
Epstein—Barr virus, blood culture, general analysis and
sputum culture, general analysis, and urine culture, and
if fungal infection was suspected (development of leuko-
penia and/or neutropenia), a blood test for galactoman-
nan was performed. Immunosuppressive therapy was
adjusted: in patients with confirmed [PA, mycophenolate
mofetil therapy was reduced or, in the case of bacterial
infection, it was temporarily canceled, and serum tacro-
limus levels corresponded to the target values, according
to the timing after HT (8—12 ng/mL).

The data were statistically processed using SPSS
21.0RU. Mean values and standard deviation (M = SD)
were calculated. In the case of a small sample (n < 20),
the data were presented as medians (Me), [minimum
and maximum values]. With a distribution other than
normal, the nonparametric Mann—Whitney method was
used to assess the differences; the data are presented
as medians (Me), [25th and 75th percentiles]. Fisher’s
exact test was used to assess differences in qualitative
parameters. The criterion for statistical significance of
the obtained differences was p < 0.05.

RESULTS

During the follow-up, 58 episodes of pneumonia were
recorded among all patients who underwent HT, of which
16 (28%) people were diagnosed with [PA.

General characteristics of patients. The age of these
patients ranged from 33 to 64 years (Me 55 years). The
patients who underwent IPA had characteristic risk fac-
tors for fungal infections: 6 had cardiac cachexia at the
time of HT, all had ongoing immunosuppressive therapy,
including GCS (n = 16), leukopenia (n =9), and neutro-
penia (n = 14), inotropic support lasting more than 2 days
in the early postoperative period (n = 10) and long stay
in the ICU (n = 14).

Basiliximab was used as induction therapy in 15 out
of 16 patients, and antithymocyte globulin was used in
one patient. Half of the recipients developed IPA early
after HT (less than 3 months after HT), while the rest
(n=8) developed IPA between 3 months and 1 year after
HT. None of the patients developed IPA for more than
1 year after HT. In the early postoperative period, an
extracorporeal membrane oxygenation (ECMO) system
was installed in one patient due to right ventricular heart
failure [8], against the background of which pneumonia
of mixed (bacterial + fungal) origin was detected. In 14
out of 16 patients, there was increased Aspergillus anti-
gen positivity in BAL (from 1.45 to 10.2) and chest CT
scan showed “frosted-glass” changes. In two patients no
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effect of antibiotic therapy, laboratory and instrumental
criteria for IPA were absent, and transthoracic resection
of the lung lobe was performed for differential diagnosis
with oncopathology due to anatomical inaccessibility for
transbronchial biopsy. The IPA diagnosis was verified
by histological examination. Characteristic histological
changes are shown in Fig.

After detection of IPA, all patients were treated with
voriconazole for 2 to 6 months (initially by intravenous
administration of 400 mg % 2 times a day, and then orally
after normalization of the CRP level).

Features of immunosuppressive therapy. At the time
of IPA development, all patients were receiving tacro-
limus, MMF, and glucocorticoid therapy; immunosup-
pressive drugs concentrations in blood were targeted.
When pneumonia was detected, MMF was temporarily
canceled, then the timing of the resumption of such the-
rapy was determined individually, taking into account the
clinical symptoms (absence of fever), level of inflamma-
tion markers and under control of heart graft function.
Taking into account drug interactions after antimycotic
therapy, all patients required a reduction of the tacro-
limus dose by at least 2-3 times, and after the end of
voriconazole, the tacrolimus dose was increased again to
achieve the target blood concentration values, followed
by regular laboratory monitoring. In three patients, due to
the development of agranulocytosis, the mycophenolate
mofetil dose was temporarily canceled or reduced, and
colony-stimulating factors were used until the transition
through nadir.

Fig. Aspergillosis with dichotomous branching of septate
hyphae: A. H&E Stain, 200x. B. Grocott’s stain, 200x
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Every 1-2 weeks from the beginning of the infectious
process, the heart graft function was assessed — ECG
(every week), ECHO (at least once in 2 weeks). None of
the patients had any cardiac graft function damage during
IPA; therefore, the endomyocardial biopsy (EMB) was
postponed until the acute infectious process was relieved
and was performed after normalization of inflammatory
markers in the absence of fever, no earlier than 2 months
after IPA development.

The disease was completely cured in 13 (81%) pati-
ents within six months. Two patients died within 30 days
after HT from infectious complications of bacterial ge-
nesis followed by development of sepsis. Another pati-
ent died 4 months after the start of IPA treatment from
urosepsis. None of the convalescents had recurrent IPA
in the long-term after heart transplantation.

DISCUSSION

When infectious complications develop in patients
after heart transplantation, an examination should al-
ways be conducted to find the etiology, with mandatory
exclusion of the presence of mixed flora. With persisting
radiological changes, even if there is a positive effect
(reduction or normalization of C-reactive protein (CRP)
levels, absence of fever) against the background of stan-
dard antibiotic therapy for the treatment of pneumonia,
continuation of the examination is always indicated in
order to exclude non-bacterial genesis of the process,
for example, cytomegalovirus or coronavirus infection,
aspergillosis, pulmonary mycosis or toxic everolimus-
associated alveolitis. Aspergillus is found in cultures of
sputum (8-34%) and BAL (45-62%) [11], and its de-
tection in the early stages of the lesion allows arresting
the process without reducing lung function and increases
patient post-HT survival.

Common risk factors for IPA are steroid-dependent
asthma or chronic obstructive pulmonary disease [14],
but none of the described cohort of patients had such
comorbidities. P. Munoz et al. and T. Pelaez et al. dis-
tinguish another risk factor — diabetes mellitus [5, 14].
According to our results, 63% (n = 10 of 16) of patients
diagnosed with IPA had type 2 diabetes mellitus or post-
transplant diabetes. Other risk factors for IPA in solid
organ recipients are cytomegalovirus infection, use of
mechanical circulatory support and/or renal replacement
therapy in the early postoperative period [5, 11].

Reducing the risk of IPA may be associated with
adjusting the volume of immunosuppressive therapy
during the first year after transplantation, preventing
neutropenia and normalizing nutritional status, which
are reversible risk factors for this disease. An overdo-
se of immunosuppressive therapy increases the risk
of post-transplant complications, especially infectious
ones. None of the patients in the described group were
at risk of developing IPA in the long term after surgery
(more than 1 year), which can be associated with reduced
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volume of immunosuppressive therapy over time: decre-
ase in GCS up to complete cancellation, timing after int-
roduced induction therapy and a decrease in calcineurin
inhibitor concentrations. Given the drug interactions of
antimycotic drugs, regular laboratory monitoring of the
concentrations of immunosuppressive drugs (to main-
tain target values), clinical blood count with WBC count
(as a marker of inflammation and to assess tolerance of
optimal doses of antiproliferants) and CRP, as well as
radiological monitoring of chest organs (X-rays, CT)
help to reduce the risk of infectious complications and
ensure detection of post-transplant diseases [4, 9, 10].

Given the immunocompromised status of patients,
characterized by atypical symptoms of infectious pro-
cesses (including absence of fever), laboratory and ima-
ging examination results should be evaluated taking into
account the anamnesis. For example, “normalization” of
the WBC count at initial chronic leukopenia may reflect
the accession of bacterial flora, and changes in WBC
counts combined with increased CRP in the long-term
after HT period may require the exclusion of oncopa-
thology, etc. [9, 11-12]. Meanwhile, “frosted-glass”
changes in the lung tissue, characteristic of fungal and
viral pneumonia, can persist in the long-term period af-
ter the relief of a previous IPA or pneumonia caused by
SARS-CoV-2, etc. Another peculiarity of radiological
dynamics of the process is that the volume of pulmonary
infiltrates may even increase during the first 7-10 days
of antifungal therapy, but such dynamics are a predictor
of granulocyte recovery [13].

The drugs of choice for the treatment of IPA are am-
photericin B, caspofungin, and voriconazole [4, 11, 13].
Survival rates were higher in patients treated with vori-
conazole compared to those treated with amphotericin
B (70.8% and 57.9%, respectively) [4, 11]. The standard
regimen for prescribing voriconazole in patients after
solid organ transplantation is 6 mg/kg, 2 doses intra-
venously, then 4 mg/kg intravenously every 12 hours,
with the dynamic transition to oral administration of
the drug, 200 mg/day every 12 hours. In patients ta-
king calcineurin inhibitors (cyclosporin, tacrolimus), it
is necessary to consider drug interactions when adding
antimycotic agents to therapy, which lead to increased
concentrations of immunosuppressive drugs in a short
time. This requires a reduction in cyclosporine and tac-
rolimus doses from the very first day of administration
of antimycotic drugs [11, 13]. The minimum duration of
antimycotic therapy in immunocompromised patients is
6—12 weeks, but the duration of conservative therapy in
each case is determined individually and depends on the
time of resolution of the pulmonary lesion [10, 13, 15].
Surgical resection of tissues infected by Aspergillus can
be considered as an adjunct to conservative treatment in
patients with involvement of large vessel lesion, deve-
lopment of pericarditis and/or pleurisy [13, 15].
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According to reports, mortality from IPA is 30—-40%
[4, 13]. In our present study, out of 16 recipients dia-
gnosed with IPA, 3 died (19%), and IPA had not been
cured at the time of death. However, those who died had
other infectious complications in addition to IPA (mixed
infection: bacterial and fungal.

CONCLUSION

In post-HT patients, the incidence of IPA among re-
spiratory tract infections was 28%. The highest risk of
IPA was in the first year after HT. In the majority of
recipients, the disease was detected at the initial stages;
in 12% of cases, surgical intervention was required for
diagnosis. A decrease in IPA risk was associated with
correction of the following risk factors for this disease
in all patients: volume of immunosuppressive therapy
during the first year after transplantation and prevention
of the development of neutropenia as a marker of infec-
tious complications or an immunosuppression overdose.
Early diagnosis of [PA made it possible to initiate timely
specific therapy in the majority of recipients and achieve
a positive effect in 80% of them.

The authors declare no conflict of interest.
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Kidney transplantation has been the best replacement therapy for end-stage kidney disease for over 60 years. The
Republican Coordination Center for Transplantation reports that as of January 29, 2020, there were 2675 people
on the kidney transplant waiting list in the Republic of Kazakhstan. The issue of deceased donation in Kazakhstan
is problematic for various reasons. Over the past couple of years, the already low rates of deceased donors have
fallen by more than 2 times. Objective: to objectively assess the effectiveness of deceased-donor kidney trans-
plant in order to indicate the need for development of cadaveric donation and reduce the number of patients in the
transplant waitlist. Materials and methods. Fifty-two kidney transplants from a deceased donor were performed
at the National Research Oncology Center (NROC) from 2010 to 2020. The age group of recipients ranged from
20 to 75 years old. In most cases, end-stage chronic renal failure resulted in chronic glomerulonephritis (76%),
pyelonephritis (1.9%), polycystic kidney disease (9.6%) and diabetic nephropathy (11.5%). Results. The 1-year
and 5-year survival rates were 96% and 86%, respectively. There was delayed graft function in 13 of cases. In one
case (1.92%), there was intraoperative hyperacute rejection of the kidney transplant that could not be treated with
high doses of glucocorticosteroids; the kidney graft was removed. Two patients (3.8%) in the early postoperative
period, on days 2 and 7 after surgery, developed a clinic of acute renal transplant rejection; after the rejection
crisis was stopped by drug therapy, graft function was restored. One patient (1.92%) died as a result of bilateral
pneumonia, which led to sepsis and death. Conclusion. Graft and recipient survival rates after deceased-donor
kidney are comparable to those after living-donor kidney transplantation. The solution to the problems of incre-
asing the number of deceased organ transplants should not rest entirely on the shoulders of transplant doctors;
this task must also be addressed at the government level with constant propaganda to explain to the citizens the
need for a deceased organ donation program.

Keywords: kidney transplantation, posthumous donor, organ shortage.

BACKGROUND

Kidney transplantation remains the primary therapy
for end-stage kidney disease. At present, over 90,000 kid-
ney transplants are performed annually in the world [1].
However, organ shortage still remains extremely seve-
re [2, 3]. According to statistics, there is a progressive
increase in the number of patients in need of kidney
transplantation. The Republican Coordination Center
for Transplantation (RCCT) reports that as of January
29, 2020, there were 2,675 people in the Republic of
Kazakhstan waitlisted for kidney transplant. Of these,
75 patients are children under 18 years of age. The is-
sue of cadaveric donation in Kazakhstan is problematic
for various reasons, both on the part of society and on
the part of donor hospitals. Since the end of 2019, the
government has been actively working in this direction.
It is worth noting that over the past couple of years, the
already low cadaveric donor indicators have decreased
by more than twice [4].

According to the RCCT, from 2012 to the end 0of 2019,
1278 kidney transplants were performed at all transplant
centers in Kazakhstan, including 161 deceased-donor
kidney transplants [4]. Deceased donors accounted for
12.5% of the total number of operations performed and
less than 1% per million population, which is a very
low figure.

According to world statistics provided by the Global
Observatory on Donation and Transplantation (GODT)
on kidney transplantation for 2017 (Fig. 1), Kazakhstan
occupies one of the last positions in terms of number of
deceased-donor kidney transplants per million popula-
tion [1].

Objective: to objectively assess the effectiveness of
deceased-donor kidney transplant in order to indicate
the need for development of cadaveric donation pro-
grams and reduce the number of patients in the transplant
waitlist.
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MATERIALS AND METHODS

This work is based on a clinical review of 52 cases
of deceased-donor kidney transplantations in the period
from 2012 to 2019 at the National Research Oncology
Center, Nur-Sultan, Kazakhstan (Fig. 2).

The age group of the recipients ranged from 20 to
75 years old. In most cases, end-stage chronic kidney
disease resulted in chronic glomerulonephritis (76%),
pyelonephritis (1.9%), polycystic kidney disease (9.6%)

and diabetic nephropathy (11.5%), all of whom were
on long-term hemodialysis at the time of kidney trans-
plantation.

Priority was given to recipients who were to undergo
a kidney transplant for the first time, since repeated kid-
ney transplants had a high immunological risk and there
was no tissue compatibility with a deceased donor. In
one case, a repeated kidney transplantation from a cada-
ver was performed, while there was tissue compatibility
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Fig. 2. The number of deceased-donor and living-donor kidney transplants performed in Kazakhstan from 2012 to 2019
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between the donor and the recipient and there was a low
immunological risk.

Cold ischemia time varied from 6 to 23 hours and
depended on many reasons, including the location of
the deceased donor, and the time it took to perform the
necessary tissue compatibility tests and conduct a cross
match test. In most cases, transplantation was performed
according to the standard technique in the retroperitoneal
space, in the right iliac region. In two cases, in the left
iliac region. In one case, taking into account simultane-
ous kidney and pancreas transplantation, the transplanta-
tion was carried out through a laparotomic incision into
the abdominal cavity. Secondary heat ischemia did not
exceed 40 minutes. There were no technical difficulties
during the operation, given the great length of the donor
kidney vessels and the possibilities for various types of
vessel modeling.

Immunosuppressive therapy during surgery and in the
postoperative period as a whole, in comparison to that
used after living-donor kidney transplantation, has slight
differences and included the use of thymoglobulin at the
rate of 1.25-1.5 mg/kg body weight (rabbit antithymo-
cyte immunoglobulin), prograf (tacrolimus) with target
plasma levels of 8—12 ng/mL or Sandimune Neoral (cy-
closporine) 250-350 ng/mL, CellSept (mycophenolate
mofetil) 2 grams per day or Mayfortic (mycophenolic
acid) 1540 mg per day and high doses of glucocorticoids.

RESULTS

In 35 cases (67%) after renal transplant reperfusion,
initial appearance was noted within the first 10 minutes.
In 13% cases, there was delayed graft function due to
prolonged cold ischemia and subsequent reperfusion
injury, which required postoperative renal replacement
therapy before the transplanted kidney began to func-
tion. In one case, there was an intraoperative ultra-acute
graft rejection that could not be treated with high doses
of glucocorticoids; the kidney transplant was removed.
Two patients (3.8%) developed a clinic of acute renal
graft rejection in the early postoperative period — on
days 2 and 7 after surgery; after the rejection crisis was
stopped by drug therapy, graft function was restored. In
the early postoperative period, one patient after simul-
taneous kidney and pancreas transplantation developed
acute rejection of the transplanted organs, which could
not be treated conservatively and required subsequent
removal. One (1.92%) patient died as a result of bilateral
pneumonia, which led to sepsis and death.

DISCUSSION

Organ transplantation is the most rapidly developing
branch of surgery. The first human kidney transplanta-
tion was performed more than 60 years ago [5]. This
treatment remains the gold standard in the treatment of
end-stage kidney disease [6]. Currently, transplantation
as a science has become multidisciplinary, including not
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only surgery but also immunology, genetics, nephrology,
and pharmacology [7]. Advances in immunology have
improved graft and recipient survival [8]. The use of a
cross-match test practically eliminated the possibility
of developing acute rejection. Identification of donor-
specific antibodies in recipients and the use of desensi-
tizing therapy have reduced the frequency of antibody-
mediated rejections [9]. Organ preservation methods,
which include modern preservation solutions, as well as
various mechanical devices to preserve organ viability,
reduce the degree of ischemic injury to the organ [10].
Transplant science is continuously evolving and the main
limitation is organ shortage. One of the important factors,
of course, is the lack of public awareness and the general
unpreparedness of the society for organ donation. This
is a complex issue that requires ethical and religious
debate. However, the society around the world should
be convinced that it is currently the only way to save
lives and improve the quality of life for this group of
patients. The idea of creating artificial organs and using
organs from animals, even at the stage of experiments
and before application in practice, still requires decades
of research. As an alternative to heart transplantation,
ventricular assist devices and artificial heart are now
being used as a specific therapeutic regimen and have
been shown to prolong life compared to conservative
therapy alone. However, no artificial organ, kidney or
heart can match the life expectancy or quality of life of
a successfully transplanted organ.

CONCLUSION

A kidney transplant from a posthumous donor has
priority over kidney transplantation from a living donor
for various reasons. The main advantage is the exclusion
of organ removal from a living donor, and exclusion
of all risks associated with surgical intervention (donor
nephrectomy).

According to the WHO program, deceased-donor or-
gan transplantation is the main direction in treating pati-
ents who have been waitlisted for organ transplantation.
In developed European countries and the USA, the main
emphasis is on development of cadaveric transplantation.
In Kazakhstan, the number of patients on the waiting list
for cadaveric kidney is growing, while the number of
cadaveric donors is falling.

The task of increasing the number of cadaveric or-
gan transplants should not rest entirely on the shoulders
of transplantologists, it should also be addressed at the
government level with constant propaganda to explain to
the citizens the need for a cadaveric donation program.

The authors declare no conflict of interest.
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Objective: to evaluate the early and long-term outcomes of cadaveric kidney allotransplantation (CKAT) based
on a retrospective analysis of 71 cases treated at Krasnoyarsk Regional Clinical Hospital (KRCH). Materials and
methods. From March 2014 to June 2019, 71 kidney transplants were performed at KRCH — 42 (59.15%) men
and 29 (40.85%) women. The age of the patients varied from 20 to 59 years (mean age 39.6 + 8.14 years). The
causes of end-stage chronic kidney disease which subsequently led to CKAT were chronic glomerulonephritis,
chronic tubulointerstitial nephritis, hypertensive nephropathy (HN), diabetic nephropathy resulting from type I
diabetes (DN), nephropathy of mixed genesis (HN + DN), vesicoureteral reflux, congenital angiodysplasia of
the kidneys, and Alport syndrome. The mean number of HLA mismatches was 4.5 £ 0.9. Results. Hospitaliza-
tion lasted for an average of 34.05 £ 9.56 days. Primary function was observed in 32 (45.08%) patients, while
39 (54.92%) cases had delayed function. Post-transplant complications were noted in 23 (32.39%) patients, of
whom 12 (16.9%) had early post-transplant complications, while 15 (21.13%) encountered complications in the
late post-transplant period. The most frequently diagnosed were immunological, infectious, and urological com-
plications. Vascular, surgical, oncological, and other complications were less frequent. The annual graft survival
rate was 87.3%. Patient survival rate was 95.77%. One (1.4%) and 2 (2.81%) patients died in the early and late
post-transplant periods, respectively. Hospital mortality — 1 case (1.4%). Conclusion. Kidney transplantation is
the most effective treatment for patients with irreversible chronic kidney disease. About 87.33% of transplants
were found to be effective. However, 32.39% of patients had postoperative complications. The vast majority of
complications were reversible and were corrected conservatively or surgically. Nevertheless, graft loss occurred
in 12.67% of cases. The success of transplantation depends on a number of factors related to both the donor and
the recipient, as well as the immunological status and surgical technique. A personalized approach to recipients
helps to reduce postoperative complications, prevent nephrotoxicity and rejection reactions.

Keywords: kidney transplantation, chronic kidney disease.

INTRODUCTION

Intensification of transplantation activity and making
of progress in the organization of organ donor processes
are the most promising solution to the problem posed by
a steady increase in the number of patients with end-stage
chronic kidney disease (CKD) [1, 2].

Trends in modern medicine are such that kidney
transplantation provides better long-term outcomes
compared to other renal replacement therapy methods

the Krasnoyarsk Regional Clinical Hospital (KRCH) in
Krasnoyarsk, Russia. From March 2014 to June 2019,
71 cadaveric kidney transplants were performed; the
number of such surgeries is increasing annually.

Along with development of the donor service, the
number of donor bases has increased from 1 in 2014
to 7 in 2019. The region had 23.8 donors per million
population in 2018 [5]. Today, 8.8% of patients on hemo-
and peritoneal dialysis are on the active waiting list for
kidney transplantation at KRCH. The average waiting

in end-stage CKD. Survival rates of kidney recipients
are higher than those of patients on long-term hemo- or
peritoneal dialysis [3].

Kidney transplantation is highly effective not only
socially, but also economically. Over a three-year period,
the cost of providing one CKD patient with hemodialysis
is higher than that of a renal transplant patient [4].

Deceased-donor kidney transplant was performed
for the first time in Krasnoyarsk Krai in March 2014 at

time for a donor kidney is 286 days.

So, it is obvious that there is not just a high demand
for kidney transplantation in Krasnoyarsk Krai, but
also a significant demand for transplantation and donor
services.

OBJECTIVE

The aim of this study is to evaluate the early and long-
term outcomes of cadaveric kidney allotransplantation
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(CKAT) based on a retrospective analysis of 71 cases
treated at KRCH in Krasnoyarsk.

MATERIALS AND METHODS

We conducted a retrospective analysis of the treat-
ment of 71 patients aged 20 and above, who underwent
CKAT from March 2014 to June 2019 at the 2nd surgical
ward of KRCH in Krasnoyarsk (Fig. 1).

The work of the KRCH transplant service is carried
out in accordance with the standards and clinical guide-
lines for kidney donation and transplantation adopted by
the Russian Transplant Society [6, 7].

The donor service at KRCH was assessed. Forty-eight
patients were effective donors. The main reasons for
exclusion from being a donor were identified infectious
diseases, increasing phenomena of multiple organ failure
syndrome, cardiac arrest during follow-up, and identified
intraoperative focal organ tumors. The average age of
effective donors was 44.17 = 8.07 years. Azotemia va-
lues were as follows: creatinine 92.33 + 20.27 mmol/L,
urea 5.47 £+ 1.74 mmol/L, potassium 3.7 + 0.43 mmol/L.

The CKAT waiting list was analyzed. While being
placed on the waiting list, 26 (36.62%) patients had an-
uria, 32 (45.08%) had oliguria, and 13 (18.3%) were
diagnosed with preserved diuresis. Before transplanta-
tion, 67 (94.36%) patients underwent renal replacement
therapy using hemodialysis. Dialysis time in recipients
ranged from 0 (4 patients (5.66%) were operated on at
the pre-dialysis stage) to 120 months, averaging 33.59 +
23.87 months.

Among the recipients, men accounted for 59.15%
(n=42), while women were 40.85% (n=29). The age of
the patients varied from 20 to 59 years (mean age 39.6 +
8.14 years). The main characteristics of the recipients are
presented in Table.

Table
Demographics of kidney recipients
Indicator Number of recipients %
Donor age, years
Range (average)
20-59 (39.6 £ 8.14)
20-29 10 14.1
30-39 25 352
4049 22 31.0
50-59 14 19.7
Donor gender (f/m) 29/42

The causes of end-stage CKD and further CKAT
were: chronic glomerulonephritis (CGN) (57, 80.28%),
chronic tubulointerstitial nephritis (CTN) (5, 7.04%),
hypertensive nephropathy (HN) (4, 5.63%), diabetic
nephropathy (DN) (1, 1.4%), nephropathy of mixed ge-
nesis (HN + DN) (1, 1.4%), vesicoureteral reflux (VUR)
(1, 1.4%), congenital renal angiodysplasia (CRAD) (1,
1.4%), Alport syndrome (1, 1.4%).
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Fig. 1. Number of cadaveric kidney allotransplantations per-
formed during the study period

The list of studies corresponded to the standard set
of diagnostic measures approved by the Russian Trans-
plant Society; all patients on the CKAT waiting list were
subjected to HLA typing and HLA antibody titer deter-
mination [7]. The average number of HLA mismatches
was 4.5+ 0.9.

The laboratory values of the general blood analysis
of recipients had no significant deviations: red blood
cell —3.78 = 0.48 x 10"*/L, hemoglobin — 118.84 +
13.47 g/L, white blood cells — 7.52 + 1.67 x 10?/L, pla-
telets — 205.32 +45.4 x 10°/L.

Azotemic indicators had a fairly high range of va-
lues: urea — 15.07 £ 6 mmol/L, creatinine — 663.77 +
175.79 pmol/L. This was primarily due to the different
periods of dialysis duration and technique, as well as
the analysis time.

Standard cross-over heterotopic kidney transplanta-
tion was performed in 68 (95.77%) patients (right to left
23 (32.39%) kidneys, left to right 45 (63.38%) kidneys).
In 3 (4.22%) cases, an organ-side transplant was perfor-
med (right to right 1 (1.4%) kidney, left to left 2 (2.82%)
kidneys). Access in these cases was chosen due to the
impossibility of performing cross-sectional transplan-
tation for various reasons: early transplanted pancreas,
inability to access the main vessels, etc.

An overwhelming number of kidneys (52 transplants
(73.24%)) had standard anatomy. However, 13 kidneys
had vascular features: 11 (15.5%) organs had 2 renal
arteries (RAs); 1 (1.4%) —2 RAs and 2 renal veins (RVs)
and in 1 (1.4%) case — 3 RVs. In addition, 5 (7.04%)
kidneys had cysts, which was subsequently confirmed
histologically; in 1 (1.4%) case, an up to 7 mm bulk
lesion was revealed, which was verified as a papillary
adenoma during an urgent intraoperative pathomorpholo-
gical examination in order to rule out malignant tumor of
the kidney. One kidney (1.4%) had a complete doubling
of the pelvicalyceal system with a complete doubling of
the ureter.

The revealed features of angioarchitectonics in 6
(8.45%) cases required reconstructive surgery: 3 (4.22%)
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cases — the accessory RA was anastomosed end-to-side
with the main RA; 1 (1.4%) case —2 RAs on the site were
reconstructed into 1 RA on a common site of smaller
size; 2 (2.81%) cases — short RV was lengthened using
a portion of the inferior vena cava.

The detected tumors in donor organs also required
additional surgical manipulations: kidney cysts were
detected in 5 (7.04%) cases, walls of the cysts were ex-
cised, in 1 (1.4%) graft with an up to 7 mm bulk lesion,
a wedge-shaped kidney resection was performed.

All patients underwent standard heterotopic renal
transplantation to the iliac area. The average duration of
the operation was 191.27 + 28.4 minutes. Intraoperative
blood loss averaged 222.53 + 76.95 mL.

The vast majority of transplants were performed
using the standard technique consisting of RA anastomo-
sis with the external iliac artery (ELA) in an end-to-side
manner in 62 (87.32%) cases, while in 9 (12.67%) cases,
anastomosis was made with the internal iliac artery (ILA)
by the end-to-end technique due to the impossibility of
matching the ELA and RA diameters. The RVs were in
all cases anastomosed with the external iliac vein end-
to-side. Ureteroneocystoanastomosis in all cases was
performed according to the Lich-Gregoir procedure with
double-J stent. Average duration of conservation was
439.46 + 128.35 minutes.

Immunosuppression was induced taking into account
the immunological risk (PRA level, number of HLA mis-
matches, recipient age): in 64 (90.14%) cases, induction
was performed according to the Basiliximab + Methyl-
prednisolone scheme; in 5 (7.04%) cases, due to a high
immunological risk and high PRA level, induction was
performed with Thymoglobulin + Methylprednisolone;
in 2 (2.81%) cases, induction with methylprednisolone
was done.

Immunosuppressive therapy was initiated according
to a standard 3-component scheme: calcineurin inhibitors
(CIs), MMF and glucocorticosteroids. In 68 (97.18%)
cases, Tacrolimus + Mycophenolic acid + Methylpredni-
solone; in 3 (2.8%) cases, Cyclosporin + Mycophenolic
acid + Methylprednisolone; two patients had already
received immunosuppressive therapy with Cyclospo-
rin — due to previous transplantation, it was decided not
to convert; one patient converted from tacrolimus to
cyclosporine due to development of post-transplant di-
abetes mellitus.

RESULTS

The effectiveness of surgical interventions was eva-
luated based on the peculiarities of the course and deve-
lopment of post-transplant complications. It was divided
into early (<3 months after surgery) and late (>3 months
after surgery).

Laboratory parameters were monitored daily in the
early postoperative period. A fall in hemoglobin levels
was observed, which reached its minimum values by
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day 3, then it was restored. Increased manifestations of
anemia were observed in 15 (21.12%) patients, which
required an average of 877.33 £ 369.46 mL in blood
transfusion. This was probably due to the development of
hemorrhagic complications like intraoperative bleeding,
parenchymal and wound bleeding in the early postopera-
tive period, and hemostasis defects during hemodialysis
sessions.

In accordance with clinical guidelines, on day 1 after
CKAT, all patients underwent standard determination of
calcineurin inhibitor blood concentration at the rate of
0.1-0.2 mg/kg/day every other day until the end of hos-
pitalization (Fig. 2). The average tacrolimus levels from
day 1 to day 15 corresponded to the target levels after
CKAT (8-15 ng/ml). An increase in concentration by day
3 was associated with initiation of immunosuppressive
therapy and subsequent dose adjustment [8].

White blood cell (WBCs) and potassium levels de-
creased to minimum values by day 5, after which they
increased.

In the first 2 days, patients showed increased WBC
levels, with a subsequent decrease to minimum values
by day 5, which may correspond to a period of high con-
centration of immunosuppressants in the blood [9]. After
dosage adjustment, WBC levels reached normal values.

Creatinine content steadily decreased from 624.22 +
196.85 umol/L on day 1 to 222.01 = 116.43 pumol/L
on day 15 day after surgery. Urea concentration incre-
ased from 18.57 £ 5.38 mmol/L on day 1 to 19.67 +
5.22 mmol/L on day 2, and for three days there was
almost no change (19.51 = 7.14 mmol/L on day 5),
after which urea level gradually decreased to 14.44 +
5.63 mmol/L on day 15 (Fig. 3).

An increase in urine output was noted in the first
5 days after surgery from 1481.37 + 1189 mL to
2806.27 = 1539.68 mL by day 5, then urine output de-
creased, reaching normal values by day 10 and day 15
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Fig. 2. Tacrolimus concentrations after surgery
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(2484.26 £ 910.75 mL and 2463.28 + 835.57 mL, res-
pectively) (Fig. 4).

Ultrasound examination was carried out during week
1 every day, and then once every second day starting
from week 2 till the end of hospitalization. Renal graft
sonography in the early days showed a slowdown in RA
blood flow up to day 5. Blood flow velocity in the RA in-
creased in the following days. Blood flow velocity in the
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segmental artery (SA) and arcuate artery (AA) increased
throughout the entire follow-up period (Fig. 5). Average
renal speed indicators were within normal limits [10, 11].

Resistive indices RA and SA increased in the first
3 days, and then decreased in subsequent days. The AA
resistive index decreased throughout the observation pe-
riod (Fig. 6). The average values of the resistive indices
were within the reference values [10, 11].

Drains were removed at postoperative day 4.22 +
0.81, the urethral catheter at postoperative day 8.35 +
1.52, and the ureteral stent at postoperative day 27.67 +
6.27.

The average duration of hospitalization was 34.05 +
9.56 days.

Primary function was observed in 32 (45.08%) pati-
ents, while delayed function was noted in 39 (54.92%)
patients. The criterion for delayed function included one
or more hemodialysis sessions in the first 7 days after
surgery [12]. Hemodialysis sessions were performed in
39 patients in numbers ranging from 1 to 18, on average
3.34+£2.18.

Postoperative complications were divided into seve-
ral types: immunological (9.85%), infectious (8.45%),
urological (7.04%), vascular (5.63%), surgical (2.81%),
oncological (2.81%) and others (4.22%).

Post-transplant complications were recorded in 23
(32.39%) patients, of which 11 (15.49%) had the com-
plications in the early post-transplant period.

Among immunological complications, acute cellular
rejection was most common (n = 3; 4.22%), which in
all cases was stopped by a course of methylprednisolone
pulse therapy in a total dose of 1.5-2.0 g. Acute humoral
graft rejection in all cases (n = 2; 2.81%) resulted in
graftectomy.

Vascular complications (n=2; 2.81%) were associa-
ted with renal vein thrombosis of the graft and resulted
in graftectomy. Surgical complications (n = 2; 2.81%):
postoperative wound hematoma — revision, wound deb-
ridement was performed; subcapsular hematoma rupture
with massive bleeding — graftectomy was performed.

Post-transplant tacrolimus-induced diabetes mellitus
developed in 1 (1.4%) patient; according to recommen-
dations, tacrolimus was converted to cyclosporine with
a positive effect [13, 14]. Acute nephrotoxicity caused
by Cls and confirmed histologically was recorded in one
patient, which required a dose adjustment of the immu-
nosuppressive drug with a positive effect.

Fifteen (21.13%) patients had a complicated late
post-transplant period.

Immunological complications (n = 2; 2.81%): in 1
(1.4%) case, acute cellular rejection was diagnosed,
arrested conservatively, in another 1 (1.4%) patient —
chronic steroid-resistant graft rejection with loss of graft
function. Vascular complications (n = 2; 2.81%): RA
stenosis — graft artery was stented; renal artery throm-
bosis — graftectomy was performed.
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Urological complications (n = 5; 7.04%): 2 (2.81%)
patients had VUR, 1 (1.4%) patient underwent transure-
thral correction of the ureteral orifice. One (1.4%) patient
developed purulent graft pyelonephritis, conservative
measures had no effect, sepsis, graftectomy, death on
day 187 after transplantation. Ureteral obliteration (n=1;
1.4%) — laser ureterotomy was performed with a positi-
ve outcome. Ureterocystoanastomosis stricture (n = 1;
1.4%) required neoureterocystoanastomosis. A possible
cause of complications associated with development of
ureteral stricture is due to disruption in its blood supply
against the background of acute cellular rejection previ-
ously suffered in these patients [15, 16 [15, 16].

Oncological complications (n = 2; 2.81%): one pati-
ent developed Kaposi’s sarcoma; conservative therapy
gave a positive trend — tumor regression. Prostate can-

cer TIMONO was diagnosed a year later in one patient
after performing transurethral resection of the prostate
against the background of increasing infravesical obs-
truction; small acinar adenocarcinoma was diagnosed
on the basis of pathomorphological examination of the
surgical material. In both cases, conversion from MMF
to everolimus was performed.

Infectious complications (n = 6; 8.45%): in 5 (7.04%)
cases, CMV viremia, in 1 (1.4%) case, hepatitis B reac-
tivation — antiviral therapy was prescribed.

Acute nephrotoxicity caused by Cls developed in 1
(1.4%) patient. The immunosuppressive drug dose was
adjusted with a positive effect.

Drug-induced ulcerative colitis (UC) in 1 patient
required withdrawal of the immunosuppressive drug,
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against which the UC phenomena subsided, but later
there was loss of graft function.

Combinations of complications were conditionally
divided into monospecific, when complications of one
type developed, and polyspecific, combining complica-
tions of 2 or more types.

Monospecific complications were recorded in 19
(26.76%) patients, 3 (4.22%) patients had a combination
of 2 types of complications, and 2 (2.8%) patients had
polyspecificity, combining 3 or more types. At the same
time, a combination of complications could develop both
during either or both postoperative periods.

The 1-year and 5-year graft survival after CKAT were
87.3% and 73.51% respectively. Loss of graft function
predominantly occurred in the 5th year after surgery
(after 48 months) (Fig. 7).

The group of patients with 3 or more HLA matches
(n = 12) had a higher percentage of primary function

compared to the group of patients with 2 or less HLA
matches (n =59) (58.33% and 42.37% respectively), as
well as the best 3-year survival rate (100% and 85.9%,
respectively) (Fig. 8).

Graftectomies were performed in 9 (12.67%) pati-
ents. In the early post-transplant period (up to 3 months
after surgery), grafts were removed in 4 (5.63%) pati-
ents, while in the late post-transplant period, 5 (7.04%)
patients had graftectomy. The reasons for graftectomy
were surgical, immunological, vascular, and urological
complications.

Patient survival rate was 95.77% (68 patients) (Fig. 9).

One patient died at the early post-transplant period;
2 (2.81%) patients died at the late post-transplant stage.
Hospital mortality was 1 case (1.4%), the cause of death
was sepsis against the background of acute purulent graft
pyelonephritis. In 2 (2.81%) cases, the cause was acute car-
diovascular failure due to acute coronary syndrome (ACS).
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This is consistent with reports indicating that deaths after
kidney transplantation are often due to cardiac pathology
[17].

DISCUSSION

Analyzing the results obtained, we can identify
anumber of factors influencing the outcome, graft func-
tionality and development of complications.

Post-transplant complications that developed in 23
(32.39%) patients had an adverse effect on graft function:
of them, 11 (15.49%) in the early post-transplant peri-
od, and 15 (21.13%) in the late post-transplant period.
Complications were divided into several types: immuno-
logical (9.85%), infectious (8.45%), urological (7.04%),
vascular (5.63%), surgical (2.81%), oncological (2.81%)
and others (4.22%).

Donor factor

When evaluating effective donors, it was noted that
the mean age was 44.17 =+ 8.07 years, and azotemia in-
dicators were within reference values: creatinine 92.33 £
20.27 pmol/L, urea 5.47 £+ 1.74 mmol/L, potassium 3.7 +
0.43 mmol/L.

An important factor influencing outcome is the dura-
tion of preservation. Prolonged cold ischemia time is a
recognized risk factor for graft dysfunction. Maximum
reduction in cold ischemia time is one of the clinically
feasible options for prevention of graft dysfunction [18].
The graft preservation period in the analyzed patients
was 439.46 + 128.35 minutes.

In addition, it should be noted that 26.76% of the
donor organs had vascular features, development of the
pelvicalyceal system and the ureter, tumors that requi-
red reconstructive surgery. 18.3% of the kidneys had
vascular features, but vascular reconstruction was requi-
red only in 8.45% of cases. Renal parenchymal tumors
were detected both preoperatively and intraoperatively in

6 (8.45%) cases. When kidney cysts were detected (n=15;
7.04%), the walls of the cysts were excised, followed by
histological examination; in all cases, benign nature was
confirmed. Intraoperatively, when processing 1 (1.4%)
graft, a tissue formation up to 7 mm in size was detected,
a wedge-shaped kidney resection was performed with
urgent pathomorphological examination — papillary renal
adenoma was verified.

The relationship of change in creatinine difference
between recipients on day 15 and the donor was 94.14 +
75.16 pumol/L, with a donor-recipient creatinine diffe-
rence of 142.87 = 102.50 umol/L for donors 45 years
old and above, and 58 £ 39.57 umol/L for 44 years old
and younger.

Recipient factor

Patient age, etiology of CKD, and comorbidity are
important predictors of CKAT outcome. Recipients
ranged in age from 20 to 59 years (mean age 39.6 +
8.14 years). The main pathologies that caused CKD
and further CKAT were: CGN (57 patients, 80.28%),
CTN (5 patients, 7.04%), HN (4 patients, 5.63%), DN
(1 patient, 1.4%), mixed nephropathy (1 patient, 1.4%),
VUR (1 patient, 1.4%), CRAD (1 patient, 1.4%), and
Alport syndrome (1 patient, 1.4%). The baseline azote-
mic values of the recipients before CKAT and the dia-
lysis duration of recipients play a significant role in the
postoperative period. The mean uremic values of those
studied were: urea 15.07 = 6 mmol/L, creatinine 663.77 +
175.79 pumol/L; the fairly large range of values is pri-
marily associated with the dialysis method and various
dialysis durations, which ranged from 0 (4 patients were
operated on at the pre-dialysis stage) up to 120 months
(mean 33.59 £+ 23.87 months). Postoperative hemodialy-
sis sessions were required for 39 patients, ranging from
1 to 18, on average 3.34 + 2.18.
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Immunological factor

An important factor influencing the development of
complications, restoration of graft function and post-
operative complications is the number of haplotype
mismatches. There was an average of 4.5 £ 0.9 HLA
mismatches.

The group of patients with 3 or more HLA matches
(n = 12) had a higher percentage of primary function
compared to the group with 2 or less HLA matches
(n =159) (58.33% and 42.37% respectively), as well as
a better 3-year survival (100% and 85.9%, respectively).

There was a direct correlation between the number
of HLA matches and graft survival. In patients with 3 or
more HLA matches, graft survival was 100%, whereas
in the group with 2 or less HLA matches, it was 85.9%.

Technological factor

Prior to March 2014, there were no kidney transplant
surgeries performed in Krasnoyarsk Krai. We noted that
the highest number of complications in the early postope-
rative period was observed in patients who underwent
CKAT in 2014-2016. A decrease in the number of com-
plications is associated with mastering and improving
donor conditioning methods, organ explantation and
CKAT technology, and accumulation of experience by
medical and nursing personnel. At KRCH, CKAT is no
longer a unique operation, but a routine one.

Twenty percent of patients had early postoperative
complications after CKAT in 2014-2016, whereas in
2017-2019 it was only 13.04%. The need for early post-
operative graftectomy was 8% in 2014-2016 and 4.34%
in 2017-2019.

Graftectomies were performed in 9 (12.67%) patients.
The main reasons leading to graftectomy in our obser-
vation were vascular thrombosis (4.22%).

So, primary function was observed in 32 (45.08%)
patients, while delayed function in 39 (54.92%). One-
year graft survival after CKAT was 87.3%. The main
reasons leading to graftectomy in our observation were
vascular thrombosis (4.22%), acute humoral (2.81%) and
chronic steroid-resistant rejection (1.4%). The possibility
of postponed acute cellular graft rejection having an
influence on occurrence of strictures and ureteral obli-
teration in the late postoperative period cannot be ruled
out. In 2 (2.81%) patients out of 4 (5.63%) who had
cellular rejection, ureteral strictures of various lengths
developed in the late post-transplantation period. Sepsis
was the most formidable complication in the group of
transplanted patients. It led to death in 1 (1.4%) patient
from the group of patients. The overall patient survival
was 95.77% (68 patients).

Timely prevention and elimination of early and late
complications of kidney transplantation predetermines
the further functionality and survival of the donor organ.
In this regard, it is necessary to monitor the recipient’s
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condition and organ function both at the inpatient and
at the outpatient treatment stages.

CONCLUSION

In Krasnoyarsk Krai today, there is a high demand for
donor services and kidney transplantation. The number
of effective donors and kidney transplants in KRCH is
increasing every year, and fewer complications are being
recorded.

Kidney transplantation is the treatment of choice for
end-stage chronic kidney disease. Our data shows that
87.33% of transplants were effective. However, 32.39%
of patients had postoperative complications, including
immunological (9.85%), infectious (8.45%), urological
(7.04%), vascular (5.63%), surgical (2.81%), oncological
(2.81%) and other (4.22%) complications. The vast ma-
jority of complications were reversible and were correc-
ted conservatively or surgically. Nevertheless, 12.67%
of patients had graft loss.

The factors described above play a significant role in
the success of transplantation. A personalized approach
to recipients helps to reduce postoperative complications
and prevent nephrotoxicity and rejection reactions.

The authors declare no conflict of interest.
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IMMEDIATE OUTCOMES OF TREATMENT OF SEVERE MITRAL
ANNULAR CALCIFICATION
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Mitral annular calcification (MAC) is a chronic degenerative process involving the fibrous part of the mitral
complex, characterized by calcium deposition and loss of valve function. MAC prevalence is 8—10%, but despite
this, the clinical significance of MAC is underestimated. Currently, there are reports that complete decalcification
leads to improved long-term outcomes in patients with severe MAC. An analysis of the immediate outcomes of
mitral valve surgery in patients with severely calcified mitral annulus with decalcification was performed. The
calcified annulus fibrosus underwent complete decalcification in all cases. Calcium deposits were removed in
a single block, in 6 cases it was reconstructed with a xeno-pericardial patch; in 2 cases the annulus fibrosus was
sutured. There were 2 cases of in-hospital mortality, caused by acute heart failure on day 8 in 1 patient and pul-
monary embolism on day 30 after operation in the second patient. There were no complications associated with
coronary artery injury and left ventricular posterior wall rupture. Experience in the treatment of severe mitral
valve calcification with extensive annulus fibrosus decalcification and subsequent reconstruction is possible and

gives satisfactory results.

Keywords: heart base calcification, radiation therapy, decalcification.

INTRODUCTION

Calcification of the base of the heart is a progressive
degenerative process characterized by calcification of
the fibrous skeleton of the heart with involvement of the
mitral annulus and the surrounding myocardium, which
may eventually lead to loss of valve function. Multiple
studies have shown that there is a high prevalence of this
disease in clinical practice, ranging from 7% to 24%. In
a series of 258 autopsies, the overall incidence in persons
over 50 years of age reached 8.5%; a higher prevalence is
found in older women, which reaches 43.5% by the age
of 90 years [1].

Systematic retrospective, echocardiographic studies
have shown that severe calcinosis is closely associated
with age, atrioventricular valve regurgitation, and aortic
valve stenosis. Mohammad et al. retrospectively review-
ed 24,380 echocardiograms and found that severe mitral
annulus calcification was present in 11.7% of patients
with mitral regurgitation [2]. Improvement of highly
sensitive diagnostic methods used in clinical practice
made it possible to estimate the prevalence of this pa-
thological condition. A study by Allison et al. based on
CT scan in asymptomatic patients revealed that 8% were
found to have mitral annular calcification and suggested
that the calcification may be of atherosclerotic nature [3].
Severe mitral valve calcification can serve as a marker
for structural changes in the heart, with increased risk
of cardiovascular disease and sudden cardiac death [4].

Population aging, leading to an inevitable increase
in risk factors (arterial hypertension, diabetes mellitus,
kidney disease) [5], and use of radiation treatment for
thoracic tumors will significantly increase the prevalence
of severe mitral valve calcification in the future, and as
a consequence, lead to complex changes in the patient
population, creating additional problems in the treatment
of this condition. Surgical treatment of patients with
valve disease combined with annulus calcification is
associated with high in-hospital mortality and postope-
rative complications. To prevent postoperative surgical
complications, surgical treatment of severe calcifica-
tion requires additional complex procedures. Techniques
involving complete decalcification and reconstruction
of the mitral valve annulus described in the mid-1990s
have not lost their relevance at the present time and are
the most preferred surgical techniques that would avoid
severe postoperative surgical complications [6, 7].

Objective: to evaluate the immediate outcomes of
surgical treatment of severe mitral valve calcification
with complete decalcification in a single block and re-
construction of the annulus fibrosus.

MATERIAL AND METHODS

The study enrolled 8 patients operated on from
2016 to the present with severe mitral annular calcifi-
cation. The mean age of the patients was 64.12 + 10.57
(47-80 years), all patients were female and had NYHA
heart failure functional class 3—4. Most of them had va-
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rious comorbidities aggravating the course of the under-
lying disease. The mean logistic EuroScore I risk score
was 9.73 £4.49% (ranged widely from 3.07 to 15.66%),
the 30-day Society of Thoracic Surgeons Predicted Risk
of Mortality (STS PROM) was 8.96 £+ 6.93% (ranged
from 3.99 to 21.26%). In 2 patients, the operation was
repeated, 1 patient had undergone 2 years earlier mi-
tral valve repair with Sorin 29 mechanical prosthesis,
De Vega tricuspid valve plasty and Labyrinth operation
for mitral valve prolapse and persistent atrial fibrillation,
the present hospitalization was for paraprosthetic fistula.
The second patient, 13 years earlier, underwent mitral
valve repair with Carbomedics 29 mechanical prosthesis,
Boyd tricuspid valve plasty for rheumatic lesion. Her
return visit to the hospital was due to aortic stenosis and
mitral prosthesis dysfunction — increase in pannus with
formation of mitral stenosis.

Four patients had rhythm and conduction disorders:
2 had permanent atrial fibrillation, tachysystolic vari-
ant, 1 had third-degree atrioventricular (AV) block, for
which a permanent pacemaker was implanted, 1 had an
incoming AV block, Mobitz type 1.

Transthoracic echocardiographic examination was
performed on Phillips iE 33 (Philips Medical Systems,
Andover, MA). In addition, visualization of cardiac
structures, hemodynamic characteristics of the valves
were calculated, and ventricular function was assessed.
To visualize the mitral annulus and assess the extent of
annulus fibrosus calcification, the study was performed
from parasternal access along the short axis. Grade 3—4
mitral regurgitation was revealed in 4 patients (50%).
Mitral stenosis in 6 patients (75%), mean values of
peak and mean diastolic gradients on mitral valve were
19.33 £8.09 and 9.8 = 7.19 mmHg. Aortic valve stenosis
in 4 (50%) patients, mean peak and mean systolic gradi-
ents were 103.25+12.57 and 74.75 = 15.73 mmHg, and
combination with aortic valve insufficiency in 2 (25%)
patients. Relative tricuspid regurgitation requiring sur-
gical correction was detected in 1 patient (12.5%). The
functional state of the left ventricular myocardium was in
satisfactory condition, the mean value of left ventricular

ejection fraction was 67 + 10.7%. Changes in left ventri-
cular geometry in the form of eccentric hypertrophy were
observed in 3 patients, with an EDV/BSA ratio of 70.3 £
33.4 mL/m? (79 to 137.5 mL/m?*). The mean pulmonary
artery pressure by measuring the tricuspid regurgitation
rate in continuous-wave Doppler ultrasound was 55.25 +
13.9 mmHg.

All patients underwent computed tomography (CT)
scan. Calcification was defined as a particle with density
of >200 Hounsfield units (HU). Calcium levels (3259.5
to 7383.18), calcium volume in the fibrous ring (1005.1
to 2222.82 mm?*), weight (2725.6 to 6014 mg), and extent
of calcification expressed in degree of the arc involved
(62 and —331 degrees) were calculated based on the sli-
ces. Calcium was quantified according to the method
described by Agatston et al. [8].

All patients underwent coronarography. Right coro-
nary artery (RCA) dominance was observed in 6 pati-
ents, left coronary artery (LCA) dominance was noted
in 1 patient, and balanced circulation was observed in
1 patient. Coronary artery lesions were detected in 1 pa-
tient (right coronary artery of the proximal third 85%,
posterior interventricular branch of the right coronary
artery 80%, circumflex branch 75%). Additional clinical
characteristics of the patients are presented in Table.

SURGICAL TECHNIQUE

In all cases, access was performed through median
sternotomy with cardiopulmonary bypass (CPB) by can-
nulating the vena cava and ascending aorta with hypo-
thermia 28 °C. Cardioplegia in isolated mitral correction
was performed in an antegrade manner into the aortic
root; with interventions on the aortic valve, it was per-
formed selectively into the coronary artery orifices. The
mitral valve was accessed through the vertical bicuspid
access. Complete decalcification was performed by ope-
ning the fibrous tissue over the decalcification; calcium
was removed in a single block throughout the acute rou-
te, between 2 fibrous triangles. After decalcification, a
defect was usually formed completely separating the
left atrial myocardium from the ventricle. In 2 cases,

Table

Clinical characteristics of patients (n = 8)

Body surface area (kg/m?) 1.80 £ 0.18 (1.57-2.16)
Diabetes (n) 3

CKD-EPI creatinine clearance (mL/min/1.732 m?) 72.25 (50-109)
Stage 3 CKD 3

Chronic obstructive pulmonary disease (n) 3
Hypothyroidism (n) 2

Arterial hypertension 6

Stroke 2

Etiology degenerative / endocarditis* / RILI / rheumatism 3/1/2/2

* — endocarditis was secondary to degenerative changes in the mitral valve.
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the annulus fibrosus was repaired by suturing the formed
defect, in one case with a mattress-twisted stitch with
4-0 monofilament, and in the other case with 6 vertical
figure-of-8 sutures with 2-0 braided sutures. In 6 cases,
the mitral annulus fibrosus defect was closed by closing
the atrioventricular junction defect with a xenopericar-
dial patch (manufactured by Bakulev Scientific Center
for Cardiovascular Surgery, Moscow) of various sizes.
Xenopericardium was implanted in 5 cases with 4-0 con-
tinuous monofilament prolene sutures in one row. In the

first case, the lower edge of the patch was fixed to the
left ventricular myocardium with 12 U-shaped sutures
on Teflon spacers (this maneuver was performed due to
the large size of the defect and the 8 x 1.5 cm patch for
more reliable fixation of the latter). The upper row of the
flap was fixed to the edge of the left atrial wall defect.
In all cases, the severed posterior mitral valve leaf-
let was captured in the prosthetic suture; in the patient
with infective endocarditis, the anterior leaflet in the
area of commissures. The prosthesis was implanted with

Fig. 1. Computed tomography: 1 — Chest MSCT; 2 — echocardiography, longitudinal and cross-sectional parasternal access;
3 — 3D reconstruction of the mitral valve; 4 — coronary angiography (arrows show mitral annulus calcification, the circle indi-

cates the possible location of coronary artery lesion)
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U-shaped sutures with spacers, so that in the projection
of the native annulus fibrosus, the sutures were applied
intraannularly, and in the area of annulus fibrosus recon-
struction, the sutures were applied supraannularly behind
the central part of the xenopericardial patch.

Additional surgical procedures were performed in the
following volume: aortic valve prosthetics in 4 (50%)
patients (mechanical n = 4), subcommissural suture an-
nuloplasty of the aortic valve with suturing of the left
atrial auricle from the inside in 1 patient, plastic surgery,
Morrow myectomy in 1 patient.

RESULTS

The mean CPB time was 258 + 58.89 minutes,
the mean aortic clamping time was 152.25 + 41.58 minu-
tes. The mean reperfusion time was 105.7 £ 37 minutes.

Mechanical prostheses of different sizes were implan-
ted in the mitral valve position: Carbonix MDM 26 in
1 case, MDM prostheses size 28 in 4 cases, Medtronic
27 prosthesis in 1 case, Medtronic 31 prosthesis in 1 case,
biological prosthesis BiolAB 31 in 1 case.

Two (25%) patients died in the early period. One case
was associated with the development of acute heart fai-
lure followed by multiple organ failure. The second case
of in-hospital mortality was associated with pulmonary
embolism on day 31 after surgery in an obese patient
(BMI 43.28 kg/m*) who underwent prolonged ventilation
(619 hours of mechanical ventilation) for acute stroke,
after being transferred to the general ward.

The mean time spent in the intensive care unit was
128 +204.81 hours (19 to 619 hours). In the early post-
operative period, there were 3 cases of prolonged ven-
tilation (more than 72 hours) associated in 1 case with
acute heart failure; in 1 case, there was impaired cerebral
circulation, in 1 case there was neurologic deficit.

There were no cases of coronary artery injury, he-
morrhage and left ventricular posterior wall rupture.
Among nonlethal complications, hydrothorax was the
most common — in 4 patients. There was one case of
third-degree AV block, for which a permanent pacemaker
was implanted, as well as 1 case of pericarditis with the
development of cardiac tamponade.

Mean hospital stay was 18.8 = 12.6 days (7 to
42 days). At the time of discharge, the functional status
of the patients had significantly improved (NYHA class
1-2). The mean diastolic gradient at the mitral valve
was up to 5.6 £ 1.4 mmHg, peak 10.5 + 3.4 mmHg.
The indexed left ventricular end-diastolic volume was
62.7 +20.6 ml/m°.

DISCUSSION

Currently, the strategy for surgical treatment of mi-
tral valve defects complicated by severe mitral annular
calcification can be divided into several types. A less
aggressive approach to calcified annulus fibrosus in-
volves intra-atrial fixation of the prosthesis behind the
atrial myocardium. Nataf et al. used this technique in
21 patients, but the results were unsatisfactory, 1 case of
hospital mortality. due to atrial wall rupture in a patient

Fig. 2. a — Mitral valve exposure, base calcification in the posterior mitral leaflet projection. b — Pericardial patch plasty after
complete decalcification. ¢ — U-shaped prosthetic sutures on spacers. d, e — excised annulus fibrosus calcium from ventricular
and atrial surfaces
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with renal failure on hormonal therapy and 4 cases of
paraprosthetic fistulas [9].

Hussain C.T. et al. suggested limited debridement of
the calcified annulus with creation of a 1.5-cm wide po-
lytetrafluoroethylene (PTFE) felt washer in between the
annulus and sewing ring of the prosthesis from trigone
to trigone posteriorly. The valve and the washer are tied
down. The washer is then sutured to the atrial wall with
a second suture line (n = 20). This “sparing” decalcifi-
cation technique ensures prosthesis implantation with
a low risk of ventricular rupture. One case of hospital
mortality was associated with the initial severity of the
patient. The authors noted the absence of paraprosthe-
tic leaks and repeated interventions. The only serious
limitation of this technique is its use in patients with
wide annulus, as it results in significant reduction in the
annulus fibrosus size [10].

Another method of surgical treatment of the patholo-
gy, avoiding direct manipulations with calcified fibrous
rings, is creation of a bypass anastomosis between atrium
and left ventricular apex with a valve-containing conduit.
This concept is not new, it has been adopted from the
arsenal of mitral valve atresia treatment [11]. The tech-
nique can be used as an independent option; severe mitral
valve regurgitation is a limitation preventing wide appli-
cation of this technique. Creation of bypass anastomosis
may be safer than standard mitral valve replacement in
severe patients with concomitant lesions of other valves
and heart structures. However, due to small number of
observations and absence of long-term results, careful
study is required [12].

Within a little more than a quarter of a century since
a solution to this problem was described, at least 3 diffe-
rent methods aimed at complete decalcification with sub-
sequent restoration of the integrity of the annulus fibrosus
of the mitral valve have been proposed. The methods
described by Carpentier and David are the most widely
used in clinical practice for annulus fibrosus reconstruc-
tion after complete decalcification. Both methods are ai-
med at restoring the integrity of the posterior hemisphere
of the annulus fibrosus after complete decalcification; in
the first case, reconstruction is performed by suturing the
edges of the defect; in the second case, pericardial patch
is used. Both methods have proven satisfactory and show
comparable results. Depending on the depth of calcium
deposition, this maneuver may result in injury to the
obturator artery in the lateral commissure, and the AV
node in the medial commissure projection. The fact of
type-1 left ventricular rupture is also important. NG C.K.
and colleagues demonstrated the experience of surgical
treatment of severe annular calcification in 21 patients
using both methods in isolated mitral valve surgery; free-
dom from reoperation by the 5th year of follow-up was
94.5% with 100% survival [13]. In contrast, Uchimuro
T. and colleagues from the University of Tokyo reported
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6.6% hospital mortality in 61 patients, including rupture
from pseudoaneurysm in a 93-year-old patient on day 80
after surgery. It is worth noting the advanced age of the
patients, whose average age was 70 years; almost half
of the patients underwent aortic prosthetics in additi-
on to mitral valve intervention. Sudden cardiac death
dominated the structure of the cardiac mortality in the
mid-term follow-up in 6 out of 12 cases. One patient
underwent reoperation 6 years after operation due to
paraprosthetic fistula.

Multiple comorbidities that reduce the functional
reserve necessary for recovery after surgery classify
this pathology as a systemic disease, which is expec-
ted to increase the risk of postoperative mortality and
complications. A recent retrospective, multicenter study
identified several key points. First, patients who under-
went surgery with mitral valve ring calcification had a
high mortality rate (5.8%); there was also a high rate
of postoperative complications in the form of repeated
reoperation for bleeding, acute kidney injury requiring
dialysis, and prolonged stay on artificial ventilation. A
correlation between in-hospital mortality and number
of surgeries performed was revealed. Clinics with fewer
than 50 operations a year had a higher hospital mortality
rate [14]. The authors attribute these results to the high
initial severity and complexity of surgery. Patients with
calcification were much older, had high levels of dia-
betes mellitus and hypertension. In addition, the study
confirmed the relationship of mitral annulus calcification
with prior radiation therapy. A retrospective study of
surviving patients who received radiotherapy and com-
bined chemotherapy for childhood cancer showed a high
cumulative incidence of cardiovascular complications,
including abnormal calcium deposition in the annulus
fibrosus [15].

Operative mortality in previous studies ranges from
6 to 20% [16—19]. However, most of these studies are
single-center and performed on small groups of patients.
Due to the lack of a unified classification and strategy
regarding operative tactics, direct comparison of results
is not reliable. Studies with high surgical mortality in-
cluded patients with concomitant surgical procedures
on other valves and coronary arteries. Another signifi-
cant risk factor influencing early mortality and survival
is mitral valve replacement. A recent study compared
the outcomes of surgical treatment (prosthetic versus
reconstructive) in octogenarian patients, which found
mitral prosthetics to be an independent predictor of 90-
day mortality (31.6% versus 18.9%; p = 0.01) and was
associated with decreased survival at 1, 3, 5 years (71 £
3%, 61 + 4% and 59 £ 4% versus prosthetic outcomes
with 56 + 5%, 50 + 6%, and 45 £ 6%) [20].

A team of authors from the Mayo Clinic (Rochester,
Minnesota), systematized mitral valve calcification to
determine treatment strategies. The authors identified
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3 degrees of annulus fibrosus damage. The mild degree
corresponds to localized areas of calcium deposition or
an arc of circumference limited to 180 degrees. Such
calcifications in our practice were quite common, inclu-
ding in patients who had undergone radiation therapy,
as a rule, trivial methods were used for implantation of
prosthesis. Medium calcification is defined as dense, con-
tinuous calcification occupying 4/3 of the circumference.
And the most severe degree of calcification occupies
almost the entire annulus fibrosus with transition to the
left ventricular wall and subclavian structures. This ca-
tegory of patients belongs to the category of inoperable
patients [21].

Over the past decades, endovascular methods of treat-
ment have evolved tremendously; now the third genera-
tion of transcatheter prostheses has appeared, allowing
them to be successfully used in clinical practice. If in the
aortic position, these devices are firmly established as a
surgical option and the results are close to the traditional
method of treatment; in the mitral position, the results
remain unsatisfactory. By 2019, just over 300 different
transvalvular devices were implanted in the mitral po-
sition with a 30-day mortality of 13.6%. However, this
study did not include patients with severe annulus fibro-
sus calcification [22]. On the contrary, the experience of
treating patients with severe calcification in a series of
116 patients was associated with high mortality, 30-day
mortality reached 25%. By the st year, the survival rate
was 46.3% [23].

CONCLUSION

Despite the initial severity of patients, complete de-
calcification followed by restoration of the integrity of
the annulus fibrosus is a relatively safe and technically
reproducible method. Both reconstruction techniques
showed satisfactory outcomes, without occurrence of
left ventricular posterior wall rupture, fatal bleeding, or
coronary artery injury. Further gathering of material with
long-term assessment is required.

The authors declare no conflict of interest.
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A CLINICAL CASE OF USING THERAPEUTIC PLASMA
EXCHANGE FOR THE TREATMENT OF RECURRENT FOCAL
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Background. Focal segmental glomerulosclerosis (FSGS) of the graft in kidney recipients is a rare and difficult-
to-diagnose post-kidney transplant complication, which can lead to graft loss and death of the recipient. A unified
protocol is required for the treatment of this disease. Materials and methods. A 15-year-old female patient C.
diagnosed with stage 5 chronic kidney disease as a result of steroid-resistant nephrotic syndrome with hematuria
underwent a living related-donor kidney transplantation. On the third day after the operation, laboratory and
imaging data showed kidney graft dysfunction. Patient examinations established the cause of the graft dysfunc-
tion — idiopathic nephrotic syndrome in FSGS. Results. For the treatment of recurrent FSGS, the patient had her
immunosuppressive therapy converted from tacrolimus to cyclosporin A, and received two 500 mg rituximab
injections. Ten sessions of therapeutic plasma exchange (Plasauto Sigma) were performed to remove antibodies
to podocytes. During the therapy, diuresis was restored, creatinine and urea levels decreased. Six months after
the kidney transplant, graft function was fully restored. Conclusion. The absence of recurrent FSGS within six
months during a single course of therapeutic plasma exchange with its subsequent cancellation after restoration
of graft function allows to recommend the developed method for the treatment of FSGS in pediatric patients after
kidney transplantation.

Keywords: focal segmental glomerulosclerosis (FSGS), kidney transplantation, therapeutic plasma
exchange, pediatrics, nephrology, immunosuppression.

INTRODUCTION

Focal segmental glomerulosclerosis (FSGS) is one
of the most common morphological variants of chronic
glomerulonephritis [1]. However, it is extremely rare in

previous renal transplant develops proteinuria and/or
elevated serum creatinine levels, usually shortly after
transplantation.

Secondary FSGS usually does not recur. The causes

renal allograft recipients (RAR). Clinical manifestations,
diagnosis, treatment techniques and long-term progno-
sis are insufficiently covered in the world literature and
require further study.

Idiopathic, or primary, FSGS is characterized by typi-
cal sclerosis in a segment of the renal glomerulus along
with fusion of the small podocyte pedicel. In addition to
hereditary genetic abnormalities, other factors can also
cause podocyte damage and be the cause of primary
FSGS [2].

Idiopathic FSGS recurs in 20—50% of recipients (up
to 80% if recurrence occurred in a previous renal graft).
Sclerosis may not be evident at the onset of recurrence,
and light microscopy may show normal glomerular ar-
chitectonics. Recurrence is suspected when a patient
with confirmed primary FSGS in his own kidney or

of' secondary FSGS are genetic mutations, viruses (HIV,
parvovirus B19, cytomegaloviruses, Epstein—Barr virus,
etc.), medications and drugs (interferon-a, adriamycin,
doxorubicin, etc.), structural and functional changes in
the glomeruli (renal dysplasia, arterial hypertension,
etc.), malignant tumors, and some nonspecific FSGS-
like changes caused by renal scarring in glomerular di-
seases [3].
The clinical manifestations of FSGS are:
— Nephrotic syndrome (70% of patients), persistent
proteinuria without nephrotic syndrome (30%).
— Mixed nephrotic syndrome combined with microhe-
maturia.
— Arterial hypertension (50%).
— Acute renal failure (25-50%).
— Steroid-resistant course (80%) [4, 5].
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The paper describes the postoperative period in
a child who underwent kidney transplantation with
relapsed FSGS, and the treatment method.

CLINICAL OBSERVATION
Recipient and donor baseline data

Clinical manifestations of renal failure (mixed ne-
phrotic syndrome with arterial hypertension and mac-
rohematuria) first appeared in the patient when he was
3 years old. He received prednisolone therapy for a long
time with no significant clinical and laboratory response;
a steroid-resistant clinical phenotype of chronic glome-
rulonephritis was found.

In June 2009, nephrobiopsy was performed, the bio-
psy result was uninformative, FSGS was not excluded. In
November 2011, cyclosporine A therapy was started with
temporary decrease in proteinuria levels, repeated series
of methylprednisolone pulse therapy were performed.
Mycophenolic acid preparations have been prescribed
since June 2014. Complete clinical and laboratory re-
mission was not achieved.

Renal failure gradually progressed. The last relap-
se was in June 2016 — complete mixed nephrotic syn-
drome (anasarca +8 kg), arterial hypertension up to
160/120 mm Hg.

Since July 2016, renal replacement therapy in the
form of prolonged venovenous hemodiafiltration with
further transfer of the patient to intermittent hemodialy-
sis was started under emergency indications. A Tenckhoff
catheter was implanted, but two weeks later the patient
was transferred to peritoneal dialysis with a 4 exchange/
day regime without any features. Ultrafiltration was un-
stable, ranging from 100 to 1400 mL. Since November
2017, the patient has been transferred to Baxter s peri-
toneal dialysis.

In May 2018, due to progression of secondary hyper-
parathyroidism, subtotal parathyroidectomy was per-
formed. In December 2018, May 2019 and November
2019, episodes of dialysis peritonitis and anuria were
observed for two years.

The donor was a woman (recipient’s mother), 39 ye-
ars old, blood group compatible (0(I) Rh+). She was
overweight (BMI 29.4 kg/m’). CKD-EPI glomerular
filtration rate was 91 mL/min. She underwent a full
examination as a potential kidney donor — no medical
contraindications to donation were identified.

Transplantation and early postoperative
period

In August 2020, the 15-year-old patient (blood group
0(l) Rh+, baseline height 148 cm, weight 36.1 kg) un-
derwent a living-related left kidney transplantation to
the right iliac region with graft ureteral stenting; graft
function was immediate. Methylprednisolone 400 mg,
basiliximab 20 mg were used as intravenous induction
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therapy. The initial maintenance immunosuppressive
therapy included methylprednisolone 16 mg/day, tac-
rolimus 6 mg/day, and mycophenolic acid 720 mg/day.

Immediately after transplantation, RAR function was
satisfactory during the first two days. diuresis was ade-
quate for water load, serum creatinine was 131 umol/L,
and urea was 11.6 mmol/L. According to ultrasound fin-
dings, RAR volume was 102 cm’, vascular resistance
indices in the main, segmental, and arch arteries of RAR
were within 0.6-0.7.

On the third day after operation, creatinine level
increased to 142 umol/L and urea to 13.6 mmol/L in
the blood serum, diuresis rate decreased. Biopsy was
impossible due to pronounced hypocoagulation, against
the background of anticoagulant therapy as part of the
postoperative heparin protocol. In order to prevent acute
cellular rejection, a course of pulse therapy (methyl-
prednisolone 500 mg intravenously) for three days, and
immunoglobulin antithymocyte 500 mg for two days was
conducted. The therapy had no effect.

Diagnosis and treatment of recurrent FSGS

On day 7 following kidney transplantation, daily uri-
ne output decreased to 500 mL, arterial hypertension ap-
peared with blood pressure elevations to 160/90 mmHg.
According to laboratory tests, serum creatinine was
294 umol/L, urea was 20.1 mmol/L, total protein was
52.7 g/L, albumin was 32.5 g/L, and urine protein was
19.2 g/L. According to ultrasound findings, RAR volume
increased to 170 cm’, vascular resistance indices were
within 0.8—0.85. Taking into account the findings of the
examination, a recurrence of the underlying disease can-
not be ruled out. RAR punch biopsy findings revealed
moderate acute tubular necrosis, microcirculatory dis-
orders characteristic of calcineurin inhibitor toxicity,
and antibody-mediated rejection 0 (AMR 0). Results of
immunological examination for glomerulonephritis in
systemic vasculitis, systemic lupus erythematosus, and
antiphospholipid syndrome were negative.

Based on the history (acute glomerulonephritis at
the age of 3.5 years with clinical phenotype — steroid-
resistant nephrotic syndrome with arterial hypertension
and erythrocyturia), clinical signs (edema syndrome,
arterial hypertension), laboratory results (increase in
creatinine and urea levels, decrease in albumin and total
protein, massive proteinuria) and imaging (deterioration
in intrarenal blood flow and increase in graft size) inves-
tigation methods, “RAR dysfunction, recurrent FSGS”
was diagnosed.

Due to increasing hyperhydration and rise in serum
creatinine and urea levels, hemodialysis sessions were
initiated, antithymocyte immunoglobulin therapy was
cancelled on day 9 after transplantation, therapeutic
plasma exchange (TPE) sessions were initiated, human
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immunoglobulin was injected in the days between plasma
exchange procedures.

On day 18 after transplantation, immunosuppressi-
ve therapy was converted — tacrolimus was withdrawn,
cyclosporine A was initiated at 5 mg/kg/day dose, then
rituximab 500 mg was introduced, tablet corticosteroid
therapy with prednisolone 60 mg/m’/day was started.
Two days later, pulse therapy with methylprednisolone
500 mg daily for 5 days was initiated.

Against the background of this therapy, there was
gradual recovery of diuresis (to 150 mL by September 9),
reduction of interdialysis day azotemia (serum creatinine
level decreased from 718 umol/L to 607 umol/L, urea
from 32.8 mmol/L to 27.2 mmol/L), and improvement in
general well-being.

On day 22 after transplantation, a repeated graft
punch biopsy was performed (due to an increase in the
volume of the renal graft and an increase in the resis-
tance index according to ultrasound). No data on cellular
and antibody-mediated rejection were obtained. Elect-
ron microscopy of the biopsy specimen was performed —

the picture is most consistent with nephropathy of mi-
nimal changes in the form of podocyte small process
disease, focal-segmental glomerulosclerosis/hyalinosis
cannot be ruled out (not detected in the material).

On day 27, diuresis was restored (more than 1 liter
perday). On day 28 after transplantation, the final hemo-
dialysis session was performed (7 sessions in total), after
which there was an increase in serum creatinine and
urea levels for two days, then a decrease. The average
volume of treated plasma per procedure was 0.98 (0.88 to
1.11) of circulating plasma. Fresh frozen plasma (FFP)
of identical blood group was used as replacement fluid.

Parameters of TPE procedures performed on the pa-
tient are shown in Table.

In addition, the level of proteinuria in the single
portion of urine decreased to 1.8 g/L. The dynamics of
laboratory indicators are shown in Fig. 1.

On day 31 after kidney transplantation, the recipient
completed a TPE course. In order to induce remission,
500 mg of rituximab was administered again.

Table
Therapeutic plasma exchange parameters
Procedure No. 1 2 3 4 5 6 7 8 9 10
Days after kidney transplantation, days 9 11 15 17 18 22 25 29 31 33
Patient weight, kg 35 39 40 40 40 39.2 | 39.6 40 39.7 | 39.8
Circulating blood, mL 2450 | 2730 | 2800 | 2800 | 2800 | 2744 | 2772 | 2800 | 2779 | 2786
Circulating plasma, mL 1788 | 2102 | 2066 | 2066 | 2066 | 2058 | 2079 | 2100 | 2084 [2089.5
FFP for replacement, mL 1380 | 1710 | 1800 | 1770 | 1770 | 1700 | 1920 | 1920 | 2050 | 2020
NaCl 0.9% for replacement, mL 200 50 0 0 0 100 0 0 0 0
Albumin 10% for replacement, mL 200 200 200 200 200 200 200 200 0 200
Processed plasma, L 1.57 | 1.85 2 1.97 2 2 2.02 | 2.11 | 231 | 2.22
Processed plasma, circulating plasma 0.88 | 0.88 | 097 | 095 | 097 | 097 | 097 | 1.00 | 1.11 1.06
Maximum pump rate, mL/min 65 65 55 65 65 70 65 70 70 70
Heparin during the procedure, units 1750 | 1750 | 2250 | 2000 | 1750 | 1250 | 2250 | 2250 | 2250 | 2250
umol/ L mmol/L
900
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Fig. 1. Kidney recipient laboratory parameters
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Thus, against the background of the therapy (10 TPE
procedures, the second administration of rituximab,
prednisolone 60 mg/m’/24 hours, cyclosporine A
5-8 mg/kg/day), a pronounced positive trend was noted.

Long-term postoperative period

On day 42 after transplantation, inpatient treatment
was completed: diuresis was adequate to water load,
serum creatinine was 196 umol/L, urea was 29.6 mmol/L
(decrease over time), proteinuria was 0.39 g/L, vascular
resistance indices were within 0.75—0.8 (according to
ultrasound results).

During outpatient follow-up, further improvement
in the child’s general condition, and normalization of
clinical and laboratory parameters, were observed.
At follow-up examination 3 months after dischar-
ge, serum creatinine level was 130 umol/L, urea was
15.7 mmol/L, daily proteinuria was 0.373 g, vascular
resistance indices were within 0.6-0.7.

DISCUSSION

The presented clinical case raises a number of ques-
tions concerning the diagnosis and treatment of diseases
with a high recurrence rate.

The main problem in diagnosing FSGS in a kidney
recipient was the inability to establish the initial cause of
renal failure. A biopsy was performed at the first manifes-
tation of the disease (at the age of 4 years), but electron
microscopy was not performed; therefore, biopsy results
were not fully informative. A biopsy performed at a more
mature age (e.g., before transplantation at age 15) may
not be informative due to the age of the lesion.

Prior to kidney transplantation, the patient underwent
genetic examination to rule out genetically determined
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FSGS. A panel of seven permeability factors (CD40,
PTPRO, CGBS, FAS, P2RY 11, SNRPB2, and APOL2)
could predict posttransplant FSGS recurrence with 92%
accuracy [6], but our study was negative.

The non-specificity of the clinical picture of RAR
dysfunction in the early postoperative period, as well as
the lack of necessary anamnestic data resulted in delayed
diagnosis and delayed (7 days after transplantation) per-
formance of punch biopsy of the RAR. The fragment ob-
tained during punch biopsy also lacked specific markers
characteristic of FSGS. However, absence of histological
signs of injury during the first week after transplantation
is characteristic of podocytopathies.

Thus, the following clinical findings were established
on day 7 after transplantation:

Arterial hypertension (150/100 mmHg) against the
background of a 4-component antihypertensive
therapy;

increase in peripheral edema, increase in the patient’s
body weight;

laboratory-confirmed RAR dysfunction (creatinine
up to 550 umol/L and urea up to 27 mmol/L);
massive proteinuria (up to 20 g/L);

erythrocyturia (with microscopy, erythrocytes occupy
the entire field of view);

hypoproteinemia (total protein level 52.7 g/L) and
hypoalbuminemia (albumin level 32.5 g/L) against
the background of continuous albumin infusion (up
to 20 g per day);

deterioration of intrarenal blood flow according to
ultrasound.

This clinical picture is characteristic of mixed neph-
rotic syndrome. Given that corticosteroid therapy had no
effect, and there were no significant changes according

mmol/L
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Fig. 2. Main components of treatment: HD — hemodialysis session, MP — methylprednisolone pulses 500 mg intravenously,
RTX — rituximab 500 mg intravenously, PF — plasmapheresis sessions
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to RAR biopsy data, the patient was diagnosed as having
recurrent FSGS.

Currently, plasmapheresis and rituximab are the main
methods for treating recurrent FSGS in world practice
[7-9]. The main components of the therapy are shown
in Fig. 2.

The volume and regimens of plasmapheresis proce-
dures, as well as the type of procedure, are not defined
and vary depending at the hospital where the patient is
being treated.

We chose TPE because of patient safety and its ef-
fectiveness as an antibody removal method. TPE proce-
dures allow to remove most of the protein structures of
the plasma, while FFP replacement allows to maintain
or compensate for protein and plasma clotting factor
deficiencies.

The use of double cascade filtration (DCF) was aban-
doned because its use in the early postoperative period
leads to massive bleeding due to removal of plasma clot-
ting factors. Besides, protein loss during DCF against the
background of proteinuria, characteristic of FSGS, also
leads to a worsening of the clinical picture.

The FSGS immuno-pathomechanism is associated
with a large number of permeability factors, many of
which have not yet been identified. Due to the inability
to identify the exact substrate that caused the recurrence
of idiopathic FSGS, the use of immunoadsorption was
abandoned.

There is no exact data in the literature on how many
and how much plasmapheresis procedures should be
performed. Given the pathogenesis of the disease, it is
assumed that after removal of circulating antibodies from
the body, there is no need for plasmapheresis procedures.

According to the latest guidelines by the American
Society for Apheresis (ASFA), TPE procedures should
be initiated when symptoms of recurrent FSGS occur
daily or once every 2 days. The recommended volume
of replacement is 1.5 to 2 circulating plasma volume
(CPV) [8]. Rudnicki M. reports that the best results were
obtained in patients who received 3—4 TPE procedures
per week TPE, with 1-2 CPV volume before the onset of
remission. The total number of treatments ranged from
8to 12 [9].

Interest in rituximab as a potential drug for the treat-
ment of nephrotic syndrome followed the observation
of a dramatic reduction in proteinuria in children with
nephrotic syndrome treated with rituximab for idiopa-
thic thrombocytopenic purpura [ 10] and post-transplant
lymphoproliferative disorder.

Over the past 10 years, the use of rituximab in re-
current FSGS has expanded considerably due to good
outcomes [11, 12].

In addition, since rituximab selectively suppresses B-
lymphocytes, it has a direct protective effect on podocy-
tes. Rituximab is able to protect acid sphingomyelinase-
like phosphodiesterase 3b (SMPDL3b) as well as acid
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sphingomyelinase (aSMase) by binding to the SMPDL3b
protein at podocyte lipid bridges, which can be a target
for FSGS permeability factor and which is identifiable
by rituximab [13, 14]. Rituximab in combination with
TPE appears to be more effective than reported by cli-
nical cases [15, 16].

Cyclosporin A was chosen as a drug for supportive
immunosuppressive therapy based on its features con-
tributing to stabilization of the actin cytoskeleton in
podocytes [17].

The chosen treatment tactics for the kidney recipient
with FSGS made it possible to achieve remission within
18 days, restoring graft function.

CONCLUSION

Recurrent idiopathic FSGS in renal allograft recipi-
ents is a complex clinical problem due to the objective
difficulty of diagnosis and the lack of a single standard
of treatment. As part of differential diagnosis, data on
the original disease of native kidneys as well as results
of electron microscopy of the RAR biopsy are of key
importance.

The presented clinical case of successful use of TPE
in combination with rituximab and basic immunosup-
pressive therapy to treat recurrent FSGS in a child after
kidney transplantation demonstrates the safety and ef-
ficacy of the developed method. The proven treatment
regimen for recurrent FSGS can be recommended for
application in clinical practice.

The authors declare no conflict of interest.
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Deep wound infection of the anterior chest wall tissues in patients after transsternal cardiac surgery despite intensive
developments in surgical techniques and improvement of antibacterial chemotherapy, remains a genuine concern
worldwide [1]. The incidence of this complication in the general population ranges from 0.5 to 4% [2, 3]. Despite
developed approaches in the treatment of cardiac surgery patients, the treatment of deep sternal wound infection
and surrounding tissues following a heart transplantation still remains a rather serious and pressing challenge. This
paper presents a clinical observation of a heart transplant recipient, complicated by deep postoperative wound
infection. The strategy of staged surgical treatment of sternal osteomyelitis consisted of surgical wound debri-
dement, local wound debridement with vacuum dressings, and reconstructive surgery at the final stage (sternal
reosteosynthesis, plasty of the anterior chest wall wound with displaced skin and fascial flaps).

Keywords: heart transplantation, wound infection, sternum, mediastinitis, immunosuppressive therapy,

anterior chest wall wound plasty, reosteosynthesis.

INTRODUCTION

Deep wound suppuration in the anterior chest wall
after sternotomy as a complication after heart surgery
has remained a pressing problem for many decades, es-
pecially in the group of heart recipients for whom immu-
nosuppressive therapy is an integral part of the treatment
process [1].

Preoperative risk factors include gender, age, bad
habits (smoking, alcohol, and drug addiction), diabetes
mellitus, and a history of chronic diseases [5]. Intraope-
rative risks are caused by the urgency of the surgery,
sternotomy errors, wound edge retraction techniques,
incorrect sternal osteosynthesis, use of soft tissue reduc-
tion method, and repeated surgical access (resternoto-
my, cardiolysis) [11]. The most important intraoperative
risk factors for deep wound infection are the volume of
blood loss, cardiopulmonary bypass duration, compres-
sion (ischemia) in the surgical wound area, traumatic
sternal hemostasis technique, use of wax and an electro-
coagulator in the spongy sternum area [6]. Postoperative
risk factors include sternal instability, sternal ischemia,
sternal suture eruption, resternotomy, prolonged mecha-
nical ventilation, cardiac massage, low cardiac output,

respiratory distress syndrome, immunosuppression, and
decompensation of chronic diseases [12].

The pathogenesis of this complication encompasses
a wide range of pathological processes, as well as many
perioperative risk factors. Wound infection is characte-
rized by translocation and contamination by pathological
microorganisms of wound edges and walls, including
the dermis and subcutaneous adipose tissue, with the
development of local inflammation, as well as purulent
discharge. Deep postoperative wound infection is a se-
rious complication involving various areas of the sub-
cutaneous adipose tissue, fascia, sternum, ribs, and soft
tissues of the retrosternal space [2].

The pathological flora found in the wound discharge
cultures is mainly represented by St. aureus, St. epider-
midis and gram-negative bacteria [3, 4]. High virulence
and resistance of hospital microbial strains to antibacte-
rial chemotherapy pose serious challenges in the selec-
tion of etiotropic and pathogenetic therapy, and prolong
hospitalization time and treatment cost [ 7], which creates
a “vicious circle” for the patient and the attending phy-
sician. Deep wound infection after heart transplantation
increases mortality by up to 32% [8, 9].
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Currently, there are various surgical methods for re-
placing anterior chest wall tissue defect forming after
surgical treatment of a purulent-necrotic focus. However,
they all come with certain risks. For example, plasty with
the greater omental flap is associated with high traumatic
effect, the risk of developing necrosis, peritonitis, as well
as the development of thoraco-abdominal hernia [11].
Myoplasty with the pectoralis major flaps is associated
with high trauma and development of necrosis, and the
operation is often followed by severe pain syndrome and
impaired motor function [12].

One of the most effective and credible ways to treat
postoperative osteomyelitis of the sternum and ribs was
the staged surgical treatment strategy developed by V.A.
Mitish et al. [13, 14, 15]. The reconstructive stage con-
sists in the use of local tissues to replace the anterior
chest wall defect formed after surgical treatment. At the
same time, local tissues are mobilized in the form of
skin-fascial or skin-muscle formations, which are sub-
sequently displaced into the defect. This strategy was
the basis for successful treatment in patients after heart
transplantation complicated by deep wound infection
that required surgical treatment.

CASE STUDY

Patient Y., 59 years old, with complaints of short-
ness of breath with little physical exertion, swelling of
the legs and abdomen, general weakness, right thoracic
pain, was hospitalized in November 2019 at Shumakov
National Medical Research Center of Transplantology
and Artificial Organs in Moscow for examination to as-
certain possibility of being a potential heart recipient.
Medical history shows that the patient had repeated pa-
roxysmal atrial fibrillation in 2002, 2003 and 2006. In
December 2018, examination against the background of
complaints of acute chest pain revealed extensive trans-
mural myocardial infarction. As a result, thrombolysis
was performed. In July 2019, his EchoCG showed a
severe left ventricular aneurysm, and severe pulmonary
hypertension. At the same time, coronary angiography
was performed: the anterior interventricular branch of
the left coronary artery was occluded in the proximal
segment, the distal bed was contrasted retrogradely from
the circumflex artery.

Upon admission to the cardiology department in
October 2019, the patient’s condition was assessed as
moderate. There were manifestations of chronic heart
failure (NYHA class I11); right-sided hydrothorax, asci-
tes, hypostatic pneumonia, and chronic kidney disease
were noted. According to echocardiographic studies,
the ejection fraction was 15%, and the final diastolic
volume was 205 mL. Because it was impossible to per-
form reconstructive surgical treatment on the patient’s
heart and conservative therapy would be futile, it was
decided to perform heart transplantation as the only
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possible treatment method. The patient was put on the
heart transplant waiting list on November 18, 2019.

Against the background of antibacterial, massive
diuretic, inotropic therapy, and puncture of the pleural
cavities, the patients condition improved. The severi-
ty of shortness of breath decreased, edema and ascites
regressed, and the volume of fluid in the pleural cavi-
ties decreased. Chest CT showed gradual resolution of
pneumonia.

On December 02, 2019, the patient underwent or-
thotopic heart transplantation. The early postoperative
period proceeded against the background of myocardi-
al insufficiency (requiring inotropic support) and renal
failure, for which renal replacement therapy sessions
were performed.

In the cardiac surgery department after transfer from
the intensive care unit, the patient s condition remained
hemodynamically stable. Examinations showed a satis-
factory graft function. Coronary angiography revealed
no hemodynamically significant lesions of the graft coro-
nary arteries. Endomyocardial biopsy revealed no acute
cellular and antibody-mediated rejection. There was no
fever throughout the postoperative period. However, the
patient still had renal insufficiency, which required re-
peated renal replacement therapy sessions, as well as a
tendency to fluid accumulation in the pericardial cavity
with signs of right heart compression. As a result, open
drainage of the pericardial cavity from subxiphoidal
access was performed on December 16, 2019.

On December 22, 2019, the patient was diagnosed
with 5 cm of skin and soft tissue diastasis in the middle
third of the postoperative suture. Immediate reduction of
immunosuppressive therapy was performed - Mycophe-
nolate mofetil was canceled and the antibiotic therapy
was adjusted. Within seven days, no positive dynamics
was observed. The wound increased in size both in width
and length, and purulent discharge appeared. Computed
tomography revealed sternum diastasis with osteoma-
lacia at the body level, the xiphoid process and spread
of the wound channel into the retrosternal tissue. Post-
operative wound suppuration with sternal lesions was
diagnosed. Therefore, there was a decision to surgically
treat the purulent wound of the anterior chest.

In the operating room on December 30, 2019, the
patient underwent wound revision. The wound cavity
contained a cloudy purulent discharge, which also came
from the retrosternal space. Sternal suture failure and
signs of marginal necrosis and destruction of the sternal
halves were diagnosed (Fig. 1). The sutures seams were
removed. When the sternal halves were diluted, purulent
mediastinitis was diagnosed (Fig. 2). Marginal resection
of the affected areas of the body and the sternum handle
was performed. The altered soft tissue areas were ex-
cised. The wound was treated with hydrogen peroxide
solution and iodopyron. The operation was completed
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by applying a vacuum dressing with pulsating vacuum
aspiration (Fig. 3).

In the postoperative period, a culture of Pantoea ag-
glomerans, Acinetobacter baumanni, sensitive to polycy-
clic antibiotics, such as Polymxin B and Colistin, were
taken from the wound. Also, Staphylococcus epidermitis,
sensitive only to Linezolid, Vancomycin and Moxifloxa-
cin, was repeatedly found in the cultures from the wound
discharge. Antibiotic therapy was adjusted in accordance

with the obtained sensitivity of the isolated microorga-
nisms during the entire period of local wound treatment.

Local treatment with NPWT (Negative pressure
wound treatment) systems was carried out for 6 weeks.

Scheduled replacement of the vacuum aspiration sys-
tem was performed in the operating room, during which
we performed stage surgical treatment of soft tissue and
sternum wounds, sanitation with an antiseptic soluti-
on for 10 minutes. Despite the ongoing treatment, the

Fig. 1. View of the postoperative anterior chest wall wound
before surgical treatment

Fig. 2. View of the wound after removal of wire sutures and
separation of sternal halves

Fig. 3. Completion of surgical wound debridement by imposing a negative pressure wound therapy system
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healing process of the postoperative wound had sluggish
positive dynamics, the wound walls and bottom were par-
tially filled with edematous granulation tissue, the foci
of secondary necrosis appeared in some places (Fig. 4).
The patient continued to remain asthenic, have anemia
of mixed genesis, chronic kidney disease requiring renal
replacement therapy. In the postoperative period, right-
sided polysegmental pneumonia joined, which required
short-term follow-up in the intensive care unit. All this

Fig. 4. Wound condition on day 45 after local treatment with
NPWT

significantly complicated the course of the wound pro-
cess and prolonged the hospitalization period.

By the end of the second month after surgical treat-
ment of the wound, the patient’s general condition im-
proved, and positive dynamics of the wound process and
its transition to a regeneration phase were noted. The
condition of the sternum is shown in Fig. 5.

After three times obtaining sterile cultures from the
wound, it was decided to perform the second (reconstruc-
tive) stage of surgical treatment - sternal reosteosynthe-
sis and replacement of the soft tissue wound defect in the
anterior chest wall with displaced fasciocutaneous flap.

On March 30, 2020, under endotracheal anesthesia,
the edges of the soft tissue and sternum wound were
acutely treated in the operating room, and granulation
areas were removed (Fig. 6). Both sternal halves were
mobilized with opening of the pleural cavities (Fig. 7).
The anterior mediastinum and pleural cavities were drai-
ned with silicone tubes. The sternum edges were brought
together and juxtaposed. Sternal rheosteosynthesis was
performed according to Robiscek, as well as 8 single
oblique-transverse wire sutures (Fig. 8). Satisfactory
frame function of the thorax was restored (Fig. 9). The
size of the wound defect in the anterior chest wall soft
tissue was 17 cm by 5 cm. Closing the wound by simply
bringing the edges of the wound together was not pos-
sible. Therefore, it was decided to replace the wound
defect with local tissues through extensive mobilization
of the wound edges in the form of fasciocutaneous flaps.

In a blunt and sharp way, the integumentary tissues
were separated from the sternum, the pectoralis major
muscles and from the ribs in the lower part of the wound
to a 10—12 cm width (Fig. 10).

Fig. 5. Sternal diastasis at the manubrium level and with a
bone defect at the body level. 3D reconstruction of CT scan

Fig. 6. Reconstructive surgery phase. Wound edges were ex-
cised. Granulation areas were removed, sternal edges were
freshened
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Using deep U-shaped sutures (in two rows on both
sides), the mobilized wound edges were displaced toward
the wound defect until they were completely juxtaposed
(Fig. 11).

Thanks to the U-shaped tension and stay sutures, the
wound edges matched without tension (Fig. 12). The
subcutaneous adipose tissue was sutured with single
absorbable nodular sutures. The wound edges were su-
tured with U-shaped skin sutures.

The postoperative period was uneventful. Ischemia,
signs of inflammation and significant edema of the dis-
placed integumentary tissues were not observed. The
wound healed by primary intention. Antibacterial the-
rapy with Moxifloxacin 400 mg once a day was carried
out. According to multispiral chest CT scan on April
20, 2020, slight eruption of the first wire suture in the
sternum handle area and 7 mm sternum handle diastasis

Fig. 7. The retrosternal space of both parts of the sternum was
separated from adhesions by blunt and by sharp dissection

were noted, which, however, did not affect sternal sta-
bility (Fig. 9). On day 14 after reconstructive surgery,
the outer rows of U-shaped tension sutures on both sides
were removed. After a significant decrease in the dischar-
ge along the drains on day 5, drains were removed from

Fig. 8. Sternal reosteosynthesis with eight single transverse
and one single longitudinal Robicsek wire sutures

Fig. 9. Sternal reosteosynthesis by Robicsek technique: a) along the front and b) along the inner surfaces of the sternum. 3D
reconstruction of CT scan
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Fig. 10. Mobilization of wound edge as a fasciocutaneous
flap using electrocoagulation

the anterior mediastinum and pleural cavities, and on
day 18 after surgery, the inner rows of tension sutures
and skin sutures were removed (Fig. 13).

The patient was discharged on day 115 of hospitali-
zation in a satisfactory condition, with no complaints,
and with the wound completely healed under outpatient
observation by a cardiologist and a surgeon.

CONCLUSION

Surgical complications in the form of deep wound
infection after median sternotomy can lead to major
consequences for patients, including death. The risks of
adverse outcomes are particularly high in patients with a
high degree of cardiac cachexia, which are mostly reci-
pients awaiting heart transplantation. In the first months
after transplantation, immunosuppressive therapy is the

Fig. 12. Replacement of wound defect with local tissues
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most aggressive, which greatly reduces the body’s im-
mune response and reparative capacity. In such a situa-
tion, the success of treatment of severe infected wounds
threatening the development of generalized infection
largely depends on the experience and capabilities of a
large team of different specialists. The use of standard
methods of treating deep sternal wound infection used
in thoracic practice cannot be a universal method for this
cohort of patients.

Fig. 11. Displacement of the mobilized full-thickness inte-
gumentary tissues of the anterior chest wall into the wound
defect using deep U-shaped (flat-topped) sutures

Fig. 13. View of the anterior chest wall on day 18 after recon-
structive surgery. Wound healing by primary intention
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The combined approach to surgical treatment of deep
sternal wound infection in a heart recipient developed by
us, combining such methods as surgical treatment of a
purulent-necrotic focus, use of vacuum aspiration with
scheduled dressings and replacements of the vacuum
aspiration system, transition to “open” management of
postoperative wound without vacuum aspiration, with
daily dressings, selection of antibiotic therapy based on
the obtained cultures, transition to single-component
immunosuppression and reduction of serum tacrolimus
levels to minimal therapeutic values, staged approach to
surgical treatment (serial debridement of the postoperati-
ve wound and use of a vacuum aspiration system in the
first stage and with subsequent osteosynthesis and soft
tissue plasty of the anterior chest wall with displaced
fasciocutaneous flaps), allows to successfully handle
deep sternal wound infection in heart recipients under
immunosuppression.

The authors declare no conflict of interest.
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NON-ALCOHOLIC WERNICKE'S ENCEPHALOPATHY
IN A KIDNEY TRANSPLANT RECIPIENT

R.O. Kantariya, O.N. Vetchinnikova, A.V. Vatazin, L.A. Sherman
Vladimirsky Moscow Regional Research Clinical Institute, Moscow, Russian Federation

Background. Non-alcoholic Wernicke’s encephalopathy occurs in various somatic conditions with thiamine
deficiency, excessive excretion of thiamine, or impaired thiamine metabolism. Very few cases of this pathology
have been described in chronic kidney disease (CKD). We present a unique case of non-alcoholic Wernicke’s
encephalopathy in a patient with a kidney transplant is presented. Past medical history. The patient underwent
kidney transplantation in 2008. Outpatient follow-up by a nephrologist was irregular. Renal graft function remained
relatively stable: blood creatinine 200-240 pmol/L, estimated glomerular filtration rate 40—30 mL/min, tacrolimus
plasma concentrations tended to increase (5.7-7.6-8.4-10.4 ng/mL); repeated graft biopsy (in 2015 and in 2017)
determined the chronic toxicity of calcineurin inhibitors. The patient’s condition worsened in late January 2020:
body temperature increased to 38°C, nausea, vomiting, loose, watery stools for up to 5 times per day, 8 kg weight
loss, decreased diuresis. A few days later, double vision, shaky gait and then immobility appeared. Biochemical
examination results: potassium 3.8 mmol/L, sodium 139 mmol/L, alpha-amylase 159 units/L (norm 0—100 units/L),
creatinine 242 mmol/L, urea 13.2 mmol/L; ultrasound signs of pancreatitis. Magnetic resonance imaging (MRI)
of the brain: bilateral diffuse lesions of the midbrain, thalamus, and cerebellum. Based on the clinical picture
and on brain MRI results, Wernicke’s encephalopathy was diagnosed. Parenteral administration of thiamine had
a good effect. Conclusion. Possible mechanisms of the development of Wernicke’s encephalopathy in a patient
were discussed. Vigilance is required regarding this disease when metabolic disorders occur in patients with CKD.

Keywords: Wernickes encephalopathy, kidney transplantation, pancreatitis, thiamine.

Wernicke’s encephalopathy is a rare severe degenera-
tive brain damage first described by German psychiatrist
Carl Wernicke in 1881 as acute superior haemorrhagic
polio-encephalitis in two men suffering from alcoho-
lism and a woman with pyloric stenosis [1]. Thiamine
(vitamin B1) deficiency underlies the disease, but this
association became known much later than the first ob-
servations described by C. Wernick in the middle of the
last century [2]. Thiamine is a water-soluble vitamin
that is not synthesized in the body; its daily require-
ment depends on carbohydrate intake — 1-2 mg for a
healthy person. Total thiamine reserves in the body are
relatively small — 30—50 mg — and are completely deple-
ted after 4—6 weeks in the absence of thiamine intake.
Thiamine is required by cell membranes to maintain
osmotic gradient, and is involved in glucose metabolism
and neurotransmitter synthesis. Vitamin deficiency can
be twofold: exogenous (due to insufficient intake from
food) and endogenous (due to impaired absorption of
the vitamin in the gastrointestinal tract or its increased
excretion). Another possible mechanism for the onset of
Wernicke’s encephalopathy is the inhibition of thiamine
conversion into thiamine pyrophosphate — the active
part of alpha-ketoglutarate dehydrogenase, pyruvate de-
hydrogenase and transketolase — enzymes that ensure
normal metabolism of nervous tissue. Therefore, in case

of thiamine reduction in the body, the most pronounced
changes occur in the brain, where the activity of oxi-
dative metabolism is very high: lack of energy leads to
reduced glucose utilization by neurons and damage in
their mitochondria [2].

The exact prevalence of the disease is unknown; diag-
nosis is often established only at autopsy. In general, the
incidence of Wernicke’s encephalopathy is estimated at
0.4-2.8%, with a lower incidence of 0.04—0.13% for that
of non-alcoholic origin [3]. The most common cause of
Wernicke’s encephalopathy is alcoholism. Non-alcoholic
Wernicke encephalopathy occurs in many clinical situ-
ations, most often associated with malnutrition or acute
metabolic stress. In particular, thiamine deficiency can
be experienced by patients suffering from cancer, sep-
sis, those undergoing surgical procedures, etc. [3, 4].
Despite the indicated rarity of this condition, only in the
last few years a large number of clinical observations
of Wernicke’s encephalopathy in patients not abusing
alcohol have been described: with gastrointestinal disor-
ders of various origins (surgery, cancer, pregnancy, etc.),
fasting or strict dietary restrictions (strict adherence to
fasting), malnutrition, anorexia nervosa, brain injury,
encephalitis with lesions of the basal nuclei and temporal
lobes, and carbon monoxide poisoning [5—13]. It is of
interest to observe Wernicke’s encephalopathy in patients
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who underwent liver, bone marrow, hematopoietic stem
cell transplantation [ 14—16]. At the same time, according
to PubMed search engine results, Wernicke’s encepha-
lopathy is rarely described in chronic kidney disease
(CKD), although this disease is characterized by a wide
variety of metabolic disorders. We have encountered
only a small series of observations in patients receiving
dialysis therapy [17-21]. We present a unique case of
non-alcoholic Wernicke encephalopathy, which deve-
loped against the background of metabolic disorders in
a patient with a kidney transplant. This is the first report
of its kind; we have not found any such description in
any other available published report.

Patient N., born in 1988, from a distant Moscow su-
burb, has been observed at the kidney transplantation
ward of Viadimirsky Moscow Regional Research Clinical
Institute in Moscow since 2007. The patient considers
himself 'sick since 2006, when his blood pressure incre-
ased to 250/160 mm Hg and he developed peripheral
edema (lower extremities). Examination revealed incre-
ased blood creatinine levels to 300 umolL/l (estimated
glomerular filtration rate (eGFR) 25 mL/min). Chronic
glomerulonephritis was diagnosed (without histological
confirmation), stage 4 CKD, nephroprotective and sym-
ptomatic therapy was administered. In August 2007, due
to the development of end-stage chronic renal failure,
long-term hemodialysis therapy was initiated. A year
later (November 6, 2008), cadaveric kidney transplan-
tation was performed, immunosuppressive therapy was
conducted according to the standard protocol: basili-
ximab 40 mg, metipred 1000 mg, prednisolone 30 mg/
day, tacrolimus at 0.2 mg/kg/day starting dose until the
target concentration was reached and mycophenolic acid
1440 mg/day. Graft function was delayed; 3 hemodia-
lysis sessions were performed. Diuresis was restored
in a week with a gradual decrease in azotemia levels
(Table 1). Ultrasound examination of the kidney trans-
plant was unremarkable. The patient was discharged a
month later in a satisfactory condition, with stable graft
Sfunction.

The patient was readmitted 1.5 months later due to
deterioration of the condition: loss of appetite, diffuse
abdominal pain, vomiting, persistent diarrhea, low-gra-
de fever. On admission, the patient's condition was mo-
derate, body temperature 37.6 °C, dry skin, and visible
mucous membrane. Respiratory rate was 22/min, with
no peculiarities on lung auscultation. BP 85/55 mm Hg,
pulse 120/min, low-filled. The abdomen was moderately
swollen, painful on palpation in the epigastric region.
There were no acute abdominal symptoms. Renal graft in
the left iliac region, elastic, painless. Diuresis 1000 mL/
day. Complete blood count: hemoglobin 10° g/L, white
blood cells 1.3 % 10°/L, neutrophils 0.5 x 10°/L, platelets
95 x 10°/L. Hematologist’s conclusion: grade 4 neutro-
penia. Blood electrolytes: sodium 137 mmol/L, potassium
3.4 mmol/L, calcium, phosphorus within normal range.
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Total bilirubin, liver enzymes, alkaline phosphatase, glu-
cose, and blood lipids were within the reference values.
Serum amylase level was 257 U/L (normal 0—100), blood
creatinine and urea were respectively 600 umol/L, and
34 mmol/L. Bacteriological examination of stool: Candi-
dapp 10° E. coli 10°, Ps. vulgaris 10° CFU/ml. The test
result for cytomegalovirus, Epstein—Barr virus, hepatitis
was negative. Ultrasound examination of the renal graft
was unremarkable, abdominal organs — signs of acute
pancreatitis. The patient was examined by a gastroente-
rologist with the following diagnosis. acute pancreatitis,
intestinal dysbiosis. In general, the patient s clinical and
laboratory symptoms were consistent with acute pan-
creatitis, acute graft injury, and grade 4 neutropenia.
The therapy administered included intravenous infusion
of saline, antibiotics, including antifungal and antiviral,
a proton pump inhibitor, antispasmodic drugs, and a
prebiotic. Mycophenolic acid was canceled, granulocyte
colony-stimulating factor (filgrastim) was prescribed,
methylprednisolone in a total dose of 1000 mg was ad-
ministered. A few days later, the patient’s condition im-
proved: body temperature returned to normal, vomiting
stopped, stool normalized, abdominal pain regressed,
blood pressure 115/85 mm Hg, daily urine output incre-
asedto 2.5 L, blood creatinine and urea levels decreased
to 330 umol/L and 26 mmol/L, respectively, with a further
decrease, white blood cells 5.0 x 10°/L, platelets 167 %
10°/L. A week later; renal graft biopsy was performed
with the following conclusion: the histological picture

Table 1

Results of laboratory examination of patient N.
in the early postoperative period after kidney

transplantation
Indicator Kidney transplantation, Nov. 6,
2008
Nov. 13, | Nov. 21, | Dec. 2,

2008 2008 2008
Diuresis, mL/day 2000 3600 3400
Creatinine, umol/L 790 390 180
Urea, mmol/L 27 30 20
Hemoglobin, g/L 100 96 101
Bilirubin, pumol/L 4.0 7.8 9.7
AST, units/L 21 12 10
ALT, units/L 40 18 9
Alkaline phosphatase, u/L 60 61 70
Albumin, g/L 43 40 36
Cholesterol, mmol/L 3.1 3.7 33
Uric acid, pmol/L 327 595 443
Glucose, mmol/L 4.0 5.2 4.9
Calcium, mmol/L 2.2 2.1 2.1
Phosphorus, mmol/L 2.8 2.1 1.1
Daily proteinuria, g 2.6 0.87 0.43
Tacrohmu§ serum 72 36 103
concentration, ng/mL
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is consistent with acute tubular necrosis of the donor
organ. A month later, the patient was discharged in sa-
tisfactory condition with normal peripheral blood and
biochemical parameters, with satisfactory graft function
(blood creatinine 180 umol/L, blood urea 9.3 mmol/L).

There was outpatient follow-up at the consultative
and diagnostic center of Viadimirsky Moscow Regional
Research Clinical Institute 1-3 times a year (Table 2).
Tacrolimus dose was adjusted taking into account its
serum concentration, which tended to increase; graft
function remained relatively stable. In the fall of 2014,
the patient independently stopped taking prednisolone,
after which he developed peripheral edema (lower ex-
tremities), his blood pressure increased to 180/110 mm
Hg; During examination, daily proteinuria was 2 g. In
October 2015, a repeated biopsy of the renal graft was
performed with the following conclusion: chronic graft
nephropathy stage 1, chronic calcineurin inhibitor toxi-
city. The patient resumed taking prednisolone, tacrolimus
dose was adjusted, and an angiotensin-converting en-
zyme inhibitor was prescribed. His condition stabilized,
peripheral edema disappeared, blood pressure returned
to normal 125-130/80 mmHg, proteinuria decreased to
1.2 g/day.

InJuly 2017, with increasing proteinuria, a third ne-
phrobiopsy was performed with the following conclu-
sion: chronic calcineurin inhibitor nephrotoxicity with
diffuse global nephrosclerosis, chronic graft nephropa-
thy stage 2.

Sudden deterioration at the end of January of the cur-
rent year: body temperature increased to 38 °C, nausea,
vomiting, loose, watery stools up to 5 times a day, up to
8 kg weight loss, decreased urine output. A few days later,
double vision, shaky gait, then immobility appeared; the
patient was admitted to an infectious diseases clinic at his
place of residence. No evidence of acute infectious patho-
logy was obtained. Complete blood count: hemoglobin
121 g/L, white blood cells 6.6 % 10°/L, platelets 324 x
10°/L; biochemical blood test: potassium 3.8 mmol/L,

sodium 139 mmol/L, liver enzymes within normal values,
creatinine 242 mmol/L, urea 13.2 mmol/L. Ultrasound
examination of the abdominal organs and kidney trans-
plant was unremarkable, except for the pancreas, which
showed ultrasound signs of pancreatitis: the gland was
enlarged, with indistinct contours, increased echogeni-
city and heterogeneous (blurred) structure. An increase
in neurological symptoms was recorded, brain MRI was
performed with the following conclusion: central pontine
myelinolysis. The condition was regarded as a secondary
autoimmune process, methylprednisolone pulse therapy
methylprednisolone in a total dose of 3000 mg was admi-
nistered. Simultaneously, symptomatic, neuroprotective,
antibacterial therapy was administered. However, the
patient’s condition continued to deteriorate: he stopped
swallowing solid food, hyperkinetic disorders appeared.
The patient was transferred to the intensive care unit
of Vladimirsky Moscow Regional Research Clinical
Institute.

On admission, his condition was serious. He was
conscious with a normosthenic physique. Reduced nu-
trition. His skin and mucous membranes were moist,
pale pink. Vesicular breathing, no wheezing, respiratory
rate 17 per minute. Muffled heart sounds, rhythmic. BP
150/80 mm Hg. Heart rate 90 beats/min, satisfactory
filling. Moist tongue, coated with white plaque. Soft ab-
domen, painless on palpation. The liver was not enlar-
ged. Peristalsis was audible. The graft was palpable in
the left iliac region, elastic, and painless. Unassisted
urination. Diuresis 1200 mL/day. Laboratory results are
presented in Table 3.

Neurological status. The patient was conscious, on
a Glasgow Coma Scale score of 15. Productive contact
was difficult due to speech disorders. Speech with gross
dysarthria. Nasal tone of voice (nasolalia). No meninge-
al signs. Correctly oriented, lethargic, apathetic, drowsy.
Obeys simple commands. Emotionally labile, quickly
exhausted. Hearing was not impaired. D = S eye slits,
bilateral partial ptosis. Did not follow the hammerhead.

Table 2

Results of laboratory examination of patient N. at the outpatient follow-up stage

Parameter Date of examination at the Consultative and Diagnostic Center, Vladimirsky
Moscow Regional Research Clinical Institute
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2122|2121 2|8|2]|2]|2]|3<
Diuresis, mL/day 1700 | — | 1800 | 1900 | 1800 | 1800 | 2100 | 2300 | 2200 | — | 1800
Blood creatinine, pmol/L 210 | 220 | 190 | 180 | 240 | 210 | 180 | 206 | 210 | 270 | 240

eGFR, mL/min 38 36 42 44 31 37 43 36 35 26 30
Blood urea, mmol/L 92 | 11.1 | 97 | 105 | 11.6 | 12.1 | 124 | 10.8 | 9.2 | 182 | 17.8
Proteinuria, g/day 1.6 — 0.6 1.2 | 05 1.8 1.2 | 0.6 1.1 - 0.4
Tacrolimus serum concentration, ng/mL 64 | 6.5 84 | 49 | 54 | 6.6 | 7.6 | 85 7.3 7.6 | 6.5
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Rounded pupils, D < §. Photoreactions: direct and con-
comitant, OD = OS = lively. Face was symmetrical,
tongue along the midline. Pharyngeal reflex depressed,
choking when swallowing. Raising the shoulders and
turning the head were not impaired. Motor functions:
amount of active and passive movement was not limited.
Strength of arm muscles D = S = 5 points, legs D =
S = 5 points. Tone in the extremities is physiological.
Tendon and periosteal reflexes: from the hands D = S,
lowered; knee D = S, lowered; Achilles D = S, lowered.
No pathological foot marks. Coordination of movements:
fingers — a nasal test was performed with pronounced
coarse tremor and past-pointing, more on the left. No
sensitive impairments.

A differential diagnosis between central pontine my-
elinolysis and Wernicke's encephalopathy was made.
The absence of hyponatremia and hypoosmolarity in the
patient throughout the disease, as well as the effect of me-
thylprednisolone pulse therapy (3000 mg in total) made
the diagnosis of central pontine myelinolysis and the
autoimmune nature of this condition doubtful. Repeated
brain MRI was performed: no volumetric masses were
detected in the brain substance. In the midbrain, in the
dorsal thalamus, in the superior cerebellar peduncle and
paraventricularly around the fourth ventricle, as well
as in the vermis and the anterior lobe of both cerebellar
hemispheres, almost symmetrically, a pathological MR
signal area — hyperintense MR signal on T2-weighted
images, isointensive — on T1-weighted images, without
volumetric effects on adjacent brain structures — was
visualized. Diffusion-weighted imaging showed diffusi-
on restriction from 2 symmetrically located foci in the
midbrain due to edema. In the white matter of the ce-
rebral hemispheres, multiple different-sized foci of the
altered MR signal with fairly clear contours, up to 8 mm
in maximum dimension, with a tendency for fusion of
2 lateral ventricles in the leuoaraiosis zone were detec-
ted. There was no dislocation of midline structures. All
cerebrospinal fluid (CSF) pathways — basal cisterns,
cerebral ventricles and external subarachnoid space
along the cerebral hemispheres and cerebellum — were
not dilated. The pituitary gland was not enlarged. The
craniovertebral junction is correctly formed, the cere-
bellar tonsils were at the level of the foramen magnum
plane. The paranasal sinuses were airy. The orbits were
without pathological changes. Conclusion: MRI signs
of Wernicke's encephalopathy: bilateral diffuse lesion
of the midbrain, thalamus and cerebellum without volu-
metric effect on adjacent brain structures; focal white
matter lesion is probably a manifestation of metabolic
encephalopathy (Fig.).

Based on clinical symptoms, the presence of oculo-
motor disorders, ataxia, changes in mental status and
characteristic MRI signs of brain injury, as well as gi-
ven the onset of the disease, corresponding to a severe
exacerbation of chronic pancreatitis, the patient was
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Table 3

Results of laboratory examination of patient N.
at the last hospitalization

Indicator At admission At discharge
Content in the blood
Creatinine, umol/L 241 205
eGFR, ml/min 30 37
Urea, mmol/L 23.7 22.3
Tacrolimus, ng/ml 8.6 4.9
Alpha-amylase (norm
O—II)OO U/Iz,) ( 153 69
Hemoglobin, g/L 119 126
Bilirubin, pmol/L 15.1 9.8
AST, units/L 22 17
ALT, units/L 12 12
Alkaline phosphatase, 177 (norm 68 (norm
uw/L 0-258 units/L) | 30-120 units/L)
Albumin, g/L 41 45
Cholesterol, mmol/L 4.0 4.1
Osmolarity, mosmol/L 291 282
Sodium, mmol/L 141 138
Potassium, mmol/L 33 43
Ionized calcium,
mmol/L 1.14 1.17
Phosphorus, mmol/L 1.62 1.2
Procalcitonin, ng/mL 02 _
(norm 0-0.1) '
Diuresis, mL/day 1200 2300
Daily proteinuria, g 1.5 1.1

diagnosed with neurological Wernicke s encephalopathy.
Treatment was prescribed according to the guidelines
of the European Federation of Neurological Societies
[22]: intramuscular thiamine hydrochloride 300 mg/
day (10 days), 200 mg/day (10 days), 100 mg/day for
1 month, then oral benfotiamine 150 mg/day for 1 month,
thioctic acid 600 mg/day, intravenous drip, followed by
a switch to oral administration for 1 month; intramus-
cular pyridoxine hydrochloride 100 mg/day (10 days),
intramuscular cyanocobalamin 1000 mcg/day (10 days).

The patient’s condition improved against the back-
ground of the therapy, he became more active, his vision
began to recover, and his speech improved. To continue
treatment, the patient was transferred to a neurological
hospital at the place of his residence. Six months later, he
was examined at the consultative and diagnostic center
of Viadimirsky Moscow Regional Research Clinical In-
stitute with the following conclusions: satisfactory con-
dition, neurological status without pathological chan-
ges, graft function remained reduced and stable: blood
urea 14.1 mmol/L, blood creatinine 239 mmol/L, eGFR
30 mL/min, daily proteinuria 1.3 g, tacrolimus plasma
concentration 6.6 ng/mlL.
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DISCUSSION

So, our patient was diagnosed with Wernicke’s ence-
phalopathy, a severe brain injury caused by thiamine de-
ficiency, in the long-term (after 11 years) post-transplant
period. It is known that the latter occurs not only with
chronic alcoholism, which our patient does not suffer
from, but also with a number of other somatic diseases.
In this case, the leading risk factor for Wernicke’s ence-
phalopathy was most likely acute exacerbation of chronic
pancreatitis, as indicated by his increased serum amylase
levels and pancreas ultrasound examination findings.
Anorexia, repeated vomiting, and diarrhea caused by
pancreatitis caused insufficient intake, excessive excre-
tion of thiamine and its depletion in the body. There has
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been a reported case of non-alcoholic Wernicke encepha-
lopathy in pancreatitis complicated by severe metabolic
disorders [23]. In turn, the appearance of pancreatitis
and gastroenterological disorders in our patient could
be associated with tacrolimus toxicity. It is reported that
up to 75% of patients taking this calcineurin inhibitor
have some type of gastrointestinal issues [24]. In our
patient, chronic calcineurin inhibitor toxicity had a long
history and was confirmed by repeat renal graft biopsy.
The patient’s low compliance, possibly due to his youth
and/or a far-away place of residence, made his dynamic
examination and follow-up by a nephrologist irregular.
Another mechanism of thiamine deficiency in our patient
can be assumed to be a disorder in its phosphorylation,

Fig. Non-contrast-enhanced magnetic resonance imaging of the brain of patient N.: a, b. T2-weighted (axial) images of the
brain; c, d. diffusely weighted (sagittal) images of the brain. Symmetrical enhancement of the MR signal from the midbrain
and thalamus (shown by arrows)
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which occurs with the participation of magnesium [25,
26]. Decreased serum magnesium levels associated with
inhibition of its tubular reabsorption under the influence
of calcineurin inhibitors is more common in the early
postoperative period but is also possible in the long term
[27]. However, measuring the serum magnesium levels
is not a routine biochemical test and has not been per-
formed in this case.

Wernicke’s encephalopathy in non-alcoholic patients
has mainly complex clinical manifestations and atypical
development of the disease [3, 5, 10, 11]. Our patient
turned out to be an exception in this respect. In him, Wer-
nicke encephalopathy manifested itself by the classical
triad described by the author: oculomotor disorders, ata-
xia, and mental disorders, although this triad occurs in a
third or half of patients [1, 3, 11]. It was the classical cli-
nical symptoms, as well as the absence of hyponatremia
episodes during the course of the disease, that served as
the basis for diagnosis of Wernicke’s encephalopathy and
exclusion of central pontine myelinolysis. The diagnosis
is usually verified by neuroimaging — brain MRI reveals
a symmetrical medial thalamic lesion, which occurred
in the patient we observed [5, 11]. Finally, the rapid re-
sponse to parenteral thiamine administration provided
additional supporting evidence in favor of Wernicke’s
encephalopathy.

If the timeliness of the diagnosis of Wernicke’s ence-
phalopathy is based on clinicians’ awareness, alertness
and familiarity with the predisposing factors and clinical
symptoms of the disease, its prognosis depends on the
earliest possible initiation of pathogenetic therapy, i.e.
adequate thiamine administration. Delaying treatment or
not initiating it at all can lead to Korsakoff’s psychosis or
even death [3, 5]. An important point of this observation
was the correct diagnosis of Wernicke’s encephalopathy
and the immediate administration of thiamine, which led
to a good outcome — complete disappearance of neuro-
logical symptoms in the patient.

CONCLUSION

This clinical case is the first description of Wernicke’s
encephalopathy in a kidney recipient. It indicates the
complexity of diagnosis and the difficulty of differential
diagnosis of this condition with central pontine myeli-
nolysis, as well as the curability of this disease with the
right management tactics. This case highlights the im-
portance of being vigilant for Wernicke’s encephalopathy
in situations involving significant metabolic disorders
that are common in CKD. Timely diagnosis and proper
treatment will improve the prognosis.

The authors declare no conflict of interest.
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RECONSTRUCTIVE PLASTIC SURGERY ON THE URINARY TRACT
OF A KIDNEY TRANSPLANT
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We present a clinical case of urolithiasis. A patient diagnosed with stage 5 chronic kidney disease due to auto-
somal dominant polycystic kidney disease after bilateral nephrectomy underwent kidney transplantation with
ureteral graft stenting. Two months after the operation, a stone was found in the upper third of the ureteral graft,
complicated by necrosis in this area. Reconstructive plastic surgery on the ureter of the transplanted kidney with

removal of the ureteral stone achieved the desired clinical effect.

Keywords: urolithiasis, ureteroureteral anastomosis, kidney transplantation, urology.

INTRODUCTION

The main long-term urological complications after
kidney transplantation include ureteral strictures (3—
12.6%) and development of vesicoureteral reflux into
the renal graft (5-20%) [1-3]. Urolithiasis in kidney
transplantation is a rare urological complication, occur-
ring at a rate of less than 1% [4], often not diagnosed on
time due to renal denervation.

Despite the increasing possibilities of percutaneous
correction of obstructions, there remains a certain cate-
gory of patients requiring open surgical intervention. The
indications for surgery are narrowing of the lumen over a
significant area, complete ureteral obliteration or techni-
cal impossibility of performing percutaneous elimination
of obstructions to urine outflow. In a number of patients,
endoscopic methods and open surgical intervention fail
to restore an adequate urine passage from the graft. Such
patients have to live with nephrostomy drainage, which
can often lead to recurrent pyelonephritis and premature
loss of graft function as well as social maladjustment.

In the post-transplant period with obstructive uropa-
thy, in case of ineffective drainage of the kidney follo-
wed by antegrade/retrograde bougienage and stenting
of the graft ureter, reconstructive surgical interventions
on the urinary tract of the transplanted kidney by open
or laparoscopic methods are used [5—7]. Given the inci-
dence and severity of urological complications in kid-
ney transplant recipients, various methods of prevention
and correction of urological complications are currently
being developed both at the stage of preparing the end-

stage chronic kidney disease patient for surgery and in
the post-transplantation period [8].

RECIPIENT BASELINE DATA

Male patient T., born in 1975 with episodes of incre-
ased blood pressure, was admitted at the clinic in 1991
with urolithiasis, kidney stones. Examination revealed
multiple renal cysts, diagnosed as autosomal dominant
polycystic kidney disease. Later, there were exacerba-
tions of chronic pyelonephritis, gradual increase in renal
insufficiency. In 2002, he was diagnosed with end-stage
chronic kidney disease. Renal replacement therapy with
long-term hemodialysis was initiated.

In August 2019, laparoscopic bilateral nephrectomy
was performed due to recurrent chronic pyelonephritis.
The patient is on the waiting list for a deceased-donor
kidney transplant.

TRANSPLANTATION AND EARLY
POSTOPERATIVE PERIOD

In August 2020, a left kidney transplant was per-
formed from a deceased donor to the right iliac region
with graft ureteral stenting. He received tacrolimus,
everolimus, and methylprednisolone as immunosup-
pressive therapy. Delayed graft function was noted in
the postoperative period. Oliguria persisted for a long
time, the level of azotemia decreased extremely slowly.
Percutaneous needle biopsy of the graft showed that the
causes of graft dysfunction were acute tubular necrosis,
50% nephrosclerosis. On day 23 after transplantation,
the water-excreting function of the graft was restored,
creatinine and urea levels decreased. Eleven hemodialy-
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sis sessions were performed. Graft function was restored
on day 43.

DIAGNOSIS AND TREATMENT

Two months after kidney transplantation, the patient
complained of pain around the kidney graft, decreased
urine output. Ultrasound examination of the kidney graft
showed that the pelvicalyceal system (PCS) was mode-
rately dilated (renal pelvis 20 mm, calyces 5—7 mm).
A hyperechoic mass with clear acoustic shadow was
visualized in the projection of the ureteropelvic junction
(UPJ) and the upper third of the ureter. Contrast-enhan-
ced spiral CT scan was performed, a series of images
visualized a concretion in the UPJ area, extravasati-
on of the contrast agent into the retroperitoneal space
(Fig. 1). As a result of examination, urolithiasis in the

Fig. 1. Intravenous contrast-enhanced spiral CT imaging
(urographic phase)
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transplanted kidney, stone in the upper third of the graft
ureter, necrosis in the graft ureter, and extravasation of
urine were diagnosed.

To restore adequate urodynamics, it was decided that
reconstructive surgery should be performed.

The retroperitoneal space was revised under endo-
tracheal anesthesia. There was slight leakage of a light
yellow liquid (urine), a culture was taken, electrolytes
(potassium 9.5 mmol/L) were analyzed. On revision of
the wound, a 2 cm long graft ureteral defect with a cal-
culus (stone) in it was noted. The stone was removed
(Fig. 2).

The necrotic section of the graft ureter was resected.
It was decided to form an end-to-end uretero-ureteral
anastomosis of the graft ureter. The proximal and dis-
tal ends of the ureter were intubated with ureteral stent
#7CN (Fig. 3). A circular anastomosis was formed using
a 5/0 monofilament thread.

EARLY POSTOPERATIVE PERIOD

On the first day after surgery, there was a decrease in
urine output through the urethral catheter, an increase
in the amount of discharge (urine) through a stand-by
drainage tube. According to ultrasound findings, there
was no fluid accumulation around the graft, and the PCS
was not dilated. Based on the above, uretero-ureteral
anastomosis failure was diagnosed. A decision was made
to drain the PCS with a nephrostomy tube.

Percutaneous nephrostomy of the renal graft was
performed under ultrasound control. The flow of pink-
colored urine at a moderate rate via the nephrostomy
drainage was observed.

On the third day after operation, the stand-by drai-
nage tube was removed due to the absence of discharge.

Fig. 2. Ureteral stone removed from the ureter graft
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On day 14, the patient was discharged from the hospital
with nephrostomy drainage (creatinine 250 umol/L; urea
23.4 mmol/L) to restore renal graft function.

On day 30, the patient was admitted at the Shumakov
National Medical Research Center of Transplantology
and Artificial Organs in Moscow for antegrade pyelou-
reterography in the transplanted kidney.

Control antegrade pyeloureterography in the renal
graft did not result in contrast agent extravasation, its
passage into the bladder was timely. The nephrostomy
drainage tube was removed. Control ultrasound scan-
ning amid PCS drainage with urothelial stent did not
show any dilatation.

Seven days after removal of the nephrostomy drai-
nage tube, cystoscopy was performed, and the internal
ureteral stent was removed.

Fig. 3. Resection of the necrotic section of the ureter, forma-
tion of uretero-ureteral anastomosis of the ureteral graft
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Control ultrasound examination of the renal graft
showed no PCS enlargement, and blood flow velocities
in the graft were satisfactory. No urodynamic abnorma-
lities were found. Azotemia at the time of discharge was
creatinine 130 umol/L and urea 12.4 mmol/L.

DISCUSSION

In the intra- and postoperative period, the patient had
no evidence of calculus in the graft PCS. A clinical pre-
sentation of acute renal colic in kidney recipients was
impossible because of renal graft denervation. Due to
lack of clinical manifestations, diagnosis of these cases
may be delayed, which in turn would lead to long-term
obstruction of the urinary tract, leading to impaired uro-
dynamics, graft dysfunction, necrosis, and perforation
of the graft ureter.

It was impossible to use the recipient’s own ureter due
to the previously performed bilateral nephrectomy as a
result of autosomal dominant polycystic kidney disease
and recurrent attacks of pyelonephritis. Formation of
uretero-ureteral anastomosis with graft ureter stenting
or permanent drainage of the graft with a nephrostomy
tube were the only ways to restore adequate urine flow
from the graft.

Due to the presence of calculus at the border between
the UPJ and the upper third of the graft ureter with ex-
travasation of urine, it was decided to perform reconst-
ructive plastic surgery on the native urinary tracts of the
renal graft. At the same time, a nephrostomy drainage
was used to provide an opportunity for healing of the
uretero-ureteral anastomosis.

CONCLUSION

Uretero-ureteral anastomosis formation in the upper
third of the graft ureter with stenting and freeing up by
the pelvicalyceal system with nephrostomy drainage can
be used in perforative damage of the transplanted kid-
ney ureter when using the native kidney ureter becomes
impossible. The clinical effect achieved shows that the
surgical tactics are correct. Hence, we recommend the
technique for treatment of this rare post-kidney trans-
plant urological complication.

The authors declare no conflict of interest.
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A CASE REPORT ON INTRAPORTAL INJECTION OF AUTOLOGOUS
BONE MARROW-DERIVED MONONUCLEAR CELLS AND LIVER
TRANSPLANTATION IN A PATIENT WITH CIRRHOSIS
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To date, liver transplantation remains the only effective treatment for patients with cirrhosis. Due to lack of other
effective, alternative therapeutic methods, the search and development of new treatment technologies is problem
number one. The development of cellular technologies is promising for use in clinical practice. Using this obser-
vation as an example, the safety and efficacy of cell therapy technology for prolonged stay on the liver transplant
waiting list by a patient with cirrhosis is shown. After intraportal injection of autologous bone marrow-derived
mononuclear cells, liver cirrhosis stabilized on the CTP and MELD-Na scales for 22 months of observation, which
allowed the patient to wait for an organ and successfully undergo liver transplantation.

Keywords: autologous bone marrow-derived mononuclear cells, cell therapy, stem cells, intraportal
injection, bone marrow, portal flowmetry, liver cirrhosis, liver transplantation.

INTRODUCTION

Liver cirrhosis (cirrhosis) is a terminal state of a chro-
nic disease caused by various etiological factors, ac-
companied by severe inflammation, hepatocyte necrosis
and liver fibrosis. This condition progresses irreversibly,
leading to decompensation and death [1-3]. Currently,
orthotopic liver transplantation (OLT) is the only radical
treatment for cirrhosis [4—6].

However, in the Russian Federation, as in other coun-
tries, there is significant organ shortage and, as a result,
higher number of waitlisted candidates [7, 8].

Thus, under limited transplant care and lack of ef-
fective drugs that increase the synthetic liver function,
the search for and development of new technologies for
treatment and support of patients with end-stage liver
disease is an urgent task. This problem is relevant, in-
cluding for patients who have been waitlisted for OLT.
According to clninicaltrials.gov, 104 (26 completed) cli-
nical trials using stem cells (SCs) in the treatment of liver
diseases were conducted in 2020. However, reports on
the method of SCs administration in cirrhosis are cont-
radictory [9—12]. The authors describe both a simplified
version of administration — into the peripheral vein, and
an intra-arterial, intra-portal route of administration. In
our observation, in a patient with end-stage cirrhosis,
intraportal administration of SCs to achieve increased
concentration in the liver was tested.

OBSERVATION

Female patient, 54 years old, diagnosed with cryp-
togenic hepatitis, cirrhosis, was included in the waiting

list for liver transplantation in July 2015 at the Granov
Russian Scientific Center of Radiology and Surgical
Technology, St. Petersburg, Russia. While on the wait-
list, she received standard drug therapy (hepatoprotec-
tors, diuretics), while her liver function progressively
deteriorated.

In 2017, intraportal infusion of autologous bone
marrow-derived mononuclear cells was proposed during
a planned visit. Prior permission from the local ethics
committee of the clinic was obtained. After signing the
informed consent, the patient was examined (Table 1).
The patient s initial status was assessed: Child-Turcotte-
Pugh class B, MELD-Na 15. Contrast-enhanced spiral
CT imaging of the chest, abdomen, and pelvis was per-
formed, the liver vessels were assessed. No ascites and
portal vein thrombosis were observed on tomograms.
The recipient s baseline quality of life was assessed using
the SF-36 questionnaire. The physical and psychological
health scores were 45.14 and 41.55, respectively. Based
on the data obtained, it was established that the pati-
ent had no contraindications according to the inclusion
criteria (liver cirrhosis) and exclusion (no malignant
neoplasm, portal vein thrombosis, active bacterial, viral
infection) to the cell therapy procedure (Russian Fede-
ration patent RU2671560 CI of November 2, 2018).

Subsequently, under general anesthesia in the ope-
rating room, 256 ml autologous bone marrow was aspi-
rated from the posterior iliac crest using a 4G % 70 mm
needle (TSUNAMI MEDICALL Italy).

After the bone marrow extraction procedure, the as-
pirate was sent in a transfusion bag in a thermocontai-
ner to the laboratory, where mononuclear cell (MNC)
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isolation was carried out using an automated Maco
Press Smart separator (Maco Pharma, France). We ob-
tained 51.8 mL of MNC suspension. Then, we performed
a qualitative analysis of MNCs and hematopoietic cell
population with assessment of their viability using flow
cytometry (Beckman Coulter, USA). The result is shown
in Fig. 1. As an MNC medium, we used a 0.9% NaCL
solution, a 20% human albumin solution, and 2500 I1U
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of heparin solution. The cells were resuspended to a final
volume of 93.8 mL.

About 2.5 hours after MNCs were obtained in the
X-ray operating room under local anesthesia using ul-
trasound and X-ray navigation, the portal vein (PV)
was punctured with a 22G needle (Cook Medical, USA).
After removing the mandrel and obtaining blood from
the lumen of the needle on a 0.35G-shaped guidewire
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Fig. 1. Result of MNC suspension viability assessment by flow cytometry; a) viability of all MNC cells is 96.4%; b) viability
of hematopoietic stem cells (CD34+) in MNC suspension is 99.6%

Table 1

Assessment of complete blood count and biochemistry panel results during the first 12 month of follow-up

Before | 2 mths | 4 mths | 6 mths | 8 mths | 10 mths | 12 mth | Units

treatment

White blood cells (WBC) 4.29 4.08 4.59 4.29 4.64 4.67 441 10°/L
Red blood cells (RBC) 3.9 4.14 4.49 4.6 4.78 4.63 4.32 10"%/L
Hemoglobin (HGB) 109 113 127 127 131 128 135 g/L
Hematocrit (HCT) 33.1 34.4 38.8 38.9 38.3 39.4 37.1 %
Platelets (PLT) 88 77 83 101 104 95 105 10°/L
Absolute neutrophil count (ANC) 2.27 2.14 2.65 2.52 2.75 2.62 2.51 10°/L
Absolute lymphocyte count (LYMPH) 1.29 1.15 1.15 0.98 1.15 1.22 1.04 10°/L
Absolute monocyte count (MONO) 0.46 0.57 0.6 0.57 0.5 0.61 0.51 10°/L
Absolute eosinophil count (EO) 0.21 0.18 0.15 0.18 0.2 0.17 0.29 10°/L
Absolute basophil count (BASO) 0.06 0.04 0.04 0.04 0.04 0.05 0.06 10°/L
Glucose 5.55 5.42 5.43 5.95 5.57 6.97 5.26 | mmol/L
Urea 2.7 3.3 3.9 3.6 3.8 4.3 4.5 mmol/L
Creatinine (Crea) 54 49.2 53.1 50.6 53.8 57.8 66.1 umol/L
Total bilirubin 50 38.6 40.8 37.9 34.3 40.2 37.7 umol/L
Direct bilirubin 28.4 20.2 20 17.9 16.7 16.6 15.5 umol/L
AST 41 46 49 38 35 37 37 U/L
ALT 17 23 24 19 14 16 19 U/L
ALP 223 196 232 237 228 191 213 U/L
Potassium (K) 3.7 4.3 4.2 4.2 4.3 4.2 4.6 mmol/L
Sodium (Na) 141 139 142 140 137 139 142 mmol/L
Total protein 74 71 75 72 70 72 78 g/L
Albumin (ALB) 31 31 33 33 32 33 34 g/L
Quick prothrombin (Factor I1) 53 56 57 53 58 56 55 %
Prothrombin time (PT) 18.4 17.8 17.7 18.2 17.2 17.5 18.8 sec.
INR 1.55 1.49 1.48 1.55 1.44 1.48 1.53
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(Starter, Boston, USA), a 4 F dilatation catheter (1 F =
0.33 mm, Cook Medical, USA) was inserted and angio-
graphy was performed from the v. portae with 15-20 mL
of a water-soluble contrast agent (Omnipaque 350, Ny-
comed, USA). Next, a straight aortic catheter with 5 F
lateral orifices (Cook Medical, USA) was placed on a
metal guide (Storq, Cordis, USA). Taking into account
the presence of collaterals caused by portal hypertensi-
on, before injecting the cell suspension, portal doppler
flowmetry was performed using an automatic injector
with 15-20 mL of a water-soluble contrast agent. The in-
Jjection was performed at 0.5 mL/sec, 0.8 mL/sec, 1.0 mL/
sec and 1.5 mL/sec to determine the optimal rate of se-
lective perfusion of PV segmental branches. At 0.5 mL/
sec injection rate, the PV segmental branches were not
visualized, the contrast agent was discharged through the
extrahepatic PV collaterals. At 0.8 mL/sec injection rate,
uniform contrasting of all the PV segmental branches
was achieved and the absence of blood flow along the
collaterals was noted (Fig. 2). A 93.8 mL MNC suspen-
sion was injected from the portal vein bifurcation level
at 0.8 mL/sec without loss of cells along the collaterals.
The puncture canal was sealed with a hemostatic spon-
ge, followed by removal of the catheter and fixation of
aseptic dressing.

Fig. 2. Angiograms of the patient. a) portogram with cont-
rast agent injection at the rate of 1 mL/sec and 1.5 mL/sec:
the portal vein trunk and collaterals were visualized (black
arrows); b) portogram with contrast agent injection at a rate
of 0.8 mL/sec: only the portal vein segmental branches were
perfused (optimal speed)
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Ultrasound examination was performed after the ope-
ration. It found no bleeding at the manipulation site.
There were no complications and clinically significant
adverse events in the early postoperative period during
the follow-up of the patient. The patient was discharged
after 48 hours of hospital observation and control blood
tests.

Then, every 2 months, the liver function indices were
assessed according to the MELD-Na and CTP scales
(Table 2), quality of life (Table 3).

During 22 months of follow-up, the patient’s liver
functional parameters improved.: total bilirubin and he-
patic transaminases levels decreased, albumin serum
levels increased. The degree of liver failure according
to CTP scale (7 points) and MELD-Na (14 points) was
stabilized. The patient’s quality of life indicators im-
proved according to the SF-36 questionnaire (physical
health — 56.44 points, mental health — 53.25 points).

Morphological assessment before the introduction of
cells showed pronounced leukocytic infiltration, inflam-
mation; the number of binuclear cells was 12 cells/mn?’,
no mitoses were detected (Fig. 3). According to Accor-
ding to immunohistochemistry (IHC), the Ki67 marker
expression was 2%, alpha-fetoprotein was not expressed.

Two months after the use of cell therapy, we perfor-
med repeated trepan biopsy of the liver from the same
segment with subsequent morphological and IHC assess-
ment (Fig. 5). There was decreased inflammatory infilt-
ration, a significant increase in the number of binuclear

Table 2
Assessment of liver failure based on MELD-Na
and CTP scales
Observation MELD-Na, | Child-Turcotte-Pugh,
period points points
Before treatment 15 Class B—-8
2 months 14 Class B -8
4 months 15 Class B—-8
6 months 14 Class B -7
8 months 14 Class B -7
10 months 14 ClassB -7
12 months 15 Class B—-8
18 months 14 ClassB -7
22 months 14 Class B -7
Table 3
Quality of life assessment (SF-36 questionnaire)
Observation period | Physical health | Mental health
Before treatment 45.14 41.55
1 month 47.00 45.00
4 months 50.53 48.48
8 months 54.43 52.09
12 months 54.77 39.78
18 months 51.10 46.11
22 months 56.44 53.25
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cells from 12 to 19 cells/mm’. No mitoses were detec-
ted. Ki67 expression was 3% (no significant dynamics),
alpha-fetoprotein was not expressed.

After 22 months of follow-up after MNC was injected,
the patient underwent OLT from a postmortem donor
using the piggyback implantation technique with pre-
servation of the retrohepatic section of the recipient’s
inferior vena cava.

There were no post-transplant complications. Graft
function was satisfactory. The patient is alive and regu-
larly monitored at the outpatient transplant center.

DISCUSSION

OLT remains the main radical treatment for cirrhosis
patients. A longer wait for donor organ entails a higher
waitlist mortality. Prior to OLT, patients receive only
drug therapy in order to correct blood liver function.
The lack of competitive effective therapy prompts the
search for other ways to solve this problem. Regenerative
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medicine and cell therapy may serve as the most likely
method of reducing liver failure mortality.

The safety and efficacy of stem cells in cirrhosis has
been proven in clinical trials in a limited sample of pa-
tients [11-14]. However, in the process of human stem
cell therapy, researchers face three main questions: how
to obtain SCs, the administration-delivery route, and the
choice of a cell population to achieve the best therapeutic
effect.

In our case, the source of SCs was autologous bone
marrow-derived mononuclear cells obtained from a pa-
tient with cirrhosis. Apparatus separation of the MNC
made it possible to obtain a cell suspension with high
viability.

According to a literature review, the authors have
not previously detailed and substantiated the rate of cell
administration and the advantages of the portal route
of administration in the presence of venous collaterals
[15-18].

Fig. 3. Histological examination of liver biopsies before MNC infusion: a) infiltration by WBC, inflammation; b) IHC, expres-
sion of the Ki67 marker — 2%, alpha-fetoprotein was not expressed
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Fig. 4. Histological examination of liver biopsies after MNC infusion (2 months): a) infiltration by WBC and inflammation
decreased, the number of binucleated cells increased (19 cells/mm?). b) IHC, expression of the Ki67 marker — 3%, alpha-

fetoprotein was not expressed
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In the presented clinical case, we have demonstrated
the portal doppler flowmetry technique, which allows
to prevent the loss of cell suspension through the porto-
systemic venous collaterals when administered via the
portal vein.

CONCLUSION

This proven cell therapy technology is safe and allows
to improve liver function and stabilize the course of cir-
rhosis according to prognostic scales CTP (from 8 to 7),
MELD-Na (from 15 to 14) while on the OLT waiting list.

The study on targeted delivery of a cell suspension to
the liver through the portal vein suggests the need for a
personalized approach in the use of cell therapy. A further
randomized study on an enlarged sample of patients will
be of great scientific interest.

The authors declare no conflict of interest.
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Objective: to justify the design of a self-expanding transcatheter aortic valve prosthesis based on a biomaterial
stabilized with ethylene glycol diglycidyl ether using numerical simulation and a series of field experiments with
working prototypes to determine the consistency of the proposed design solutions. Material and methods. Nu-
merical computer models of a developed aortic valve prosthesis intended for transcatheter implantation, as well as
prototypes of the most promising concepts for a series of field tests, were used in the work. Computer 3D models
were subjected to numerical analysis in the Abaqus/CAE environment (Dassault Systemes, France) based on the
finite element method with iterative design optimization and repeated numerical experiments. Physical prototypes
of the transcatheter prosthesis were subjected to a series of mechanical tests for axial and radial compression, as
well as tests on a Vivitro hydrodynamic stand (Vivitro Labs, Canada) under simulated normal flow. All studies were
carried out in a comparative aspect with a similar transcatheter aortic valve prosthesis (control), the CoreValve™
bioprosthesis (Medtronic, Inc., USA). Results. Computer simulation demonstrates the stress-strain state values
that do not significantly exceed the critical levels (628 and 756 MPa versus the threshold value 1080 MPa) for
two basic concepts of support frames. The fatigue strength based on the calculation of the mean and alternating
stresses corresponding to normo- and hypertensive states based on the Goodman diagrams, did not reveal any
evidence that the threshold values (destruction area after 200 million cycles) were exceeded. The hydrodynamic
characteristics of working prototypes made on the basis of computer models correspond to the testing data of
CoreValve™ clinical bioprosthesis: the effective orifice area was 1.97 cm?, the mean transprosthetic gradient was
8.9 mm Hg, the regurgitant volume was 2.2—4.1 mL per cycle depending on the prototype model. Conclusion.
Generally, experiments carried out showed the consistency of the concepts, including from the point of view of
implementation of the leaflet apparatus based on xenogeneic tissues treated with ethylene glycol diglycidyl ether.

Keywords: transcatheter prosthesis, aortic stenosis, finite element method, fluid dynamics, numerical
simulation.

INTRODUCTION

Transcatheter aortic valve replacement (TAVR) is a
minimally invasive approach, which has gained consi-
derable acceptance in the last decade. The procedure is
intended for patients with high-risk aortic stenosis, who
are not eligible for surgical replacement due to signifi-
cant risks associated with comorbidity and recipient age.
Being much less invasive than the surgical alternative,
TAVR can shorten the rehabilitation period and provide

on this type of preservation — first of all, calcification
[2] and structural degeneration [3] — prevents us from
concluding that such prostheses have significantly long
functioning period, and, therefore, that they can be used
for low-risk patient groups. [4], for which the prosthesis
should last longer. Among the methods of xenograft sta-
bilization for cardiovascular surgery in Russia, ethylene
glycol diglycidyl ether (EGDE), which is more resis-
tant to calcification due to its chemical structure [5], has

treatment for aortic stenosis in high- to moderate-risk
patients [1].

Common to all FDA- and CE-approved TAVR de-
vices is the valve material, which is made of glutaral-
dehyde-fixed equine or porcine pericardium. Neverthe-
less, the existing pool of prosthetic dysfunctions, based

been highly recommended, and the clinical results of the
use of EGDE-based heart valve prostheses confirm its
durability [6]. Potentially, TAVR constructions based
on this type of stabilization should not be inferior to
existing glutaraldehyde-treated prostheses in terms of
mechanical properties and hemodynamics. This work
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presents an experimental justification of the design of
a self-expanding transcatheter aortic valve prosthesis
based on an EGDE-stabilized biomaterial.

MATERIALS AND METHOD
Design input

Based on studies on TAVR features and results, ana-
lysis of design solutions of existing transcatheter valves
and their shortcomings (analysis of the literature of the
current state) [7, 8], analysis of new experimental pros-
theses [9, 10], as well as analysis of regulator require-
ments, the basic design characteristics of medical pro-
ducts were determined. The main prerequisites for the
design of aortic valve prosthesis were:
The prosthesis represents a stent-type support frame,
on which three symmetrical leaflets, made of biolo-
gical material and a veneer in the inflow area, are
mounted.
Structurally, the prosthesis consists of three intercon-
nected zones that provide the functions — (1) fixation
in the lumen of the annulus fibrosus or dysfunctional
prosthesis; (2) preservation of the symmetrical geo-
metry of the cusp and the possibility of its closure;
(3) ensuring fixation in the sinotubular articulation
area while maintaining the geometry of the cusp un-
changed.
The technology chosen for the support frame was the
use of a self-expanding structure based on a supere-
lastic titanium nickelide alloy. This solution, highly
recommended in the clinical practice of TAVR, ad-
ditionally, would not require the development of a
complex delivery system, as in the case of alternative
solution, balloon implantation.
The prosthesis cusp must not interfere with the pa-
ckaging into the delivery system, hence, have a mini-
mum thickness, while maintaining sufficient strength
and providing the necessary closure zone (co-opta-
tion), which is ensured by using EGDE-stabilized
porcine xenopericardium.
The original geometry of the support frame should
allow laser cutting from a small-diameter 6 mm (18 Fr)
tube for subsequent packaging in a minimal profile de-
livery system.

Concepts

Components of the developed prosthesis were desig-
ned through a series of numerical experiments to assess
the main functional characteristics —radial forces, stress-
strain state, and fatigue-strength characteristics. For this
purpose, two primary concepts of a stent-based support
frame were developed: “classical” and “inclined” cell
topology. The main difference in the second case was
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the inclination of three cell rows — two in the inflow
area and one in the outflow. Such a feature, presumab-
ly, should provide a special pattern for subsequent pre-
implantation packaging into the delivery system — due to
the twisting of the support frame. Support frame models,
implemented in the form of two-dimensional sweeps
for subsequent formation of volumes, were built in the
SolidWorks (Dassault Systemes, France) design software
(computer-aided design).

Numerical Simulation

The resulting concepts were subjected to numerical
analysis in the Abaqus/CAE environment (Dassault Sys-
temes, France) based on the finite element method with
iterative design optimization and repeated numerical
experiments. For this purpose, C3D8 hex element grid (a
general-purpose 3D hexagonal element, fully integrated
with 8 nodes, n = 105,000) was obtained on the basis of
three-dimensional models. The study was performed for
a series of load tests, including:

1) Giving the final shape to the support frame (Fig. 1, a,
b) from the initial 6 mm to the final geometry of
variable diameter, fitting size 25 mm for the area con-
taining the cusps. The criterion for the consistency
of the design was the absence of elements with high
stress values exceeding the ultimate strength of the
material (o = 1522.4 MPa [11]).

Axial stiffness test of the inflow area (Fig. 1, b) to
assess fixation forces at 75% relative to the original
diameter. The resulting stress-strain curves were eva-
luated.

Radial compression test (Fig. 1, b) to assess the force
with which the device will exert pressure on the an-
nulus fibrosus in the implanted state, in particular, in
the cardiac conduction system passage area, i.e. the
area responsible for the occurrence of the left bundle
branch block.

The cyclic fatigue test based on the average and alter-
nating stress diagrams — the ability of the structure to
withstand prolonged alternating load — demonstrated
for the final models the ability to operate without node
destruction under the action of normal and elevated
pathological pressures —up to 160 mmHg (0.21 kPa).

2)

3)

4)

Real-life experiments

The developed drawings of the support frames for-
med the basis for the prototypes of two versions of the
TAVR prosthesis: one based on the “classical” design
and two based on the “inclined” design (Fig. 2, a). Tita-
nium nickelide tubes with 6 mm diameter and 0.5 mm
wall thickness were manufactured by laser cutting, with
subsequent shaping by heat treatment with a phase trans-
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formation temperature of 17 + 3 °C and surface treatment
by mechanical and electrochemical polishing.

The obtained support frames were subjected to a se-
ries of mechanical tests for axial and radial compression
in comparison with the control — a CoreValve™ biop-
rosthesis support frame (Medtronic, Inc., USA) of the
same standard size. For this purpose, the specimens were
placed in plate clamps or radial grips of ZwickRoell uni-
versal testing machine (ZwickRoell, Germany) and com-
pressed by 75% in axial (Fig. 3, a) and radial (Fig. 3, b)
directions, with registration of force-deformation curves.

To create the cusp and the lining, the templates were
designed, according to which the necessary components
were made by laser cutting using the thickness mapping
of EGDE-stabilized porcine xenopericardium. Then, by
consecutive mounting of all elements of the prosthesis
on the support frame with the help of sutures according
to well-known methods, working prototypes of prosthe-

ses (Fig. 2, b) were made for hydrodynamic tests under
real-life experiments on a stand. Hydrodynamic charac-
teristics were studied in a Vivitro pulsating flow setup
(Vivitro Labs, Canada), in which normal blood flow was
simulated: 70 mL stroke volume, 5 L/min cardiac output,
and 120/80 mm Hg pressure. Results: the effective orifice
area, maximum and mean transprosthetic gradients, and
regurgitant volume were recorded for 10 steady-state
cycles. A 25-size commercial CoreValve™ bioprosthesis
was used as control values.

RESULTS
Numerical simulation

The following characteristics were obtained from
numerical analysis of load tests:
1) Giving the final shape to the support frame from the
initial 6 mm to the final geometry of variable diame-
ter, up to 22-31 mm with a fitting size of 25 mm did

a “Classical” support frame concept

-|
i
i
0
b

l
b
i
i

\
i

fit
I
W

Initial state

Final state

C  Numerical tests (example)

Flat scan
b “Inclined” support frame concept

Initial state

Flat scan

Final state

Radial stiffness test

= _- —

Cyclic resistance assessment

Fig. 1. Two primary concepts of a support frame based on stents “classical” (a) and “inclined” (6) topology of cells, computer
models: initial flat sketch for laser cutting machine; initial state, similar to the manufactured one; final state obtained by the
finite element method; B — an example of numerical tests for design optimization: axial stiffness test with slabs; radial stiffness
test with a cylindrical surface; alternating stress diagram for evaluating cycle durability
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not cause a critical increase in the stress-strain state of

the nodes: the average weighted value of node stress

was 341 (110-628) and 258 (53—756) MPa depending
on the concept at the threshold level (1080 MPa),
taken as the ultimate strength of titanium nickelide

(Fig. 4, b).

The axial stiffness test (Fig. 4, a) of the inflow area

yielded values ranging from 11.3 to 17.1 N as the

total force to estimate the fixation forces.

The radial compression test (Fig. 4, a) showed similar

findings, with radial forces for the “classical” and

“inclined” concepts — 12.4 and 16.8 N, respectively,

with slightly higher values for the CoreValve™ bio-

prosthesis (up to 21.3 N) [12].

4) Cyclic fatigue test showed that the resulting alterna-
ting stresses do not exceed 36-50 MPa. The average
stress variations, taking into account the previously
formed stress-strain state, are 410-513 MPa — below
the ultimate fatigue strength (S-N curves 400 MPa

[13]).

2)

3)

Real-life experiments

It was shown that the maximum axial force in the
case of the developed support frames was 12.8—15.6 mm,
depending on the geometry and, in general, weakly de-
pended on the frame area. For the control case, the Core-
Valve™ bioprosthesis, there was a clear dependence
of forces on the prosthesis area: 12.4 N for the inflow
area and 7.58 N for the outflow area. The 75% radial
compression force generated for the experimental pros-
theses was also shown to be weakly dependent on the
prosthesis area, being 11.6—-17.0 N, while in the control
case it ranged from 20.6 N (inflow area) to 8.1 N (out-
flow area). In all cases, a clear hysteresis dependence of
the frame properties under loading and unloading was
obtained — formation of a specific stress-strain curve
loop that is characteristic of titanium nickelide. It was
shown that the ranges of forces created by the support
frames in a real-life experiment, firstly, agree with the
findings of numerical experiments, which made it pos-
sible to verify computer simulation, and secondly, agree
well with the properties of the commercial CoreValve™

Fig. 2. Supporting frames and prototypes of TAVR-prosthe-
ses, containing a valve apparatus and facing of the inflow
zone, of two concepts: based on the “classic” cell and
“inclined”

prosthesis, which is widely used in in TAVR clinical
practice in Russia.

Quantitative results of the hydrodynamic study are
shown in Table.

DISCUSSION

Designing a new transcatheter aortic valve prosthesis
is a complex task that requires investigation and justifi-
cation of the geometry and properties of all its compo-
nents — the support frame, the cusp, and the subsequent

Table
Hydrodynamic characteristics of the studied prostheses
Indicator “Classical” design “Inclined” design Control
Effective orifice area, cm’ 2.17+0.32 1.97 £ 0.21 2.34+0.11
Maximum transprosthetic gradient, mm Hg 13.9+6.5 17.5+8.8 10.4+£6.2
Mean transprosthetic gradient, mm Hg 7.1+3.8 89+43 5.1+2.1
Regurgitant volume, mL/cycle 22+1.8 41+23 2.8+2.6

Note. All data are presented as mean + standard deviation, calculated over 10 steady-state hydrodynamic cycles.
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validation of the assembled structure. The present stu-
dy demonstrates an analysis of the two most important
risks for TAVR — excessive pressure on the areas of the
cardiac conduction system around the annulus fibrosus
and hemodynamic efficiency. The first aspect determines
the possibility of conduction abnormalities — primarily
atrioventricular block resulting from mechanical com-
pression, while the second determines the development
of para- and transprosthetic regurgitation due to loose en-
gagement of the prosthesis with the surrounding tissues
or violations of the leaflet geometry. Clinical experience
with the use of self-expanding TAVR prostheses demons-
trates the prevalence of these two effects in the compli-
cation structure of this type of prosthetic repair [14].
The study of mechanical properties and stress-strain
states through numerical and real-life experiments, de-
monstrates the consistency of the proposed concepts.
The arising internal forces (stress) do not reach critical
values, constituting much lower amplitudes even for
loaded structural nodes. The value of such a “safety mar-
gin”, on one hand, does not cause risk of failure of the

“Classical”

prosthesis sections, even with additional loads (bends
during the passage of the patient’s vascular bed), on the
other hand, it makes it possible for in-depth optimization
of the design: changes in the geometric parameters of the
cell, i.e., potential reduction in the prosthesis diameter in
the pre-implantation state — the delivery system profile.
External forces generated by the support frame in the
radial and axial directions are largely consistent with the
control — the CoreValve™ clinical bioprosthesis, which,
despite complications, has a high evidence base for its
effectiveness. It can be assumed that the proposed design
will demonstrate similar fixation results in the aortic val-
ve lumen. The concepts show lower radial forces in the
annulus fibrosus, suggesting a lower risk of compression
of the conduction system. However, this thesis should be
confirmed by an extended series of experiments, inclu-
ding assessing the fixation reliability. Fatigue modeling
data showed a slight change in the stress in the systole-
diastole cycle for both models, suggesting that the frame
is functioning in an “infinite” range and predicting com-

Fig. 3. Setting up full-scale experiments with prototypes of supporting frames and working prototypes of an assembled pros-
thesis: a — study of mechanical properties in a universal testing machine for axial compression; 6 — the same for radial com-

pression; B — stand for hydrodynamic testing of prostheses; r —

view from the inflow zone of the prototype valve prosthesis

installed in the hydrodynamic stand; 1 — view from the outlet zone to the closed flap apparatus
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pliance with the requirements to withstand 200 million
systole-diastole cycles without failure.

In vitro hydrodynamic characteristics are the main
indicator of bioprosthesis performance; in a comparative
aspect, they show generally satisfactory results. Com-
parison of the performance of glutaraldehyde-stabilized
xenopericardial leaflets (CoreValve™ control biopros-
thesis) and the concepts in question based on EGDE-
stabilized biomaterial confirmed the acceptability of the
latter for TAVR prostheses. Quantitative characteristics —
effective orifice area and the transprosthetic gradient
determining the opening of the cusp, indicate sufficient
elasticity and mobility of the leaflets. The regurgitant
volume, comparable both with bioprostheses for open
intervention [15, 16], and with the control, in turn, con-

CONCLUSION

The series of studies carried out demonstrates the
consistency of the developed support frame concepts,
including from the point of view of implementing the
cusp based on EGDE-treated xenotissues. Validation of
working prototypes in the hydrodynamic evaluation unit
in a comparative aspect with the clinical specimen of a
similar TAVR bioprosthesis confirmed the satisfactory
functional characteristics of the models developed.

The study was funded by a grant from the Russian
Science Foundation (project No. 18-75-10061) on the
topic “Research and Implementation of the Concept of
Robot-Assisted Minimally Invasive Aortic Valve Repair”.

firms the cusp closure tightness and creation of tight

contact with the annulus fibrosus in vitro model. The authors declare no conflict of interest.
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Objective: to investigate the efficacy of supercritical carbon dioxide (sc-CO,) for enhancmn the biocompa-
tibility of biopolymer scaffolds from biodegradable materials and tissue-specific scaffolds from decellularized
porcine liver slices (PLSs) or fine porcine cartilage particles (FPCPs). Materials and methods. Biopolymer
scaffolds of a polyoxy(butyrate-co-valerate) and gelatin copolymer composition, 4 mm in diameter and 80 mm
in length, were formed by electrospinning (NANON-01A, MECC CO, Japan) and stabilized by incubation in
glutaraldehyde vapor for 48 hours at room temperature. For decellularization, PLSs and FPCPs were incubated
under periodic stirring in buffer (pH = 7.4) solutions of sodium dodecyl sulfate (0.1%) and Triton X-100 with
increasing concentrations (1, 2, and 3%). Treatment in a sc-CO, atmosphere was done at 150-300 bar pressure,
35 °C temperature, and 0.25-2.5 mL/min flow rate of sc-CO, for 8—24 hours. 10% ethanol was introduced as a
polarity modifier. Cytotoxicity was studied according to GOST ISO 10993-5-2011. The growth of NIH/3T3 in
the presence of samples was studied using an interactive optical system IncuCyte Zoom. Results. The effect of
the sc-CO, flow rate and pressure, and the effect of addition of ethanol, on the biocompatibility of scaffolds was
investigated. It was found that treatment at a low sc-CO, flow rate (0.25 mL/min) does not achieve the required
cytotoxicity. Complete absence of cytotoxicity in biopolymer scaffolds was achieved in the presence of 10%
ethanol, at a sc-CO, flow rate of 2.5 mL/min, 300 bar pressure and 35 °C temperature after 8 hours of treatment.
Effective removal of cytotoxic detergents from decellularized liver occurs already at a 150-bar pressure and
does not require the addition of ethanol. Adding ethanol to sc-CO, eliminates not only the cytotoxic, but also the
cytostatic effect of tissue-specific scaffolds. Conclusion. Sc-CO, treatment is an effective way to enhance the
biocompatibility of three-dimensional porous matrices produced using cytotoxic substances: bifunctional cross-
linking agents for biopolymer scaffolds and surfactants in the case of tissue-specific matrices. Addition of ethanol
as a polarity modifier improves the treatment efficiency by eliminating both cytotoxic and cytostatic effects.

Keywords: pig liver, pig cartilage, decellularization, biopolymer scaffolds, supercritical CO,, polarity
modifier, cytotoxicity, biocompatibility.

INTRODUCTION

The key challenge in creating tissue-engineered con-
structs for use in tissue and regenerative medicine is the
development of biodegradable highly porous scaffolds
(synonyms: matrices, scaffolds) that could enable specific
cells to be delivered to an organ requiring correction
and treatment, and ensure their long-term functioning
in that organ.

Today, so many scaffolds possessing the necessary
complex of physicomechanical and biological properties
have been developed. In their manufacture, preference
is given to high-molecular-weight natural materials.
Collagen, which forms the main component of the ex-
tracellular matrix (ECM) and can stimulate reparative

processes, and its partially denatured derivatives, such
as gelatin, are most commonly used for this purpose
[1, 2]. However, collagen scaffolds undergo extremely
rapid (less than 1 month) resorption when injected into
the body [3, 4]. In order to increase resorption time of
biopolymer-based materials, a wide range of physical
and chemical cross-linking methods have been deve-
loped [5-7]. Collagen crosslinking methods using bi-
functional crosslinking agent, glutaraldehyde (GA), are
the most widely used. Along with the high efficiency of
biopolymer structure stabilization, crosslinking with GA
comes with a number of side effects including cytotoxi-
city of the final product [8, 9].

In natural tissues, ECM is able to provide not only
physical support to cells, but also send biological signals
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selectively supporting adhesion, proliferation, and diffe-
rentiation of cells of a particular tissue or organ [10, 11].
In this regard, there is great interest in scaffolds made
by decellularization, a process aimed at removing cells
and genetic material from the tissue while preserving
not only the structural but also tissue-specific properties
of ECM. Currently, a wide range of different physical,
chemical and biological methods are used for decellulari-
zation of organs and tissues, among which treatment with
surface-active agents (surfactants) of ionic or non-ionic
nature is the most common [12—14]. One of the signifi-
cant disadvantages of surfactant use for organ and tissue
decellularization is the need to wash them thoroughly in
buffer solutions from residual detergents for a long time
(atleast 72 h) [12—15]. This increases the risk of washing
out significant amounts of glycans and cytokines, and can
lead to disruption of matrix recellularization processes
[16]. Consequently, reducing the time of contact with
the aqueous phase is necessary in terms of minimizing
the risk of such complications.

Recently, there has been increased interest in the
use of supercritical fluids (SCF) in the creation of scaf-
folds for tissue engineering and regenerative medicine
[17-24]. Any substance at a temperature and pressure
above the critical point goes into the SCF state (Fig. 1),
at which the difference between the liquid and gas phases
disappears. One of the most important properties of SCF
is its ability to dissolve substances, and the dissolving
power increases with increasing density. Since the SCF
density increases with increasing pressure at a constant
temperature, changing the pressure can affect its dissol-
ving ability [25].

Of the known SCFs, supercritical carbon dioxide
(sc-CO,) is used most often in biomedical technologies
(sc-CO,). Sc-CO, can be treated at temperatures close
to physiological values (35—40 °C), and does not requi-
re the use of additional organic solvents. At the end of
treatment, the carbon dioxide is easily and practically

Supercritical
region

Pressure s

Temperature

Fig. 1. Transition of substance into supercritical state
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without residue removed by simple depressurization.
At the same time, removal of toxic compounds soluble in
sc-CO, (unreacted monomers and oligomers, surfactants,
plasticizers, etc.) can occur, which leads to significant
improvement in the biocompatible properties of the ob-
tained materials [26].

Since carbon dioxide is a non-polar compound, to
increase the efficiency of removal of polar phospholipid
components of cell membranes, treatment with sc-CO, is
performed in a hydrophilic agent, usually ethanol [27].
The addition of ethanol also makes it possible to increase
the preservation of such important ECM components as
collagens, glycosaminoglycans, adhesive proteins (fib-
ronectin, laminin, etc.), as well as angiogenic factors
during decellularization [28].

All this suggests that treatment with sc-CO, can facili-
tate the effective removal of cytotoxic surfactant residues
and unreacted GA used in the matrix formation process
for tissue engineering.

The aim of this work is to investigate the efficacy
of sc-CO, to improve the biocompatibility of tubular
porous scaffolds made of a copolymer composition of
polyoxy(butyrate-co-valerate) and polyhydroxybutyrate-
valerate-gelatin (PHBV-G) stabilized by GA and tissue-
specific scaffolds made of porcine liver slices (PLSs).

MATERIALS AND METHODS

Obtaining scaffolds

Biopolymer porous tubular scaffolds (Fig. 2) from
10% (by weight) solutions of polyhydroxybutyrate-va-
lerate (PHBV) and gelatin (type A) in hexafluoroisopro-
panol (all Sigma-Aldrich, USA), mixed in a 1:2 ratio (by
volume), formed using electrospinning, NANON-01A
unit (MECC CO, Japan). The voltage between the elec-
trodes was 25 kV, the distance between the electrodes
was 10 c¢m, the rod diameter was 4 mm, and the rod
rotation speed was 500 rpm. The samples obtained from
the composition (PHBV-G) were mechanically removed
from the substrate, dried at 37 °C for 4-6 h, and vacuum-
treated at 37 °C and residual pressure of 10-20 mm Hg
within 18-24 hours.

Additional stabilization of the biopolymer scaffold
structure by GA vapor (Serva, Germany) was performed
by placing pre-swollen samples (distilled water, 24 h
at room temperature) in a closed container (desiccator)
containing a 25% GA solution, without direct contact of
the sample with the GA solution, and incubated at room
temperature for 48 h.

Decellularization of porcine liver and
cartilage

Porcine liver was obtained at a slaughterhouse (Pro-
magro Ltd, Russia) after slaughtering healthy animals
(weight about 120 kg) in accordance with European Di-
rective 64/433/EEC. After refrigerated transportation
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(4 °C), the porcine liver was cut into PLSs 0.1 x 0.3 cm
in size, frozen at —80 °C and stored at this temperature
until decellularization began.

The hip and knee joints of the pigs were obtained
at the slaughterhouse (Promagro Ltd, Russia) after the
slaughter of healthy animals (weight about 120 kg) in
accordance with the European Directive 64/433/EEC.
After refrigerated transportation (4 °C), the cartilage was
removed from articular surfaces with a scalpel, cut into
0.5 x 0.5 cm slices, frozen at —80 °C, and crushed under
continuous liquid nitrogen cooling for 4 minutes at 25 Hz
shaking frequency of the grinding jar using a CryoMill
(Retch GmBH, Germany). Fractions of finely minced
porcine cartilage particles (FMPCP) sized 30-100 um
were isolated by sifting the contents of the grinding jar
through a set of sieves with appropriate cell size.

Decellularization of FMPCPs and PLSs was perfor-
med in three buffer solutions (phosphate-buffered saline
(PBS), pH =7.4) 0f 0.1% sodium dodecyl sulfate (SDS)
and with increasing concentration (1%, 2%, and 3%) of
Triton X-100 (all Sigma-Aldrich, USA) with periodic
stirring (200 rpm, 3 times daily, 1 hour, at room tempe-
rature). After thorough washing from surfactants in three
changes of PBS and subsequent incubation in buffer
solution for 24 hours at room temperature, decellularized
porcine liver slices (DPLSs) were transferred to cryo-
tubes and stored at —80 °C until treatment with sc-CO,.

Treatment with supercritical CO,

Treatment in a sc-CO, atmosphere was done on a
RESS-SAS unit (Waters corporation, USA) at T= 35 °C,
150 and 300 bar pressure, 0.25 and 2.5 mL/min sc-CO,
feed rate for 8 or 24 hours. Ethanol at 10% concentration
(by volume) was chosen as the polarity modifier.

Cytotoxicity study

Cytotoxicity of the test samples was assessed in vitro
according to interstate standard GOST ISO 10993-5-
2011 [29]. All procedures were performed under aseptic
conditions. We used the NIH 3T3 mouse fibroblast cell
line obtained from a collection of transplanted verte-
brate somatic cells at Ivanovsky Institute of Virology,
Moscow, Russia. The cells were seeded into 24- and
96-well flat-bottomed culture plates (Corning-Costar,
USA) at a concentration of 8 x 10* cells/well and 2 x
10* cells/well, respectively, and incubated for 24 hours
at 37 °C in a humid atmosphere containing 5 + 1% CO,
before an 80 = 10% monolayer was formed.

At least three extracts and samples were prepared for
each scaffold sample. Sodium chloride (NPK, Russia)
was used as the extraction solution. The ratio of sample
surface area to extraction solution volume was 3:1 cm*/
mL. Extraction time was 24 hours and temperature was
37 °C. The obtained extract was introduced into a 96-

&9

Fig. 2. Structure of a biopolymer porous tubular scaffold,
d =4 mm. a) a cross section (100x magnification); b) inner
surface (2000 magnification)

well plate with a formed cell monolayer in the volume
of 100 pl/well.

For the cytotoxicity study by direct contact, the bio-
polymer scaffold samples (1 x 1 cm* and 0.1 cm thick)
and tissue-specific matrices (5 mg weighed portion) were
placed directly into a 24-well plate on the cell monolayer
surface. The plates were incubated for 24 hours at 37 °C
in a humid atmosphere containing 5 + 1% CQO,.

On day 2 of incubation, we evaluated monolayer con-
fluence (the degree of cell coverage of the substrate), as
well as the degree of cell lysis using inverted binocular
microscope MC 700 (Micros, Austria).

Negative control (K—) was DMEM culture medium
with or without fetal calf serum, and the positive control
(K+) was zinc solution in nitric acid: Zn 1-2 wt% in
HNO; (Sigma-Aldrich, USA), diluted 1:100 with saline.

The results were analyzed according to the grading
scale of the degree of cell reactivity:

Grade 0: No reaction, discrete intracytoplasmic gra-
nules observed, no cell lysis;
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Grade 1: slight reaction, no more than 20% of cells
are rounded (round, loosely attached, no intracytoplas-
mic granules);

Grade 2: mild reaction, no more than 50% of cells
are lysed (round, loosely attached, no intracytoplasmic
granules);

Grade 3: moderate reaction, no more than 70% of
cells are lysed (round, loosely attached, no intracyto-
plasmic granules);

Grade 4: strong reaction, more than 70% of cells are
lysed (almost completely destroyed monolayer).

Negative control — the degree of cell reaction is 0,
cell reaction is None. Positive control — the degree of
cell reaction is 3 or 4. The reactivity of the extract under
study must not exceed grade 0 (reaction None).

The study of prolonged (up to 72 hours) cytotoxic
effect under direct contact of the cells with the samples
under study was performed using the IncuCyte Zoom
interactive optical system for long-term cell research
(Essen BioScience, USA). This complex allows you to
incubate cells under standard conditions and microscopy
the culture plate at specified time intervals with image
photofixation. Analysis of the obtained images using
the built-in software makes it possible to calculate the
change in the cell monolayer confluence for each sample
as a function of time.

The effect of cytotoxic residues on the proliferative
activity of NIH 3T3 fibroblasts was studied using an
interactive optical system IncuCyte Zoom, which allows
real-time recording of cell growth curves on the surface
of the culture plate during direct contact with the test
sample.

Statistical data processing was performed using the
standard Microsoft Excel software package. The level
of statistical significance was p < 0.05.

RESULTS AND DISCUSSION

Before treatment with sc-CO,, the cytotoxicity of the
extracts was ‘“moderate” (grade 3) in the case of biopo-
lymer scaffolds and at grade 4 (acute cytotoxic reaction)
for tissue-specific scaffolds.

After exposure to sc-CO,, regardless of the choice
of treatment mode, the extracts from biopolymer scaf-
folds as well as FMPCP and DPLS matrices were not
cytotoxic (grade 0). At the same time, under conditions
of direct contact with the NIH 3T3 monolayer, the sam-
ples showed cytotoxicity, whose severity depended on
treatment conditions.

Treatment of scaffolds with sc-CO, at a low feed rate
(0.25 ml/min) turned out to be little effective. The grea-
test reduction in the level of cytotoxicity to “mild” (level
2) was achieved after prolonged treatment (24 hours) of
DPLS samples in sc-CO, medium with the addition of
ethanol. However, this result does not meet the GOST
ISO 10993-5-2011 standards.

Increasing the sc-CO, feed rate to 2.5 mL/min had a
positive effect on the treatment efficiency of both bio-
polymer and tissue-specific scaffolds (Tables 1 and 2).

Treatment of biopolymer scaffolds with sc-CO, at
2.5 mL/min feed rate and 150 bar pressure was margi-
nally effective even when ethanol was added (Table 1).
Increasing the sc-CO, pressure to 300 bar was accom-
panied by a marked decrease in cytotoxicity to “insig-
nificant” (level 1) after 24 hours of exposure (Table 1).
Only the addition of ethanol into the sc-CO, composition
makes it possible to achieve a complete absence of cyto-
toxic effect of biopolymer scaffolds at 300 bar pressure
after 8 hours of treatment (Table 1).

In the case of DPLS scaffolds, increasing the sc-CO,
feed rate has a more pronounced effect on reducing cy-
totoxicity (Table 2). In the case of samples treated for
24 hours with individual sc-CO, at 150 bar pressure,
cytotoxicity decreases to “insignificant” (level 1). The
addition of ethanol makes it possible to completely sup-
press the cytotoxicity of scaffolds already after 8 hours
of sc-CO, treatment.

Increasing the pressure from 150 to 300 bar enhances
the effect of treating DPLSs with sc-CO, (Table 2). Com-
plete absence of cytotoxicity (level 0) was obtained after
8 hours of exposure to sc-CO, without adding ethanol.

It should be particularly noted that the samples tre-
ated with regimens that provided effective surfactant
removal demonstrated the absence of cytotoxicity not

Table 1
Cytotoxicity of porous biopolymer scaffolds (sc-CO, feed rate 2.5 mL/min)

Ethanol, % | Pressure, bar | Time, hour Cytotoxicity
1 Control (without sc-CO, treatment) Moderate (3)
2 — 150 8 Moderate (3)
3 — 150 24 Moderate (3)
4 10 150 8 Mild (2)
5 10 150 24 Mild (2)
6 — 300 8 Mild (2)
7 — 300 24 Insignificant (1)
8 10 300 8 None (0)
9 10 300 24 None (0)

90



REGENERATIVE MEDICINE AND CELL TECHNOLOGIES

only after 24 hours of direct contact with cells, but also
under prolonged direct contact with cells for 72 hours.
The obtained results suggest that for effective wa-
shing from cytotoxic surfactant residues, DPLS treatment
should be performed for 8 hours at 35 °C temperature,
sc-CO, feed rate of 2.5 ml/min and a pressure of 300 bar
in an atmosphere of pure carbon dioxide. A similar result
can be achieved by treatment at a pressure of 150 bar

with the addition of a polarity modifier (ethanol) to the
supercritical fluid.

Methods of decellularization under the influence of
detergents [12—15] involve a long (at least 72 hours)
washing of obtained scaffolds from cytotoxic surfac-
tants, which increases the risk of washing out significant
amounts of bioactive molecules (glycosaminoglycans
and cytokines) that play an important role in scaffold
recellularization.

Table 2

Cytotoxicity of tissue-specific scaffold (sc-CO, feed rate 2.5 mL/min)

Ethanol | Pressure, bar | Time, hour Cytotoxicity
1 Control (without sc-CO, treatment) Severes (4)
2 — 150 8 Mild (2)
3 — 150 24 Insignificant (1)
4 10% 150 8 None (0)
5 10% 150 24 None (0)
6 — 300 8 None (0)
7 — 300 24 None (0)
8 10% 300 8 None (0)
9 10% 300 24 None (0)

90
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The use of SCF treatment can reduce to 24 hours the
time of surfactant removal in an aqueous medium.

To reveal the effect of cytotoxic residues on cell pro-
liferative activity, an additional study was performed
using interactive optical system IncuCyte Zoom, which
allows real-time recording of changes in cell proliferative
activity in the presence of scaffolds.

For this study, samples were selected that demonstra-
ted the absence of cytotoxic effect using the evaluation
scale and were obtained under the same sc-CO, treat-
ment conditions: feed rate 2.5 ml/min, pressure 300 bar
(Table 2, samples 6-9).

A marked decrease in NIH 3T3 proliferative activi-
ty was observed immediately after the introduction of
samples (20 hours after seeding the cells on the culture
plate) in the case of sc-CO,-treated samples without the
addition of ethanol (Fig. 3). At the same time, ethanol-

treated scaffolds did not induce a decrease in cell proli-
feration compared to the control (cells on culture plate.

Microscopic examination carried out after the end of
the experiment to study the growth of NIH 3T3 in the
presence of sc-CO,-treated DPLS scaffolds in different
regimens (Fig. 4) confirmed the absence of any signs
of negative effects on cells (lysis, scoring), which once
again confirms the conclusion made earlier that the sam-
ples studied have no cytotoxicity. However, the decrease
in the proliferative activity of cells detected in contact
with sc-CO,-treated scaffolds without the addition of
ethanol suggests the presence of a cytostatic effect in
this case.

FMPCP scaffolds treated under conditions that are
optimal for enhancing the biocompatibility of porcine
liver scaffolds (sc-CO, 2.5 ml/min with the addition of
ethanol; 35 °C; 300 bar; 8 hours) also showed no cyto-
toxicity (level 0). Meanwhile, the presence of decellu-

Fig. 4. Cell populations after 48 hours of culturing NIH 3T3 in the presence of sc-CO,-treated PLS matrices (300 bar, 35 °C,
2.5 mL/min). a) sc-CO,, 8 hours; b) sc-CO,, 24 hours; ¢) sc-CO, + ethanol, 8 hours; d) sc-CO, + ethanol, 24 hours. 100x
magnification
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Fig. 5. Growth curve of NIH 3T3 cells on the surface of cul-
ture plate in the absence (a) and presence (b) of FMPCP ma-
trices treated with supercritical fluids in the optimal mode
(sc-CO, 2.5 mL/min + ethanol, 300 bar, 35 °C, 8 hours)

larized fine cartilage particles not only has no cytostatic
effect on human adipose tissue-derived mesenchymal
stem cells (Ad-MSCs), but also demonstrates a stimu-
lating effect on cell proliferation (Fig. 5): the time for
the confluent monolayer level to rise to 80% in the pre-
sence of decellularized cartilage particles is noticeably
shorter. Probably, the reason for this is the presence of
signaling molecules in the decellularized cartilage mat-
rix that accelerate Ad-MSC adhesion and proliferation,
which coincides with experimental results described in
reports [30].

Thus, from the point of view of suppression of both
cytotoxic and cytostatic effect of tissue-specific matrices
after decellularization using detergents, SCF treatment
regimens based on carbon dioxide containing ethanol
additives are therefore optimal. In our opinion, the re-
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ason for this is that both non-ionic (Triton X-100) and
ionic (SDS) detergents are present in the composition
of the decellularizing solution. Supercritical carbon di-
oxide is a nonpolar solvent whose efficiency, in terms
of removing polar surfactant, is sufficient to eliminate
cytotoxic effect, but not sufficient to suppress cytostatic
effect. Addition of polar ethanol (polarity modifier) can
reduce the SDS content to levels that are not capable of
exerting a cytostatic effect.

CONCLUSION

Sc-CO, treatment is an effective way of enhancing
the biocompatibility of three-dimensional porous mat-
rices obtained using cytotoxic substances: bifunctional
cross-linking agents for biopolymer scaffolds and surfac-
tants, in the case of tissue-specific matrices FMPCP and
DPLSs. Adding ethanol as a polarity modifier improves
the treatment efficiency by eliminating both cytotoxic
and cytostatic effects.

The work was supported by a grant (No. 21-15-
00251) from the Russian Science Foundation.
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Introduction. Immunomodulator Galavit® is a promising domestic drug for the prevention and treatment of various
infectious diseases. Earlier, the authors have developed and investigated in vitro its new dosage form — transder-
mal therapeutic system (TTS). Positive results from experiments made it possible to proceed to the study of the
pharmacokinetic parameters of Galavit® TTS in animals. Objective: to compare the pharmacokinetic parameters
of intramuscular and transdermal administration of immunomodulator Galavit” in animal experiments. Materials
and methods. Sodium aminodihydrophthalazinedione was used as a substance in the form of a powder to prepare
a solution for intramuscular administration of 100 mg (trade name Galavit®, manufacturer SELVIM LLC). The
pharmacokinetics of transdermal and intramuscular injections were studied in male Chinchilla rabbits weighing
4.5-5.0 kg. Serum sodium aminodihydrophthalazinedione concentrations in animals were determined by high-
performance liquid chromatography using a specially developed technique. Results. In contrast to the injection
method, a prolonged and uniform inflow of the drug substance (MP) into the body is observed for percutaneous
administration of sodium aminodihydrophthalazinedione. The maximum serum Galavit® concentration for a
40 mg dose (0.172 £+ 0.054 ng/mL) and for a 80 mg dose (1.16 £ 0.22 pg/mL) remained at a constant level for
9 and 8 hours, respectively. The relative bioavailability of the Galavit® transdermal therapeutic system was 0.65
and 1.06 for the same doses. Conclusion. Application of Galavit® 80 mg transdermal therapeutic system provides
bioavailability that is similar to the intramuscular administration of this drug at the same dose. At the same time,
its maximum serum concentration significantly decreases and the retention time of Galavit® in the body increases
by more than 10 times, which can contribute to prolongation of the drug effect. Due to the current growing interest
in the use of immunomodulator Galavit® for coronavirus infection COVID-19, the development and study of a
new dosage form is a promising task.

Keywords: transdermal therapeutic system, sodium aminodihydrophthalazinedione, immunomodulator,
pharmacokinetics.

INTRODUCTION

Over the past decades, scientific research in the de-
velopment and implementation of highly active and
competitive dosage forms in medical practice has been
intensifying. More attention is being directed towards
new systems and means for delivering medicinal subs-
tances with improved biopharmaceutical characteristics
that increase therapeutic efficacy, tolerability and safety
of drug therapy [1, 2]. One of these areas is the creation
of transdermal therapeutic systems (TTS) — controlled-
release dosage forms designed to continuously deliver
the drugs they contain through intact skin into systemic
circulation for a long (limited only by medical indica-
tions) time at a predetermined rate. The use of TTS in-
creases the bioavailability of drugs, and also excludes
the shortcomings of other methods by which it can be
administered [3, 4].

Currently, the legitimacy and effectiveness of the use
of immunotropic drugs that activate innate and adaptive
immune systems for preventing and treating infectious
diseases and a number of other diseases is widely dis-
cussed in the medical scientific literature [5].

A representative of this group of drugs is Russian
synthetic drug Galavit® (aminodihydrophthalazinedione
sodium is the active ingredient), which has immunomo-
dulatory and pronounced anti-inflammatory properties.

Numerous studies have confirmed the efficacy of this
drug in the complex immunocorrective therapy of pati-
ents with viral and bacterial pyoinflammatory diseases
[6, 7]. For example, sodium aminodihydrophthalazine-
dione has been shown to reduce the severity of catarrhal
and intoxication syndromes and significantly reduce du-
ration in influenza diseases [8]. According to another
study, this drug reduces the frequency and duration of
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infection, it reduces the need for antibiotic therapy and
normalizes the immune status in children with frequent
acute respiratory viral infection [9].

The authors have previously developed and inves-
tigated in vitro a transdermal therapeutic system [10,
11] containing sodium aminodihydrophthalazinedione.
The results of the experiments showed the fundamental
possibility of transdermal drug transfer, which made
it possible to proceed to the study of TTS Galavit® in
animals in vivo.

Creation of dosage forms includes a number of man-
datory steps, one of which is the study of pharmacokine-
tics. An experimental study of the pharmacokinetic pa-
rameters of a drug allows one to predict the plasma drug
concentration, choose an approximate dosing regimen,
which is then adjusted during clinical trials [12]. Various
methods can be used to determine the plasma drug con-
centration, which reliably monitor the concentration of
a pharmacological agent under the selected conditions
of a pharmacokinetic experiment and meet the general
requirements of selectivity, accuracy, and reproducibility.
The most commonly used method is high-performance
liquid chromatography (HPLC) [13-15].

The objective of this work is to compare the phar-
macokinetic parameters of intramuscular and transder-
mal administration of the immunomodulator Galavit” in
animal experiments.

MATERIALS AND METHODS

Materials

The substance was sodium aminodihydrophthalazi-
nedione in the form of a powder for preparing a solution
for intramuscular administration of 100 mg (trade name
Galavit®, manufacturer SELVIM LLC). Its molecular
weight is 206 Da.

In the manufacture of laboratory samples of Galavit®,
auxiliary substances and materials approved for medical
use, and which meets the requirements of the current
regulatory documentation were used.

The microemulsion composition with Galavit®
included the following components: purified wa-
ter (FS.2.2.0019.18), 0.9% sodium chloride solution
(ESCOM, Russia), sodium dodecyl sulfate (AppliChem
Panreac, Spain), apricot kernel oil (Desert Whale Jojoba
Company Ltd., USA), a-tocopherol acetate (BASF SE,
Germany), docusate sodium (Sigma, USA), Decaglyn
PR-20 emulsifier (Nikko Chemicals Co., Ltd, Japan).

To create TTS Galavit®, the following components
were selected: elastic microspongy material Foam tape
9773 (3M, USA), sorbent base PALV-01 (Palma Group
of Companies, Russia), and Skotchpak 9730 film (3M,
USA).

The following reagents were also used: sodium citrate
(NPO RENAM, Russia), potassium phosphate 2-subs-
tituted, 3-water (Panreac, Spain), potassium phosphate
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1-substituted (PCGroup, Russia), potassium hydroxide
(Panreac, Spain), acetonitrile for chromatography (Pan-
reac, Spain), trifluoroacetic acid (Merck, Germany), sy-
ringe filters (celluloseacetate, 0.45 um, 25 mm, Agilent
Technologies, Germany).

Equipment

Equipment used: disperser Heidolph DIAX 900 (Ger-
many), ultrasonic homogenizer HeilscherUIS250V, ana-
lytical balance (GH-200 AND, Japan), centrifuge Hettich
Rotina 38R (Germany), liquid chromatograph Agilent
1200 (Agilent Technologies, USA), equipped with UV
detector, autosampler, degasser and column oven.

Methodology for pharmacokinetic study

of Galavit® with intramuscular administration
and with the use of transdermal therapeutic
system

The study of the pharmacokinetics of sodium amino-
dihydrophthalazinedione with transdermal and intramu-
scular administration was performed on male Chinchilla
rabbits weighing 4.5-5.0 kg.

The rabbits were obtained from the laboratory ani-
mal nursery belonging to Krolinfo Ltd. The producer
provided a veterinary certificate for the latest animal
health control. All experimental animals were bred on
purpose and had not previously participated in a study.
Quarantine period was 14 days. All manipulations with
the animals were carried out in accordance with the rules
adopted by the European Convention for the Protection
of Vertebrate Animals Used for Experimental and other
Scientific Purposes (ETS 123) Strasbourg, 1986).

The plasma concentration of sodium aminodihy-
drophthalazindione in rabbits during transdermal and
intramuscular injections was studied according to the
developed design. The animals were divided into four
groups of 3 animals each. The first and second groups
were injected once intramuscularly in doses of 40 and
80 mg; in the third and fourth groups, percutaneous ad-
ministration of Galavit” in the same doses was studied.

TTS was applied to a pre-shaved area of the back skin
at the base of the neck. The drug was glued to healthy
skin no earlier than a day after the hair removal proce-
dure.

Blood sampling of animals was performed before the
drug was administered, as well as at discrete time inter-
vals from the marginal ear vein into test tubes with 3.8%
sodium citrate solution. Blood sampling times for TTS
were 1,2,4,6,12, 15, 18, 20 and 24 hours of application.
For the injectable form of the immunomodulator — 3,
6, 10, 20, 30, 40, 50 minutes, 1, 2, 3, 4, 5, 6, 7 hours
after drug administration. Test tubes were centrifuged
for 5 minutes at 1500 rpm, then plasma was carefully
collected. The plasma levels of sodium aminodihydro-
phthalazinedione in the rabbits was measured by high-
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performance liquid chromatography using a specially
developed technique.

HPLC technique for quantifying
plasma concentration of sodium
aminodihydrophthalazinedione
in the experimental animals
Sample preparation

Blood plasma was transferred into a 2.0 mL micro-
centrifuge tube and 200 pul of a 50% solution (by volu-
me) of trifluoroacetic acid was added. The mixture was
stirred on a vortex shaker for 2 minutes and centrifuged
at 6000 rpm for 10 minutes. 500 pl of supernatant was
transferred into a 1.5 mL HPLC microvial, 55 pL of
a 50% potassium hydroxide solution (by weight) was
added, and the mixture was stirred.

Chromatographic analysis

Chromatographic determination was performed on an
Agilent 1200 liquid chromatograph under the following
conditions:

Chromatographic column: Mediterranea Sea 18 25 x
0.46 cm, 5 um (Teknokroma Analitica SA, Spain) with
an 8 X 4 mm guard column filled with the same sorbent.

Mobile phase: acetonitrile: 0.015% solution (by vo-
lume) of trifluoroacetic acid, pH = 2.5 (15:85). The mo-
bile phase was pre-filtered and degassed on a vacuum
filtration device.

Mobile phase flow rate: 0.8 mL/min.

Elution mode: isocratic.

Column oven temperature: 25 °C.

Injected sample volume: 10 pL.

Detection: 221 nm.

Chromatography time: 16 min

Retention time: about 11.7 minutes.

Chromatograms were registered and processed using
the ChemStation software (Agilent, USA). Results were
statistically processed using Microsoft Office Excel 2003
software.

Lower limit of Galavit® quantification: 50.0 ng/mL.

Linearity range of the method: 50.0-2000 ng/mL.

Calculation of pharmacokinetic parameters

The pharmacokinetic method of study allows one to
give a number of quantitative characteristics to absorp-
tion, metabolism (biotransformation), distribution and
excretion of drugs from the body. For this, the following
parameters were calculated:

—  C,—maximum plasma drug concentration (ug/mL).
— T, —time to reach maximum drug concentration (h).
— AUC - total area under the plasma drug concentra-
tion-time curve from the moment it enters the body
until complete elimination from the body (h-pg/mL).

max

AUMC - total area under the curve of the product of

time and plasma drug concentration from the moment

it enters the body until its complete removal from the
body (h*ug/mL).

— T,, — drug elimination half-life — a period characte-
rizing the rate of drug concentration decrease in the
body fluids and tissues (h).

— MRT — mean residence time of drug in the body (h).

— B — elimination rate constant (h™).

— F — bioavailability. The relative bioavailability was

determined by comparison with the bioavailability

after intramuscular administration and was calculated
using the formula:

AUC(TTS) x D(Injection)
AUC D

where AUC is the area under the kinetic curve, D is

the drug dose.

Pharmacokinetic parameters were estimated by a
model-independent approach.

F=

(Injection) X (TTS)

Statistical processing of results

Results were processed statistically in accordance
with OFS.1.1.0013.15 “Statistical processing of che-
mical experiment results” using Microsoft Office Excel
2010 software. In addition, a two-sided Student’s t-test
was used [16]. Differences were considered statistically
significant at p < 0.05.

RESULTS AND DISCUSSION

A comparative analysis of pharmacokinetic parame-
ters in transdermal and intramuscular injections of im-
munomodulator Galavit” in vivo was carried out.

The averaged pharmacokinetic curves of sodium ami-
nodihydrophthalazinedione with TTC application and
intramuscular injection at 40 mg and 80 mg dose are
shown in Figs. 1 and 2, respectively.

As seen in Fig. 1, with intramuscular injection of
40 mg of sodium aminodihydrophthalazinedione, the
maximum plasma concentration was reached after 10 mi-
nutes and was about 11.6 £ 0.9 ug/mL. At 30 minutes,
there was a sharp 2-fold decrease in the plasma drug
concentration. After 2 hours, it decreased to 0.324 +
0.050 pg/mL, and after 4 hours it was below the quan-
tification limit. With transdermal administration of the
same dose of the drug, the plasma concentration of the
immunomodulator increased slowly. By the fourth hour,
the drug content in the blood was 0.123 + 0.037 pg/mL.
After 6 hours, it reached a maximum level of 0.172 +
0.054 pg/mL and remained constant within the statis-
tical error for the next 9 hours (p > 0.05). Further, we
noted a gradual decrease in the plasma drug levels. By
24 hours of application, plasma concentration of sodi-
um aminodihydrophthalazinedione in the animals was
0.099 + 0.034 pg/mL.
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When the dose of sodium aminodihydrophthalazindi-
one was increased to 80 mg, the maximum plasma drug
level after intramuscular injection increased 2-fold and
was 23.2 = 1.0 pg/mL by 10 minutes (Fig. 2). One hour
after injection, there was a sharp drop to 3.82 +0.42 pg/
mL. After 7 hours, concentration of the immunomodula-
tor was below the quantification level. With percutaneous
administration of Galavit®, the maximum concentration
was 1.16 = 0.22 pg/mL 6 hours after the start of appli-
cation of the transdermal system. Note that from 4 to
12 hours of the study, the plasma drug concentration in
the animals was almost constant (p > 0.05).

14 000 I
12 000
10 000
8000
6000
4000
2000

Concentration, ng/mL

Thus, with percutaneous administration of sodium
aminodihydrophthalazinedione, we observed prolonged
and uniform flow of the drug substance into the blood,
while maintaining its concentration in the blood at a
constant level for 8-9 hours.

Note that with intramuscular administration of im-
munomodulator Galavit®, a 2-fold increase in the dose
resulted in a 2-fold increase in the maximum plasma drug
concentration. In the case of percutaneous administra-
tion, the same two-fold dose change caused a 6.7-fold
increase in the maximum plasma drug level. Such an
increase in the diffusion flux of the drug through the skin,
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& I
T
10 15 20 25
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Fig. 1. Averaged dynamics of the concentration (+c) of sodium aminodihydrophthalazinedione in the blood plasma of ex-
perimental animals with intramuscular and transdermal administration of a 40 mg dose. Differences in point values (O0) are

statistically insignificant (p > 0.05)
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Fig. 2. Averaged dynamics of the concentration (+6) of sodium aminodihydrophthalazinedione in the blood plasma of ex-
perimental animals with intramuscular and transdermal administration of a 80 mg dose. Differences in point values (A) are

statistically insignificant (p > 0.05)
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disproportionate to the increase in the drug content in
TTS Galavit®, should be taken into account when selec-
ting a therapeutic dose in a transdermal form.

The calculated pharmacokinetic parameters of sodi-
um aminodihydrophthalazinedione at a single transder-
mal and intramuscular administration of two different
doses to experimental animals are presented in Table.

Table

Pharmacokinetic parameters of sodium
aminodihydrophthalazinedione in rabbits with
transdermal and intramuscular administration

Parameters Administration route, dose

Transdermal Intramuscular

40mg | 80mg | 40mg | 80 mg

m=3) | @=3) | =3) | @=3)
Coao Hg/mL 0.172 1.155 11.6 23.2
T, D 6 6 0.17 0.17
B, 1/h 0.0702 | 0.1686 2.74 1.81
T, h 9.8 4.6 0.25 0.38
AUC, h-ug/mL 4.7 18.6 7.21 17.54
AUMC, h*ug/mL | 394 187.7 3.98 14.71
MRT, h 8.4 10.1 0.55 0.84

The decrease in sodium aminodihydrophthalazindio-
ne concentration in the blood after the steady-state period
with TTC application was characterized by T, , half-life,
which was approximately 9.8 hours for a 40 mg dose and
4.6 hours for a 80 mg dose. The mean residence time of
drug in the body (MRT) was approximately 8.4 hours
and 10.1 hours for the lower and higher drug content in
the TTS, respectively.

With intramuscular administration of the immunomo-
dulator, the T, ,, half-life was 0.25 hours and 0.38 hours,
and the MRT was 0.55 hours and 0.84 hours for 40 mg
and 80 mg doses.

Analyzing the results obtained, we can conclude that
the use of a transdermal therapeutic system compared
to intramuscular injection increases the mean residence
time of drug in the body by more than 12—15 times. The
half-life also increases by more than 10 times.

The calculated relative bioavailability of Galavit®
transdermal therapeutic system was 0.65 for 40 mg and
1.06 for 80 mg. These results indicate that with an increa-
se in the drug dose, the bioavailability of the transdermal
therapeutic system becomes equal to the bioavailability
of the immunomodulator when administered intramu-
scularly.

CONCLUSION

In the course of this work, the pharmacokinetics of
intramuscular and transdermal administration of sodium
aminodihydrophthalazinedione at 40 mg and 80 mg do-
ses were studied in animals in vivo.

It was shown that application of Galavit® 80 mg trans-
dermal therapeutic system provides a bioavailability that
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is equal to the bioavailability obtainable when this drug
is administered intramuscularly at the same dose. Mean-
while, maximum plasma drug concentration decreases
significantly and its residence time in the body increases
by more than 10 times. This can help in prolonging the
drug effect. Changes in drug concentration in the blood
during application of TTS occurs gradually over several
hours, in contrast to a sharp jump during intramuscular
administration. This is an undisputed advantage of the
Galavit"” transdermal system in the case of long-term use
for prophylaxis and supportive therapy.

It should be noted that at present, there is increased
interest in the use of Galavit® in COVID-19 infection.
Specifically, there was a recent report on the effectiven-
ess of the drug in preventing moderate and severe forms
of COVID-19 among medical workers under high risk of
contracting SARS-COV-2 infection [17]. In this regard,
the authors consider it promising to develop and study
the domestic transdermal dosage form of immunomo-
dulator Galavit®.

The authors declare no conflict of interest.
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EVALUATION OF THE BIOCOMPATIBILITY AND ANTIMICROBIAL
PROPERTIES OF BIODEGRADABLE VASCULAR GRAFTS

OF VARIOUS POLYMER COMPOSITION WITH ATROMBOGENIC
AND ANTIMICROBIAL DRUG COATING

L.V, Antonova', E.O. Krivkina', V.N. Silnikov’, O.V. Gruzdeva', M.A. Rezvova',
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Creation of vascular grafts with atrombogenic and antimicrobial coating is a very important area. Objective: to
evaluate the biocompatibility and antimicrobial properties of biodegradable vascular grafts of various polymer
compositions with atrombogenic and antimicrobial drug coating. Materials and methods. Modification of the
surface of the biodegradable vascular grafts was performed through complexation with polyvinylpyrrolidone, which
was polymerized with polymer scaffold surface by means of ionizing radiation at 10 and 15 kGy. Physical and
mechanical properties, as well as hemocompatibility were evaluated. Bacteriological studies were carried out using
test strains of gram-negative and gram-positive microorganisms: Klebsiella pneumoniae spp. ozaena No. 5055,
Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 25923, Proteus mirabillis ATCC3177, Pseudomonas
aeruginosa. Results. There was no influence of modifying manipulations with ionizing radiation on the physical
and mechanical characteristics of biodegradable prostheses. Vascular grafts with atrombogenic and antimicrobial
coatings exhibited atrombogenic properties upon contact with blood, reducing platelet aggregation by 5—7 times
(p < 0.05). Also decrease in adhesion and platelets deformation index was found on the surface of drug-eluting
scaffolds (for PCL-based prostheses, the latter decreased by 1.9 times relative to unmodified counterparts (p <
0.05), for PHBV/PCL-based prostheses — by 1.3 times relative to unmodified counterparts and 1.5 times relative
to scaffolds with polyvinylpyrrolidone (p < 0.05). Bacteriological studies revealed a local inhibitory effect in the
place where scaffolds with cationic amphiphile were applied on agar. No growth retardation zones were identified.
Polymeric composition of the scaffolds and the used dose of ionizing radiation did not lead to a difference in the
bacteriostatic properties of the scaffolds with amphiphile. Conclusion. A full cycle of surface modification of
biodegradable polymer prostheses based on both PCL and PHBV/PCL composition resulted in significant increase
in the atrombogenic and antimicrobial properties of prostheses and did not worsen the physical-mechanical and
biocompatible properties of the structures being developed.

Keywords: biodegradable polymers, small diameter vascular grafts, atrombogenic drug coating, cationic
amphiphile.

INTRODUCTION

Vascular tissue engineering is one of the promising
modern areas involved in the development of effective
blood vessel prostheses [1]. There are various approaches
to tissue engineering of blood vessels, but all of them are

Widespread use of vascular grafts in medicine has
intensified the need for polymeric materials with anti-
bacterial properties. It is difficult to establish the exact
etiology of prosthetic vascular graft infection, since in
most cases it is multifactorial [2]. Microbial contamina-

aimed at creating a functional vascular implant with a
structure similar to the organization of native artery tissu-
es and demonstrating patency in the long-term postopera-
tive period. The basis of such vascular grafts is artificial
tubular matrix, most often made of biodegradable natural
and/or synthetic polymers with high biocompatibility.
The matrix is a scaffold that is populated by autologous
cells in vitro or in situ.

tion of the prosthetic vascular graft can occur either exo-
genously or endogenously (bacteremia) [3, 4]. Despite
the placement of a sterile prosthetic vascular graft in an
uninfected field, about 20% of them become infected,
increasing the percentage of subsequent graft occlusi-
on to 27% [5]. These circumstances require additional
antimicrobial and anti-thrombogenic protection of the
vascular graft surface.
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Pathogenic microbial adhesion to the surfaces with
subsequent cell growth and colonization leads to biofilm
formation with high resistance to antibiotics and host
defense mechanisms [6, 7], which in clinical practice
leads to the need for prosthesis replacement. This crea-
tes inconvenience and increases the risk for the patient.
The most effective way to prevent biofilm formation on
the surface of the prosthetic material is to prevent the
adhesion of bacterial cells at the initial stage of infection
of the prosthetic material. This can be achieved by repla-
cing conventional prosthetic materials with antimicrobial
biocompatible polymers [8, 9].

In combination with the general problems of decrea-
sing effectiveness of antibacterial drugs due to the emer-
gence of multidrug-resistant bacteria, the development of
a prosthetic vascular graft with high antibacterial activity
and low probability of inducing drug resistance becomes
extremely urgent. A way out of this situation can be the
approach of introducing an antibacterial drug directly
into the prosthesis structure. On one hand, this approach
solves the problem of local drug delivery and, on the
other hand, ensures the effect of the drug on microorga-
nisms before they form biofilms.

Over the past decade, hydrogels, three-dimensional
polymeric networks obtained from water-soluble or bio-
degradable natural or synthetic polymers in which the an-
tibacterial agent is bound to the polymer matrix through
non-covalent interactions, have been widely used for
drug delivery and prolonged release of drugs [10].

The most attractive compounds with antimicrobial ac-
tivity to which microorganisms do not develop resistance
are cationic amphiphiles (CAms) — molecules with one or
more positively charged groups and lipophilic fragments
[11, 12]. These compounds are synthetic analogues of
naturally occurring cationic antimicrobials: they can also
disrupt transmembrane potential, cause leakage of cyto-
plasmic contents and, ultimately, cell death [13]. Most
of these compounds are highly effective against both
Gram-positive and Gram-negative bacteria (including
antibiotic-resistant strains), along with good selectivity
in respect of mammalian cells. The possibility of obtai-
ning amphiphiles that destroy bacterial membranes and,
at the same time, have other bacterial targets significantly
reduces the likelihood of resistance to such compounds.
The high stability of these compounds, including in phy-
siological fluids, combined with the low cost of their
synthesis, makes these compounds the most promising
candidates for the role of low molecular weight modifiers
of polymeric materials with antibacterial properties.

The creation of a tissue-engineered vascular graft
with a highly porous wall is extremely important for the
full migration of cells into the prosthesis wall from the
bloodstream and surrounding tissues and subsequent cell
proliferation and differentiation in the vascular direction.
However, a prosthetic graft with such surface architecto-
nics is certainly capable of provoking thrombus formati-

on. Therefore, additional modification of the surface of
tissue-engineered highly porous small-diameter vascular
grafts with drugs with antiaggregant and anticoagulant
activity can prevent the initiation of thrombosis after
implantation of such prostheses into the vascular bed.
The aim of the study was to evaluate the biocompa-
tibility and antimicrobial properties of biodegradable
vascular grafts of various polymer compositions with
anti-thrombogenic and antimicrobial drug coating.

MATERIALS AND METHODS

Fabrication of biodegradable vascular grafts

Two varieties of 4 mm diameter polymeric tubular
scaffolds were made by electrospinning: from 12%
poly(e-caprolactone) solution, (PCL; Sigma-Aldrich,
USA) and from a polymer composition of 2% poly(3-hy-
droxybutyrate-co-3-hydroxyvalerate) solution, (PHBYV,
Sigma-Aldrich) and 12% poly(e-caprolactone) solution,
(PCL, Sigma-Aldrich) at 1:2 ratio. 1,1,1,3,3,3-hexaflu-
oro-2-propanol (Sigma-Aldrich, USA) was used as a
solvent. Electrospinning was performed on a Nanon-
01A device (MECC, Japan). The following mode was
selected for PCL-based graft fabrication: needle voltage
22 kV, polymer solution feed rate 0.5 mL/h, manifold ro-
tation speed 1000 rpm, needle movement speed 60 mm/s,
distance from the needle to the winding manifold 15 cm.
For PHBV/PCL-based prosthetic grafts, the following
mode was used: needle voltage 20 kV, polymer solution
feed rate 0.5 mL/h, manifold rotation speed 1000 rpm,
needle movement speed 60 mm/s, distance from needle
to winding manifold 15 cm.

Formation of an anti-thrombogenic coating
on the surface of biodegradable vascular
graft

Additional modification of the surface of PCL- and
PHBV/PCL-based grafts to increase thromboresistance
was carried out according to our own original tech-
nique [14]. Hydrogel coating on the inner surface of
the polymer graft was formed using radiation-induced
graft polymerization. For this purpose, 4 mm-diameter
PCL- and PHBV/PCL-based grafts were immersed for
30 minutes in a 5% solution of polyvinylpyrrolidone
(PVP, K 90; PanReac AppliChem, Germany) in ethyl
alcohol with complete filling of the graft inner channel.
Next, the grafts were removed from the solution and
dried horizontally for 24 hours in air at room tempe-
rature. For PVP-based grafting to the graft surface, the
products were placed in glass tubes that were filled with
inert argon gas, sealed with paraphilm, and irradiated
with ionizing radiation in two different modes (with a
total absorbed dose of 10 and 15 kGy) using a pulsed
linear gas pedal ILU-10 with 5 MeV 50 kW beam energy
(Budker Institute of Nuclear Physics, Russia). Thus, the
vascular grafts were sterilized simultaneously with the
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modification; therefore, further manipulations to form
the drug coating were carried out under sterile condi-
tions. Non-grafted polymer was washed with injection
water for 60 minutes. The grafting quality was evaluated
by attenuated total reflectance spectroscopy of the inner
surface of the modified grafts on a Bruker Vertex 80v
(Germany) instrument with an ATR attachment (Germa-
ny) in 4000-500 cm™' spectral range.

To create a drug coating, two substances were cho-
sen — iloprost and cationic amphiphile 1,5-bis-(4-tet-
radecyl-1,4-diazoniabicyclo[2.2.2]octan-1-yl)pentane
tetrabromide without additional reactive groups.

Illoprost (Ilo, Bayer, Germany) is a drug registered in
the Russian Federation and approved for medical use.
It is a synthetic analog of prostacyclin, inhibits plate-
let aggregation, adhesion and release reaction; restores
impaired microcirculation by induction of vasodilation,
inhibition of platelet activation, activation of fibrinolysis,
endothelial repair and protection; inhibits adhesion and
migration of white blood cells after endothelial damage.

Cationic amphiphiles (A) in general, and 1,5-bis-(4-
tetradecyl-1,4-diazoniabicyclo[2.2.2]octan-1-yl)penta-
ne tetrabromide (Nano Tech-C, Russia) in particular,
possess ribonuclease activity and, consequently, high
antibacterial and antiviral activity [15—-17]. An additional
argument in favor of choosing this compound is the fact
that it has passed all the necessary tests and is used in
veterinary medicine as antiviral drug Triviject (Trionis-
Vet LLC, Russia) in the form of an injection solution.

Cationic amphiphile, 1,5-bis-(4-tetradecyl-1,4-dia-
zoniabicyclo[2.2.2]octan-1-yl)pentane tetrabromide wi-
thout additional reactive groups (compound 3, Fig. 1),
was synthesized as described earlier [16]. The nuclear
magnetic resonance (1H NMR) spectrum of the obtained
compound (3) is consistent with the literature data [16].

Addition of iloprost and cationic amphiphile 1,5-bis-
(4-tetradecyl-1,4-diazoniabicyclo[2.2.2]octan-1-yl)pen-
tane tetrabromide to the hydrogel coating was performed
by complexation. A sterile modifying solution containing
cationic amphiphile (A) at 0.25 mg/mL concentration

was prepared. For this purpose, 0.025 g of amphiphile
1,5-bis-(4-tetradecyl-1,4-diazoniabicyclo[2.2.2]octan-
1-yl)pentane tetrabromide was dissolved in 1 to 2 mL
of methanol. The resulting solution was slowly added
to a flask with sterile water for injection while stirring
and the volume was brought to 98 mL. After that, 2 mL
of iloprost (Ilo) was added to the solution at 20 ug per
100 mL (0.2 pg/mL). To attach the drugs to the PVP coa-
ting, the vascular grafts were incubated in the modifying
solution containing the drugs for 30 minutes. Then, the
finished PCL/PVP/Ilo/A and PHBV/PCL/PVP/Ilo/A va-
scular grafts were air-dried under sterile conditions and
placed in sterile storage containers.

PCL and PHBV/PCL samples were unmodified con-
trols; PCL/PVP and PHBV/PCL/PVP samples exposed
to 10 kGy and 15 kGy of ionizing radiation were used
as comparison groups. All work was carried out inside a
sterile box. The list of experimental and control groups
is presented in Table 1.

Table 1
Types of polymer samples

Name of samples
PHBV/PCL
PHBV/PCL/PVP-10 kGy
PHBV/PCL/PVP-15 kGy
PHBV/PCL/PVP/llo/A-10 kGy
PHBV/PCL/PVP/llo/A-15 kGy

PCL
PCL/PVP-10 kGy
PCL/PVP-15 kGy

PCL/PVP/llo/A-10 kGy
PCL/PVP/Ilo/A-15 kGy

Assessment of physical and mechanical
properties

The mechanical properties of the biodegradable vas-
cular grafts before and after additional anti-thrombogenic
drug coating were evaluated under uniaxial tension on a
Z-series universal testing machine (Zwick/Roell) using
a transducer with 50 N nominal force. The crosshead
movement speed during the test was 50 mm/min. The
ultimate tensile strength of the material was estimated as
the maximum tensile stress (MPa) prior to failure. The

Br/ \  Br-
N+ N+_ C14H29

N

/ \ C14H29Br / \ Br- C5H10Br2
N ) — . N N*—C,H IE— .
N / ~ / 1441429
€)) (2) Br/ \ Br

N+. /N+_C14H29

3)

Fig. 1. Synthesis scheme for 1,5-bis-(4-tetradecyl-1,4-diazoniabicyclo[2.2.2]octan-1-yl)pentane tetrabromide
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stress-strain properties of the material were evaluated by
the relative elongation before failure (%) and Young’s
modulus (MPa), which was determined in the physio-
logical pressure range (80 to 120 mmHg). Intact sheep
carotid artery was used as the control.

Hemocompatibility assessment
Erythrocyte hemolysis

Hemolysis of erythrocytes after contact with the
surface of polymeric samples was studied according to
the ISO 10993.4 standard. Fresh donor blood was used,
to which sodium citrate 3.8% was added in a 1:9 ratio
(citrate:blood). 25 cm® polymer samples of 5 pieces for
each type of material were placed in weighing bottles
containing 10 mL of saline. The weighing bottles were
incubated in the thermostat at 37 °C for 120 minutes.
Saline and distilled water were used as positive and ne-
gative controls, respectively. Two hours after incubation,
200 pL of citrate blood was added to each weighing
bottle and placed again in the thermostat for 60 min at
37 °C. After incubation, polymer samples were removed
from the weighing bottles into appropriate tubes and
centrifuged for 10 minutes at 2800 rpm to precipitate
erythrocytes. The optical density of the obtained solu-
tions was measured on a GENESY'S 6 spectrophotometer
(Thermo SCIENTIFIC, USA) at 545 nm.

The degree of hemolysis (H) in % was calculated
using the formula [18, 19]:

H (%) =22 100%
Dpe - Dne ’

where, D, is the optical density of the sample incubated

with the test material, D, is the optical density of positive

control, and D, is the optical density of the sample after

100% hemolysis.

The mean optical density when measuring saline with
blood (positive control), equal to 0, was taken as com-
plete absence of hemolysis. The mean optical density of
the device when measuring distilled water with blood
(negative control), which was 0.279, was taken as 100%
hemolysis.

Platelet aggregation

The study was performed according to the ISO
10993.4 standard. Fresh donor blood was used, to
which sodium citrate 3.8% was added in a 1:9 ratio
(citrate:blood). To obtain platelet-rich plasma (PRP),
blood was centrifuged for 10 minutes at 1000 rpm.
Platelet-poor plasma (PPP) was obtained by repeated
centrifugation of PRP for 20 minutes at 4000 rpm. The
PPP was used to calibrate the instrument. Intact PRP
served as a positive control. Measurements were taken
spontaneously without aggregation inducers. Ca™ ion
level was restored in citrated blood using CaCl, solution
with 0.025 M molecular mass, after which the measure-

ments were taken. The sample/reagent ratio was 250 pLL
of PRP + 25 puL of CaCl,. The time of contact of the
tested samples with PRP was 3 minutes. Measurement
of maximum platelet aggregation was performed on a
semi-automatic platelet aggregation analyzer “APAST
4004” (LABiTec, Germany).

Platelet adhesion

Samples of 0.5 cm” polymer matrices (n = 2) were
incubated for 2 hours at 37 °C in 300 pL of PRP obtained
from fresh citrated donor blood when centrifuged for
10 minutes at 1200 rpm. The samples were then washed
with phosphate-buffered saline (PBS) (pH — 7.4) to re-
move non-adherent plasma components. The samples
were then fixed in a 2% glutaraldehyde solution for
24 hours, washed with PBS, and dehydrated in a series of
alcohols of ascending concentration from 30% to 100%
for 15 minutes each, followed by drying at room tempe-
rature. The samples were then mounted on special tables
using carbon tape and a conductive (Au/Pd) coating was
formed on their surface using an EM ACE200 vacuum
unit (Leica Mikrosysteme GmbH, Austria). We used the
8 most characteristic fields selected at random for the
analysis. The adhesive ability of the material surface
was evaluated by the number of platelets per 1 mm’, by
the predominance of platelet type on the surface, and by
their deformation index (DI), which was calculated using
the formula [18-20]:

DI = (Type I count x 1 + Type Il count % 2 + Type III
count x 3 + Type IV count x 4 + Type V count x 5) /
total platelet count

Types of platelets depending on activation:

I Disc-shaped platelet, no deformity;

I Platelet is enlarged with the rudiments of pseudopodia
in the form of protrusions;

111 Platelet significantly enlarged, irregularly shaped,
with pronounced pseudopodia, platelets tend to ac-
cumulate into larger conglomerates;

IV Proliferated platelet, cytoplasm proliferating between
the pseudopodia;

V Platelet in the form of a stain with granules, due to
proliferation of cytoplasm, the pseudopodia cannot
be identified.

Bacteriological examinations

The following microbial strains were used for bacte-
riological examination: Klebsiella pneumonia spp. ozae-
na 5055, Escherichia coli ATCC 25922, Staphylococcus
aureus ATCC 25923, Proteus mirabillis ATCC3177,
Pseudomonas aeruginosa ATCC27853. These microor-
ganisms were chosen for the experiment because they are
the most common in infectious complications in cardiac
surgery. Sensitivity of control microbial strains to the
polymer matrices under study was measured using a
disk-diffusion method to assess the sensitivity of bacteria
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to cationic amphiphile (A) introduced into the matrix by
complexation with PVP at 0.25 mg/mL concentration.
Microbial suspension was prepared by direct suspension
of the colonies in sterile isotonic solution to a 0.5 den-
sity according to the McFarland turbidity standards. No
later than 60 minutes later, the bacterial suspension was
applied to agar plates by stroking in three directions over
the entire agar surface so that the strokes could adhere
tightly to each other. The polymer matrix discs were
spread no later than 15 minutes after inoculation of the
plates. The plates were incubated in the thermostat at
35-36 °C for 24-48 hours.

Statistical analysis

Data were statistically processed using the Prism 7
software (GraphPad, USA). The nature of distribution in
the samples was assessed using the Kolmogorov—Smir-
nov test. Data were presented as median and percentiles
(Me, 25-75%). Kruskal-Wallis H test with FDR cor-
rection was used for multiple comparisons; differences
were considered significant at significance level p <0.05.

RESULTS

Results of graft polymerization
of polyvinylpyrrolidone

In the IR spectra of PVP-modified and unmodified
PHBV/PCL matrices, there were bands of C=0O (ether
carbonyl) stretching vibrations at 1724 cm™', C-O stretch
bands were observed at 1278 and 1054 ¢cm™', (Fig. 2),
[21]. In the spectra of all samples under study, we also
observed low intensity bands at 2942 cm™ and 2865 cm™
!, corresponding to asymmetric vibrations of the methy-
lene-oxygen group (CH,—O) and symmetric vibrations of
the methylene group (CH,-), respectively, (Fig. 2) [22].
In contrast to unmodified samples, the spectra of PVP-
modified matrices contained a 1654 cm™' band related
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to the carbonyl amide group of the pyrrolidine ring [23],
indicating grafting of the polymer to the surface of the
vascular graft (Fig. 2). The absence of changes in the po-
sition and intensity of characteristic bands in the infrared
spectrum of PHBV/PCL indicates an insignificant effect
of modification conditions, in particular, ionizing radi-
ation on the structure of the material. A similar picture
was obtained in the study of PCL-based polymer vessels.

Physical and mechanical properties

Assessment of the long-term permeability of the de-
veloped prosthetic vascular grafts under is planned to be
performed on a sheep model. Therefore, in the process
of studying the physical and mechanical properties of
the prostheses, the sheep carotid artery was chosen as
an additional comparison group.

The procedure of polymerization of intermediate PVP
polymer with PCL-based matrix surface using ionizing
radiation at 10 and 15 kGy decreased the strength limit
by 1.6 times (p <0.05) and slightly increased the Young’s
modulus of these matrices (Table 2).

Meanwhile, modification of PHBV/PCL matrices by
PVP had no effect on their strength properties but resul-
ted in a 1.9-fold increase in Young’s modulus (p <0.05).
Subsequent modification with amphiphile and iloprost
by complexation did not affect the strength index of the
PVP-modified PCL matrices, but decreased the stiffness
of the PHBV/PCL matrices acquired during polymeriza-
tion with PVP. Thus, the procedure for forming a drug
coating on the surface of PHBV/PCL and PCL vascular
grafts involving ionizing radiation did not result in a
significant change in the physical and mechanical cha-
racteristics of the grafts.
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Fig. 2. IR spectra of PVP-modified and unmodified inner surface of a polymer vascular graft using PHBV/PCL as an example
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Hemocompatible properties

The study of platelet aggregation activity revealed
that there are statistically significant differences between
intact PRP and all the matrix groups studied (Table 3).

When comparing the two types of unmodified ma-
trices PHBV/PCL and PCL, no significant differences
were found. Polymerization of the matrix surface with
PVP under 15 kGy ionizing radiation slightly increa-
sed platelet aggregation to the matrix surface (Table 3).
However, subsequent complexation of polymerized PVP
with iloprost and amphiphile decreased platelet aggrega-
tion 6- to 7-fold compared with the results of intact PRP
(Table 3; p < 0.05). This significant decrease in platelet
aggregation appears to be related to the action of iloprost.
The presence of amphiphile at a 0.25 mg/mL dose did
not result in significant increase in platelet aggregation.

Hemolysis of erythrocytes did not exceed the permis-
sible 2% when erythrocytes came into contact with the

surface of all matrix varieties (Table 3). There were no
significant differences between the groups either.

Platelet adhesion

After contact of unmodified matrices PHBV/PCL and
PCL with intact PRP, platelet count on the surface of
PCL matrices was 3 times higher than on the PHBV/PCL
surface (Table 4, Fig. 3, Fig. 4). Type II and III platelets
predominated on unmodified matrices. However, plate-
let DI after contact with the PCL surface was 1.4 times
higher (p < 0.05) than that of platelets contacting the
surface of PHBV/PCL matrices (Table 4).

After polymerization of the surface of PCL-based
matrixes with PVP at radiation dose of 10 and 15 kGy,
no significant changes in the degree of platelet adhesi-
on relative to unmodified PCL matrices were observed
(Table 4, Fig. 3). However, the increase in the proportion
of type IV platelets using 15 kGy radiation is noteworthy.

Table 2

Mechanical properties of polymer tubular scaffolds before and after modification in comparison
with sheep carotid artery

Sample type n Tension, MPa Relative extension, % Young’s modulus, MPa
Sheep carotid artery 14 1.2 (1.06-1.9) 158.5 (126.0-169.5) 0.49 (0.39-0.66)
PHBV/PCL 7 3.99 (3.71-4.23)° 1438.0 (1403.0-1510.0)° 11.52 (10.66-12.21)"
PCL 7 5.84 (5.56-6.13)° 1391.0 (1350.0-1413.0)° 9.33 (9.23-9.55)°
PHBV/PCL/PVP-10 kGy 7 3.74 (3.5-3.83)° 1302.0 (1234.0-1360.0)* * 22.39 (21.59-23.71)*°
PHBV/PCL/PVP-15 kGy 7 3.61 (3.23-4.01)* 1202.0 (1120.0-1298.0)* * 19.8 (18.23-20.9)**
PCL/PVP-10 kGy 7 3.56 (3.51-3.7)*° 1297.0 (1258.0-1342.0)* * 10.66 (10.37-11.01)**
PCL/PVP-15 kGy 7 | 3.75(3.484.01)** 1183.0 (1157.0-1215.0)*° 12.86 (11.86-14.06)* *
PHBV/PCL/PVP/Ilo/A-10 kGy 7 3.57 (3.28-3.93)° 1258.0 (1200.0-1392.0)* * 15.24 (14.78-15.84)* °
PHBV/PCL/PVP/llo/A-15 kGy 7 3.89 (3.88-3.99)° 1364.0 (1343.0-1393.0)* * 14.55 (13.22-15.24)**
PCL/PVP/1lo/A-10 kGy 7 | 3.77 (3.66-3.87)*° 1421.0 (1380.0-1467.0)" * 9.54 (9.43-9.76)° *
PCL/PVP/llo/A-15 kGy 7 4.02 (3.8-4.18)** 1454.0 (1433.0-1458.0)*** | 10.15 (9.82-10.57)***

* —p < 0.05 relative to PHBV/PCL or PCL; * — p < 0.05 relative to the sheep carotid artery; * — p < 0.05 relative to 15 kGy
PHBV/PCL-PVP radiation or 15 kGy PCL-PVP radiation.

Table 3
Maximum aggregation of human blood platelets after contact with modified and unmodified polymer
matrices
Sample type Maximum platelet aggregation, % Degree of red blood cell hemolysis, %
Me (25%—75%) Me (25%—75%)
PHBV/PCL 87.23 (83.95-89.84)* 0.504 (0.0-1.01)

PCL

87.23 (83.27-89.35)*

0.504 (0.0-1.01)

PHBV/PCL/PVP-10 kGy

85.8 (84.37-89.03)*

0.704 (0.5-1.01)

PHBV/PCL/PVP-15 kGy 88.53 (86.59-89.37)* 0.2 (0.0-0.5)
PCL/PVP-10 kGy 83.51 (82.68-86.60)* 0.2 (0.0-0.5)
PCL/PVP-15 kGy 90.12 (82.57-90.60)* 0.704 (0.5-1.01)
PHBV/PCL/PVP/Ilo/A-10 kGy 12.1 (11.05-12.78)* ** 0.2 (0.0-0.5)
PHBV/PCL/PVP/Ilo/A-15 kGy 12.18 (11.15-12.24)% ** 0.5 (0.0-0.5)

PCL/PVP/llo/A-10 kGy

10.86 (9.04—11.39)* **

0.504 (0.0-1.01)

PCL/PVP/Ilo/A-15 kGy

10.7 (10.38-17.23)% **

0.404 (0.0-1.01)

Intact platelet-rich plasma (PRP)

74.65 (72.45-75.31)

* —p <0.05 relative to intact PRP; ** —p < 0.05 relative to unmodified PCL and PHBV/PCL matrices.
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Grafting of PVP to the surface of PHBV/PCL ma-
trices increased the degree of platelet adhesion almost
2-fold regardless of the radiation dose used (Table 4,
Fig. 4) with some increase in type [V platelet count when
15 kGy radiation dose was used. However, platelet DI
after polymerization of the matrix surface with PVP did
not undergo significant changes.

Analysis of PCL/PVP/Ilo/A-10 kGy matrix surface
after contact with intact PRP revealed significant decrea-
se in both adhered platelet count and platelets DI relative
to the PCL/PVP-10 kGy matrices — 1.5-fold and 1.7-fold,
respectively (p <0.05). At contact with the surface of the
PCL/PVP/llo/A-15 kGy matrix, the studied parameters
decreased 1.3- and 1.5-fold, respectively.

Formation of an anti-thrombogenic and antimicrobial
drug coating Ilo/A on the surface of PHBV/PCL/PVP-
15 kGy matrices reduced the count of adhered platelets
by 1.5 times and the count of type 111 platelets by 2 times
with prevalence of type I and II platelets on the surface
of PHBV/PCL/PVP/llo/A-10 kGy and PHBV/PCL/PVP/
Ilo/A-15 kGy matrices of type I and Il platelets, which
resulted in a 1.5-fold decrease in platelet DI (p < 0.05).

Results of bacteriological examination

Figs. 5 and 6 present the photos obtained when evalu-
ating the bacteriostatic properties of matrices with diffe-

rent polymer composition, containing cationic amphiphi-
le at a 0.25 mg/mL concentration at radiation doses of 10
and 15 kGy. The bacteriostatic properties of unmodified
matrices were studied in a comparative aspect. It was
found that in all samples containing cationic amphiphi-
le, suppression of the growth of Klebsiella pneumonia
spp. ozaena No. 5055, Escherichia coli ATCC 25922,
Staphylococcus aureus ATCC 25923, Proteus mirabillis
ATCC3177, Pseudomonas aeruginosa ATCC27853 had
local inhibitory effect on the site of matrix application on
agar. No growth retardation zones were detected (Figs. 5
and 6). The polymer composition of the matrices and
the ionizing radiation dose used did not lead to a diffe-
rence in the bacteriostatic properties of the amphiphilic
matrices.

The unmodified matrices had no bacteriostatic effect:
colonies continued to grow at the site where the matrices
were applied (Fig. 5, 6).

In order to check the ability of the matrices to induce
hemolysis of erythrocytes, Mueller—Hinton blood agar
was used (Fig. 7). K. pneumonia does not have hemolytic
properties, so this particular microorganism was chosen.
As aresult, there was no hemolysis both around the ma-
trices and in the area of its location (Fig. 7).

Table 4

Platelet adhesion indicators after contact with polymer matrices PHBV/PCL and PCL depending
on the surface modification variant

Sample type Platelet type, % Platelet count per 1 mm? Strain index
T | m | v ]V Me (25-75%) Me (25-75%)

PHBV/PCL 7.7 | 308 | 538 | 7.7 | 00 (0'05_712'29.0) (o})°_725.9)
PCL 47 | 465 | 419 | 47 | 23 (36,0, 3170.0)" Lo
PHBV/PCL/PVP-10 kGy 490 | 1.0 | 480 | 20 | 00 a. 0_92563{;; oy (0})'5‘; 0
PHBV/PCL/PVP-15 kGy 30 | 273 | 455 | 212 | 3.0 (0.01_2%%30)* (o,})°_921.9)
PCL/PVP-10 kGy 81 | 649 | 162 | 108 | 00 © oy - (0.52;22. 5
PCL/PVP-15 kGy 125 | 255 | 125 | 500 | 00 (84 6.1417—2?>8628.0)“ o o .
PHBV/PCL/PVP/IIo/A-10kGy | 25.0 | 50.0 | 21.6 | 34 | 00 (0_716386'2,0) (0,0—1;’6)**
PHBV/PCL/PVP/IIo/A-15kGy | 12.5 | 62.5 | 188 | 62 | 00 (077113'56' or o o oy
PCL/PVP/llo/A-10 kGy 37 | 560 | 314 | 89 o ety o o N oy
PCL/PVP/Ilo/A-15 kGy 47 | 63 | 71.8 | 172 (0'33;29&2.0) (0.01.23.8)#"

* —p <0.05 relative to the parameters of the PHBV/PCL scaffold; ** — p < 0.05 relative to the parameters of the PHBV/PCL/
PVP-10 kGy matrix; ° — p < 0.05 relative to the parameters of the PHBV/PCL/PVP-15 kGy matrix; * — p < 0.05 relative to the
parameters of the PCL scaffold; “ — p < 0.05 relative to the parameters of the PCL/PVP-10 kGy matrix; * — p < 0.05 relative to

the parameters of the PCL/PVP-15 kGy matrix.
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DISCUSSION not only of binding drugs as a result of complexation,

Surface modification of PCL- and PHBV/PCL-based but also of temporarily (until its complete resorption) oc-

) . ) cupying the pore cavity, which significantly reduces the
biodegradable vascular grafts is done by forminga PVP gk of platelet adhesion to the surface of the graft after

hydrogel coating on their inner surface, which is capable  its implantation into the vascular bed. In addition, the

PCL PCL/PVP-10 kGy

PCL/PVP-15 kGy PCL/PVP/llo/A-10 kGy

Fig. 3. Surface of PCL matrices after contact with platelet-rich plasma, 2000% magnification. Arrows and circles indicate
platelets
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known hydrophilicity of PVP contributes to the reduction  the high rate of desorption of protein molecules, which
of the degree of adhesion of protein molecules and blood  enhances the anti-thrombogenic potential of PVP [24].

cells, in particular, platelets, as well as prevention of con- PVP was sewn onto the surface of biodegradable
formational changes in protein structures. The mobility  grafts using the radiation-induced graft polymerization
of macromolecular chains in hydrogels also determines = method using total absorbed doses of 10 and 15 kGy. At

PHBV/PCL PHBV/PCL/PVP-10 kGy

PHBV/PCL/PVP-15 kGy PHBV/PCL/PVP/llo/A-10 kGy

PHBV/PCL/PVP/Ilo/A-15 kGy

Fig. 4. Surface of PHBV/PCL matrices after contact with platelet-rich plasma, magnification 2000%. Arrows and circles indi-
cate platelets
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the same time, the 15 kGy dose was used to sterilize the
products. However, ionizing radiation can affect biocom-
patibility properties. The use of 15 kGy total absorbed
dose has been shown not to significantly increase platelet
adhesion and deformation, with no significant change

in the physical and mechanical properties of the grafts.
Nevertheless, the subsequent stages of washing and drug
adhesion by complexation neutralized these negative
aspects of ionizing radiation with respect to the increase
in platelet adhesion and deformation. Consequently, the

PCL PCL/PVP (10 or 15 kGy) PCL/PVP/Ilo/A (10 or 15 kGy)
Kl. pneumoniae Kl pneumomae Kl. pneumoniae

oo

'I
1

E coll E. coli E. coli

wn) wn [72]
2l Pr mirabilis = 2, Pr. mirabilis = 2, Pr. mirabilis 2
3 bt 3 : ° 5 ©
o i 2 = v A ) i 2
Ko 2 5 g} '1 2 < ' T ) ,L;
> . = 5 = : s = A =
= _ = . =
Ps. aerugmosa Ps. aeruginosa Ps. aeruginosa
S aureus S aureus S. aureus -
Fig. 5. Bacteriostatic properties of PCL scaffolds before and after modification with cationic amphiphile and iloprost
PHBV/PC PHBV/PC/PVP (10 or 15 kGy) PHBV/PC/PVP/llo/A (10 or 15 kGy)
Kl. pneumoniae K. pneumoniae Kl. pneumoniae
I !..x O
E. colt
@ Pr. mirabilis & @ & » Pr. mirabilis &
< 3 = 3 = Gt
8 Y 1) 8 1) 8 2]
X kS = g 2 : 3
£ = £ A = <]
, . =~ =~ =
= - g = g = —a- =
Ps. aeruginosa = Ps aeruginosa = Ps. aeruginosa =
S. aureus S aureus S. aureus

Fig. 6. Bacteriostatic properties of PHBV/PCL scaffolds before and after modification with cationic amphiphile and iloprost
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subsequent choice of a 15 kGy radiation dose would be
preferable, since, without adversely affecting the bio-
compatibility of the final product, it allows to simultane-
ously polymerize polyvinylpyrrolidone with the surface
of biodegradable grafts and sterilize the grafts.

Based on PVP ability to form complexes, attachment
of drugs to the free reactive groups of the PVP-based
hydrogel is done by complexation. This method of drug
incorporation, unlike covalent binding, allows for ma-
ximum preservation of the biological activity of drugs
without creating steric hindrances and without blocking
the molecule binding centers with blood clotting factors.
The efficacy of iloprost and 1,5-bis-(4-tetradecyl-1,4-
diazoniabicyclo[2.2.2]octan-1-yl)pentane tetrabromide
after complexation with PVP has been proven both in
hemocompatibility tests and in bacteriological examina-
tions. A significant decrease in platelet adhesion to the
surface of drug-eluting grafts compared to the unmodi-
fied counterparts and matrices with polymerized PVP
was revealed. Cationic amphiphilic polymer matrices
exhibited convincing bacteriostatic properties at the site
where the matrices were applied on the agar without
causing hemolysis.

CONCLUSION

A full cycle of surface modification of PCL- and
PHV/PCL-based biodegradable polymer grafts resulted
in a significant increase in the anti-thrombogenic and
antimicrobial properties of prosthetic grafts and did not
worsen the stress-strain and biocompatible properties of
the developed constructs.

The study was carried out with financial support from
the Russian Science Foundation (grant No. 20-15-00075
“Development of a biodegradable small-diameter vas-
cular graft with an anti-thrombogenic and antimicrobial
coating”).

The authors declare no conflict of interest.

REFERENCES

1. Taggart DP. Current status of arterial grafts for co-
ronary artery bypass grafting. Ann. Cardiothorac
Surg. 2013; 2 (4): 427-430. doi: 10.3978/j.issn.2225-
319X.2013.07.21. PMID: 23977618.

2. Altun G, Pulathan Z, Hemsinli D. Obturator bypass in
the treatment of prosthetic graft infection: Classic but
still effective. Turk Gogus Kalp Damar Cerrahisi Derg.

Control cups

No hemolysis

| \

With hemolysis

Experimental cups after removing the test matrices from agar

PCL

PHBV/PCL

2 3 4 5
6 7 8 9 10

Fig. 7. Delayed growth of K. pneumonia and absence of hemolysis at the location of polymer scaffolds: 1 — PCL; 2 — PCL/
PVP-10 kGy; 3 — PCL/PVP-15 kGy; 4 — PCL/PVP/1lo/A-10 kGy; 5 — PCL/PVP/Ilo/A-15 kGy; 6 — PHBV/PCL; 7 — PHBV/
PCL/PVP-10 kGy; 8 — PHBV/PCL/PVP-15 kGy; 9 — PHBV/PCL/PVP/Ilo/A-10 kGy; 10 — PHBV/PCL/PVP/Ilo/A-15 kGy



RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS

Vol. XXIII N¢ 2-2021

10.

I1.

12.

13.

14.

2018; 26 (3): 480-483. doi: 1010.5606/tgkdc.dergi-
s1.2018.15744. PMID: 32082784.

Gentili A, Di Pumpo M, La Milia DI, Vallone D, Vangi G,
Corbo MI et al. A Six-Year Point Prevalence Survey of
Healthcare-Associated Infections in an Italian Teaching
Acute Care Hospital. Int J Environ Res Public Health.
2020; 17 (21): 7724. doi: 10.3390/ijerph17217724.
PMID: 33105772.

Welborn MB, Valentine RJ. Vascular infection. In Vas-
cular Medicine; 2006. p. 859-879. Elsevier Inc. doi:
10.1016/B978-0-7216-0284-4.50067-1.

Sousa JV, Antunes L, Mendes C, Marinho A, Gon-
calves A, Gongalves O et al. Prosthetic vascular graft
infections: a center experience. Angiologia e Cirurgia
Vascular. 2014; 10 (2): 52-57. doi.org/10.1016/S1646-
706X(14)70050-3.

Aslam S, Darouiche RO. Role of antibiofilm-antimicro-
bial agents in controlling device-related infections. Int
J Artif Organs. 2011; 34 (9): 752-758. doi: 10.5301/
1ja0.5000024. PMID: 22094553.

Geipel U. Pathogenic organisms in hip joint infections.
Int J Med Sci. 2009; 6 (5): 234-240. doi: 10.7150/
ijms.6.234. PMID: 19834588.

Staneviciute E, Na’amnih W, Kavaliauskas P, Praka-
paite R, Ridziauskas M, Kevlicius L et al. New in vitro
model evaluating antiseptics’ efficacy in biofilm-asso-
ciated Staphylococcus aureus prosthetic vascular graft
infection. J Med Microbiol. 2019; 68 (3): 432-439. doi:
10.1099/jmm.0.000939. PMID: 30735113.

Zhao G, Hochwalt PC, Usui ML, Underwood RA,
Singh PK, James GA et al. Delayed wound healing in di-
abetic (db/db) mice with Pseudomonas aeruginosa bio-
film challenge: a model for the study of chronic wounds.
Wound Repair Regen. 2010; 18 (5): 467—477. doi:
10.1111/5.1524-475X.2010.00608.x. PMID: 20731798.
Ng VW, Chan JM, Sardon H, Ono RJ, Garcia JM,
Yang YY et al. Antimicrobial hydrogels: a new weapon
in the arsenal against multidrug-resistant infections.
Adv Drug Deliv Rev. 2014; 78: 46-62. doi: 10.1016/].
addr.2014.10.028. PMID: 25450263.

Ghosh C, Haldar J. Membrane-Active Small Molecu-
les: Designs Inspired by Antimicrobial Peptides. Chem
Med Chem. 2015; 10 (10): 1606-1624. doi: 10.1002/
cmdc.201500299. PMID: 26386345.

Molchanova N, Hansen PR, Franzyk H. Advances in De-
velopment of Antimicrobial Peptidomimetics as Potenti-
al Drugs. Molecules. 2017; 22 (9): 1430. doi: 10.3390/
molecules22091430. PMID: 28850098.

Ghosh C, Haldar J. Membrane-Active Small Molecu-
les: Designs Inspired by Antimicrobial Peptides. Chem-
MedChem. 2015; 10 (10): 1606-1624. doi: 10.1002/
cmdc.201500299. PMID: 26386345.

Antonova LV, Sevostyanova VV, Rezvova MA et al.
Technology of producing functionally active biode-
gradable small-diameter vascular prostheses with drug
coating: patent # 2702239. Proprietor: Federalnoe go-
sudarstvennoe byudzhetnoe nauchnoe uchrezhdenie
“Nauchno-issledovatelskij institut kompleksnykh prob-

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

112

lem serdechno-sosudistykh zabolevanij” (NII KPSSZ)
(RU); Ne 2019119912; effective date for property rights:
25.06.2019; registration date: 07.10.2019, Bull. Ne 28.
[In Russ].

Fedorova AA, Azzami K, Ryabchikova EI, Spitsyna YE,
Silnikov VN, Ritter W et al. Inactivation of a non-enve-
loped RNA virus by artificial ribonucleases: honey bees
and acute bee paralysis virus as a new experimental
model for in vivo antiviral activity assessment. Antivi-
ral Res. 2011; 91 (3): 267-277. doi: 10.1016/j.antivi-
ral.2011.06.011. PMID: 21722669.

Yarinich LA, Burakova EA, Zakharov BA, Boldyreva EV,
Babkina IN, Tikunova NV et al. Synthesis and structure-
activity relationship of novel 1,4-diazabicyclo[2.2.2]
octane derivatives as potent antimicrobial agents. Eur
J Med Chem. 2015; 95: 563-573. doi: 10.1016/j.¢j-
mech.2015.03.033. PMID: 25867737.

Burakova EA, Saranina 1V, Tikunova NV, Nazarkinaa ZK,
Laktionova PP, Karpinskaya LA et al. Biological evalu-
ation of tetracationic compounds based on two 1,4-di-
azabicyclo[2.2.2]octane moieties connected by different
linkers. Bioorg Med Chem. 2016; 24 (22): 6012-6020.
doi: 10.1016/j.bmc.2016.09.064. PMID: 27720324.
Ye X, Wang Z, Zhang X, Zhou M, Cai L. Hemocompati-
bility research on the micro-structure surface of a bionic
heart valve. Biomed Mater Eng. 2014; 24 (6): 2361-
2369. doi: 10.3233/BME-141049. PMID: 25226936.
Shen X, Su F, Dong J, Fan Z, Duan Y, Li S. In vitro
biocompatibility evaluation of bioresorbable copoly-
mers prepared from L-lactide, 1, 3-trimethylene car-
bonate, and glycolide for cardiovascular applications.
J Biomater Sci Polym Ed. 2015; 26 (8): 497-514. doi:
10.1080/09205063.2015.1030992. PMID: 25783945.
Jung F, Braune S, Lendlein A. Haemocompatibili-
ty testing of biomaterials using human platelets. Clin
Hemorheol Microcirc. 2013; 53 (1-2): 97-115. doi:
10.3233/CH-2012-1579. PMID: 22954639.

Bai J, Dai J, Li G. Electrospun composites of PHBV/
pearl powder for bone repairing. Progress in Natural
Science: Materials International. 2015; 25 (4): 327-333.
doi: 10.1016/j.pnsc.2015.07.004.

Lyu JS, Lee JS, Han J. Development of a biodegrada-
ble polycaprolactone film incorporated with an antimi-
crobial agent via an extrusion process. Sci Rep. 2019;
9 (1): 20236. doi: 10.1038/s41598-019-56757-5. PMID:
31882928.

Mireles LK, Wu MR, Saadeh N, Yahia H, Sacher E. Physi-
cochemical Characterization of Polyvinyl Pyrrolidone: A
Tale of Two Polyvinyl Pyrrolidones. ACS Omega. 2020;
5 (47): 30461-30467. doi: 10.1021/acsomega.0c04010.
PMID: 33283094.

Killrot M, Edlund U, Albertsson AC. Surface functio-
nalization of degradable polymers by covalent grafting.
Biomaterials. 2006; 27 (9): 1788-1796. doi: 10.1016/j.
biomaterials.2005.10.010. PMID: 16257444.

The article was submitted to the journal on 12.04.2021



REGENERATIVE MEDICINE AND CELL TECHNOLOGIES

DOI: 10.15825/1995-1191-2021-2-137-146

COMPARATIVE ANALYSIS OF PROTOCOLS
FOR DECELLULARIZATION OF CORNEAL LENTICULAR TISSUE
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Shortage of donor corneas is a burning issue in ophthalmology. That is why there is a search for new alternative ways
for treating corneal diseases. Decellularization technologies make it possible to create corneal tissue-engineered
constructs that can adrress the issue of donor corneal shortage. Objective: to conduct a comparative analysis of
effective methods for treating the corneal lenticula and to create an optimized and standardized decellularization
protocol. Materials and methods. Corneal stromal lenticules obtained after ReLEx SMILE surgery were chosen
for the study. Lenticule parameters: thickness 77—120 microns, diameter 6.5 mm. We used 3 protocols for the
treatment of lenticules: 1) treatment with 1.5 M sodium chloride with nucleases (NaCl); 2) 0.1% SDS (SDS);
3) treatment with Trypsin-EDTA solution, followed by double washing in a hypotonic Tris buffer solution with
nucleases (Trypsin-EDTA). Optical properties of lenticles were determined spectrophotometrically, where the
samples before decellularization served as a control. Fluorescence imaging of nuclear material in the original
cryosections was performed using Hoechst dye. The state of collagen fiber ultrastructure was assessed by scan-
ning electron microscopy. The quantitative DNA content in fresh lenticules and in lenticules after treatment was
analyzed. Results. All three decellularization protocols effectively removed nuclear and cellular material; the
residual DNA content was <50 ng/mg. However, the Trypsin-EDTA protocol led to significant damage to the
extracellular matrix structure, which negatively affected the transparency of corneal tissue-engineered constructs.
Transparency of samples for the NaCl protocol was close to native lenticules. Conclusion. To create a corneal
tissue-engineered construct, NaCl decellularization protocols appear to be optimized and can be used to treat
various corneal diseases.

Keywords: cornea, tissue engineering, decellularization, lenticula.

INTRODUCTION

Technical advances in refractive surgery have led to
the development of a femtosecond laser vision correc-
tion method using ReLEx SMILE technology (Refrac-
tive Lenticule Extraction & Small Incision Lenticule
Extraction). During operation, the surgeon first uses a
laser to form a disc-shaped portion of the corneal stroma
(the lenticule), which is then extracted through a micro
incision. Such lenticule parameters as thickness and dia-
meter depend on the initial corrected myopia or myopic
astigmatism [1].

Lenticule reimplantation has been shown to restore
stromal volume and refractive anomalies after surgery
(refractive lenticule extraction), as shown in monkey
and rabbit models [2, 3]. Correction of farsightedness
and keratoconus with intrastromal lens implantation has
also been reported [4-6].

It is worth noting that the current severe shortage of
donor material underlies the search for new directions
in the treatment of corneal disorders. It is generally re-

cognized that tissue engineering is an alternative to al-
lotransplantation, therefore, the use of lenticules seems
to be a promising and effective technique. However,
residual cellular components of the lenticules place this
graft in the category of true grafts, which, as is known,
can lead to rejection reaction.

The modern view of allogeneic transplantation im-
plies the preparation of suitable acellular, non-immu-
nogenic tissues for subsequent transplantation to the
recipient. Decellularization is a promising direction in
tissue engineering, allowing for maximum removal of
cells and genetic material, thereby reducing the risk of
graft immunity reaction. However, it should be noted
that damage to the extracellular matrix (ECM) should
be minimized, since preservation of the framework and
structural and functional properties of ECM is fundamen-
tal to effective use of decellularized organs and tissues
[7, 8]. Various decellularization protocols described in
the literature employ physical, enzymatic, and chemical
methods to release ECM from cells [9].
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In the studies by Gary Hin-Fai Yam et al., the authors
used donor corneas as a source of 70 um thick stromal
lenticules created by femtosecond laser [10]. The authors
compared decellularization protocols, both with isolated
application of 0.1% sodium dodecylsulfate (SDS), 0.1%
Triton X-100, 1.5 M NaCl, and in combination with nuc-
leases of various concentrations. By spectrophotometry,
a transmittance similar to the control was obtained in the
1.5 M NaCl group followed by the 0.1% SDS group.
When evaluating immunohistochemistry data, it was
found that after treatment with 0.1% SDS, there was no
luminescence of the nuclei, while in the groups using
0.1% Triton X-100, 1.5 M NaCl and 1.5 M NaCl with
nucleases 2 U/ml, luminescence was preserved. DNA
content in the 0.1% SDS group was 20.71 + 4.3 ng DNA
per 1 mg dry weight of the sample; the length of extrac-
ted DNA fragments was less than 200 base pairs, which
corresponded to the indicative criteria for the effective-
ness of organ and tissue decellularization suggested by
Crapo et al. [11].

In an experiment on rabbits, Chinese researchers crea-
ted a construct of decellularized lenticules glued together
with fibrin glue for carrying out anterior lamellar kera-
toplasty [12]. These stromal lenticules were extracted
from the human cornea by ReLEx SMILE surgery (with
>100 um thickness and 6.6 mm diameter). The treatment
protocol used was 1.5 M NaCl with 5 U/ml DNase and
5 U/ml RNase solution. This protocol was borrowed
from the work of Shafiq et al, where the authors reported
its successful application on whole donor human corneas
for cell removal [13].

In a recent study, Huh M.I. et al. used donor corne-
as from which stromal lenticules were extracted using
ReLEx SMILE (100 um thickness, 8 mm diameter).
Decellularization protocols used included washing in
Triton X-100, SDS or trypsin-EDTA solution under
various concentrations: 0.1%, 0.25%, 0.5%. Then wa-
shing was done in hypotonic, isotonic, and hypertonic
tris-buffer solutions followed by washing in nuclease
solution. Finally, the wash cycle was repeated in Tris-
buffer solutions [14].

Of the protocols, decellularization with hypotonic
0.25 and 0.5% trypsin-EDTA followed by washing in
hypotonic tris-buffer with nucleases showed the lowest
DNA contents. Spectrophotometry revealed that the
group using 0.5% trypsin-EDTA and hypotonic Tris-
buffer had the best transparency. Scanning electron mi-
croscopy data in this group revealed that the ECM after
treatment was undisturbed.

Thus, we can conclude that there are many corneal
lenticular decellularization protocols today. However,
despite all the diversity, there is still no clear understan-
ding of the preferred protocol.

PURPOSE OF THE STUDY

In our study, we compared effective lenticular treat-
ment methods in order to optimize and standardize the
decellularization protocol.

MATERIALS AND METHODS

Before the Smile operation, voluntary informed
consent for further use of donor lenticular tissue was
obtained from all patients. The mean age of patients
was 27.3 £ 5.4 years. All patients underwent SMILE
surgery for myopia and complex myopic astigmatism.
The spherical equivalent before the SMILE surgery was
—4.72 £ 0.86 diopters. For decellularization, lenticules
with 77-120 pum thickness and 6.5 mm diameter were
used.

The material was taken in the operating room at the
head office of Fyodorov Eye Microsurgery Federal State
Institution in Moscow. The ReLex SMILE eye surge-
ry was carried out under local drip anesthesia using a
VisuMax femtosecond laser (500 kHz pulse frequen-
cy, 160 nJ pulse energy). First, the base of the lenticule
was formed, and then its “lid”. The lenticule diameter
was 6.5 mm, while the lid diameters were 7.5 mm and
7.6 mm. The resulting lenticule was transferred into a
pre-prepared vial containing dispersed viscoelastic (DV)
containing 3.0% sodium hyaluronate and 4.0% chond-
roitin sulfate weighing 600,000 Daltons. Next, the vial
with samples was transferred into a container and trans-
ported to the laboratory at the Center for Fundamental
and Applied Biomedical Problems, Fyodorov Eye Mi-
crosurgery Federal State Institution. In the laboratory,
studies were carried out under sterile conditions in vitro
(n = 145). Table 1 shows the distribution of lenticules
in the experiment.

Table 1
Distribution of lenticules by type of work
Lenticule assessment methods Number of lenticules
Spectrophotometry 45
Histology 20
Immunohistochemistry 20
Scanning electronic 20
Microscopy 40
DNA analysis 145

Decellularization of the lenticule

Before decellularization, the lenticules were washed
of DV in PBS solution (three times) for 5 minutes each.
Three solution variants were used for decellularization.
They differed in components, exposure time, and con-
centration. As a result, four groups were formed, where
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three groups were experimental and one was the control
(Table 2).

Transparency of native and decellularized
lenticules

Spectral transmission of lenticule from 380 to 780 nm
wavelength was determined using a Multiskan GO spec-
trophotometer (Thermo Scientific, USA); data were coll-
ected in 10 nm increments. Spectral transmission for
the same samples was performed in two stages. At the
first stage, native lenticules were measured — the control
group. At the second stage, the transparency of the three
experimental groups after treatment was investigated.

According to literature, glycerol (glycerin) is used to
eliminate nonspecific lenticular edema after decellula-
rization. In this study, DV approved for clinical use in
ophthalmology was used for this purpose. After dehyd-
ration in DV for 1 hour, the samples were transferred to
a 96-well plate starting from the second well, with the
first well containing no lenticule. A volume of 250 pl of
DV was added to each well and evenly distributed along
its bottom. Then the 96-well plate was inserted into a
spectrophotometer chamber to measure the transmittance
K, (%). As a calculated value for statistical analysis of
the data, we used the average for the entire group of
41 transparency points of the obtained spectrum. For
this, K, was first calculated as follows:
| x 100 %

K, ’

where K — transmittance for each of 41 spectral points
within one sample in the group; K, — transmittance in
the well containing the sample; K, — transmittance in the
well not containing the sample.

K, =

K. was then calculated as follows:

¥K,
Ke=—,
N
where K —average transmittance for each of 41 spectral
points of all samples in the group; £K —aggregate value
of measurements of each sample in the group; N — total
number of samples in the group.

K, was then calculated as follows:

YK,

a1

where K, — average transmittance for all 41 spectral
points of the group as a whole; XK_ — aggregate value
of the average transmittance; 41 — number of spectral
points, which corresponds to a 380 to 780 nm wave-
length, in 10 nm increments.

K.=

Histological evaluation of native
and decellularized lenticules

The lenticules were fixed in a 10% solution of neutral
formalin, then washed with running water, dehydrated
in alcohols of ascending concentration, and embedded
in paraffin. Next, a series of 2-3 um thick histological
sections were performed using hematoxylin and eosin
stain, Van Gieson’s stain, and alcian blue stain to assess
the content of glycosaminoglycans in the tissues. The
preparations were studied on an ix81 inverted micro-
scope (Olympus, Japan) at 40x magnification, followed
by photographing.

Using immunohistochemistry (IHC), we studied the
expression of collagen types I, III, V and VI, characte-
ristic of the corneal stroma and being the main ECM
component. For this purpose, native and treated samples
were first placed in Shandon Cryomatrix medium (Ther-

Table 2

Description of decellularization protocols

No Active components

Description of method

1 Native lenticules

2 0.1 % SDS (SDS)

Incubation in 0.1% sodium dodecyl sulfate (SDS) solution (Sigma-Aldrich)
for 24 hours at room temperature. Samples were then washed in phosphate-
buffered saline (PBS) with continuous shaking in a shaker and at 4 °C
temperature, with PBS replacement every 24 hours

1.5 M NaCl + DNAase 5 U/ml and
RNase 5 U/ml (NaCl)

Incubation in 1.5 M sodium chloride solution for 48 hours, with replacement
of NaCl solution every 24 hours. Samples were then incubated in a DNase

5 U/mL (Sigma-Aldrich) and RNase 5 U/mL (Sigma-Aldrich) solution for

48 hours. Samples were then washed in PBS solution for 72 hours, with
replacement every 24 hours. The treatment procedure was carried out at room
temperature and with continuous shaking in a shaker

0.25% Trypsin-EDTA (Thermo
fisher) + hypotonic Tris buffer

4 |solution (pH 7.2) + DNAase 50 U/mL
and RNase 1 U/mL + hypotonic Tris
buffer solution (Trypsin-EDTA)

Incubation in 0.25% Trypsin-EDTA solution for 48 hours, then 1 hour in a
hypotonic Tris buffer solution (pH 7.2), then in a DNase 50 U/mL and RNase
1 U/mL solution for 24 hours. The samples were then washed in hypotonic
Tris buffer solution (pH 7.2) for 1 hour. The decellularization procedure was
performed at 37 °C temperature and with continuous shaking in a shaker
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mo scientific, uk) and frozen at —30 °C temperature in
an HM525 NX cryostat (Thermo scientific, UK). Then
10 um-thick cryostat sections were made and transferred
to Polysine slides (Thermo Scientific, UK), at the rate of
four sections per slide. The following primary antibodies
were used: type I collagen (Rabbit 1:200, ab34710, Ab-
cam), type III collagen (Mouse 1:100, ab6310, Abcam);
collagen type V (Rabbit 1:100, ab114072, Abcam); col-
lagen type VI (Rabbit 1:200, ab6588, Abcam). Seconda-
ry antibodies Alexa Fluor 488 (1:250, ab150077, Goat
Anti-Rabbit IgG, Abcam) and Alexa Fluor 594 (1:250,
ab150116, Goat Anti-Mouse IgG, Abcam) were used to
identify the above markers. After removal of secondary
antibodies, the Hoechst dye (O150, PanEko) was used
to assess nuclear staining. The results were evaluated
using a laser scanning confocal microscope “Fluo View
FV10i” (Olympus, Japan) 100x%.

Evaluation of the ultrastructure of collagen
fibers by scanning electron microscopy

Samples were dehydrated in acetone solution at an
ascending concentration of 10%; 30%; 50%; 70%; 90%;
100% (three times) for 10 minutes each. The samples
were then subjected to critical drying using a desiccant
dryer (Critical Point Dryer Qurum k850, Quorum Tech-
nologies, UK). Then the samples were sputtered with
gold (5 nm layer thickness, assay 999) using a sputtering
device (Smart Coater SPI, SPI Supplies, USA) and ana-
lyzed using a scanning electron microscope — 6000plus
(Jeol, Japan). The samples were analyzed at ten randomly
selected points in a high vacuum mode 1000% (10 kV
power).

Measurement of DNA content

DNA was extracted from samples using the DNeasy
Blood & Tissue Kit (QIAGEN, Germany) according to
the manufacturer’s recommendations. The DNA content
was counted using a Qubit 2.0 fluorometer (Invitrogen,
USA) and a Qubit dsDNA HS (High-Sensitivity) Assay
Kit (Invitrogen, USA). Measurement was carried out
according to the manufacturer’s instructions.

Statistical analysis

The mean with standard deviation (M £+ SD) and me-
dian with interquartile range (Me (1-3 quartiles)) were
used as descriptive statistics for variables. Normality of
distribution of variables was assessed using the Shapi-
ro—Wilk test. Homogeneity of variances was assessed
using the Bartlett’s test.

Independent samples were compared using the Krus-
kal-Wallis test followed by Dunn’s post-hoc test or
Welch’s t-test for non-normally and normally distributed

100
207 L R _".*..".;.;.'..-..‘._._.‘.,_,.‘._._._
g R

70 +°
60 1
50 1
40 1
30 1 e Vo
20, .o

10 1

........
.....
......
i““

Transparency (%)

380 420 460 500 540 580 620 660 700 740 780
Wavelength (nm)
* SDS * Trypsin-EDTA

* Control *NaCl

Fig. 1. Average spectral transmittance (%) at 380 to 780 nm
wavelength

samples (with heterogeneous variances), respectively.
In all cases, the Holm’s correction for multiple compa-
risons was used. Results were considered statistically
significant at p < 0.05.

Data was statistically processed using statistical com-
puting environment R version 4.0.2 (R Foundation for
Statistical Computing, Vienna, Austria). The data was
visualized using GraphPad Prism 8.4.3 (GraphPad Soft-
ware, Inc., USA).

RESULTS

Transparent properties of the lenticule

The study showed that transparency was signifi-
cantly reduced in the Trypsin-EDTA group compared
to the control group, and the results in the NaCl group
were the closest to the control (Fig. 1). There were sta-
tistically significant differences in groups SDS/Control
(86.85+3.34vs.90.39+5.11; (87.46 (84.33-89.63)) vs.
(91.49 (86.64-93.80)); p <0.03); Trypsin-EDTA/Control
(38.70£8.78 vs. 90.39 £ 5.11; (43.74 (33.5644.86)) vs.
(91,49 (86,64-93,80)); p < 0.0001); also when compa-
ring NaCl/Trypsin-EDTA (88.63 +2.56 vs. 38.70 + 8.78;
(89.12 (88.59-90.06)) vs. (43,74 (33,56—44,86)); p <
0.0001); SDS/Trypsin-EDTA (86.85 + 3.34 vs. 38.70 +
8.78; (87.46 (84.33-89.63)) vs. (43.74 (33.56-44.86));
p <0.003).

Histological staining of lenticules

Histological staining with H&E, Van Gieson and
alcian blue revealed complete removal of cells, cell nu-
clei and the absence of significant structural damage
in the resulting acellular matrix in the SDS and NaCl
groups. In the Trypsin-EDTA group, there was notice-
able significant damage to the matrix structure against
the background of complete absence of cells and cell
nuclei (Fig. 2).
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Immunohistochemical staining of lenticules

Fluorochromation of nuclei with Hoechst dye showed
that the lenticules that were treated stained negatively.
Meanwhile, a characteristic luminescence of the nuclei
was determined in the control group. Also, according
to IHC data, there was positive expression of collagen
types I, III, V and VI in the control and experimental
groups (Fig. 3).

Results of scanning electron microscopy

When analyzing the thickness of collagen fibers of
the samples, differences were found both between the
experimental groups and the control, as well as when
comparing the experimental protocols in pairs with each
other. In the NaCl/Control pair comparison, the thickness
was (1.96 + 0.46 vs. 2.30 = 0.40; (1.9 (1.69-2.21)) vs.
(2.26 (2.03-2.63)); p = 0.00013). Groups SDS/Control
(1.36 £ 0.25vs.2.30+£0.40; (1.36 (1.21-1.47)) vs. (2.26
(2.03-2.63)); p < 0.0001). For Trypsin-EDTA/Control
protocols (4.19 £+ 0.56 versus 2.30 + 0.40; (4.13 (3.85—
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4.54)) versus (2.26 (2.03-2.63)); p < 0.0001). Pairwise
comparison of the protocols for NaCl, SDS, Trypsin-ED-
TA between each other revealed statistically significant
differences (p < 0.0001). In Fig. 4, it can be seen that
the SDS group is mainly represented by frayed fibrils,
due to lack of sufficient volume of collagen fibers. In the
Trypsin-EDTA group, there is a noticeable thickening of
collagen fibers, which is caused by gross disturbance of
their ultrastructure. Slight changes in the state of colla-
genous fibers were detected in the NaCl group.

DNA analysis

Pairwise comparison of groups by Welch’s t-test
(with Holm’s correction) revealed a statistically signifi-
cant difference, both between the experimental groups
and the control, and between the experimental groups:
NaCl/Control (39.34 + 8.65 vs. 132.18 + 44.17; (41.99
(38.57-44.67)) vs. (128.5 (102.02-154.48)); p < 0.0002);
SDS/Control (37.07 £ 6.19 vs. 132.18 + 44.17; (39.74
(36.72—-42.75)) versus (128.5 (102.02-154.48)); p <
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Fig. 2. Histological picture of native and decellularized lenticules. H&E stain: a — control, 6 — NaCl, 8 — SDS, r — Trypsin-
EDTA; Van Gieson’s stain: 1 — control, e — NaCl, xx — SDS, 3 — Trypsin-EDTA; Alcian blue stain: u — control, x — NaCl,

1n—SDS, m — Trypsin-EDTA; x40
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0.0001); Trypsin-EDTA/Control (13.42 + 7.4 versus
132.18 = 44.17; (11.45 (8.47-16.86)) versus (128.5
(102.02-154.48)); p < 0.0001). Comparison of expe-
rimental groups with each other revealed statistically
significant differences for the NaCL/SDS groups (p <
0.002), for the SDS/Trypsin-EDTA groups (p < 0.0006),
and for the NaCl/Trypsin-EDTA groups (p < 0.0001).

DISCUSSION

At the moment, there is an active search for an effec-
tive tissue-engineered corneal construct (TECC) as an
alternative to donor corneal transplantation in conditions
of severe corneal shortage.

Developing a decellularization protocol is a complex
and routine technique. There are many detailed descrip-
tions in the literature of various decellularization pro-
tocols for such organs as small intestine, pericardium,
heart valves, liver, skin, bladder, and cornea [15, 16]. The
effectiveness of decellularization mainly depends on the
type of tissue. Unlike thicker organs or tissues, corneal
tissue is thinner in thickness and has a specific struc-
tural organization, whose preservation is an extremely
important condition for decellularization [17]. In this
study, we used corneal lenticular tissue obtained during

Types 1, I1I collagen
Control

Types I, 111 collagen
NaCl

the ReLEX SMILE surgery. To assess decellularization,
apart from the decellularization criteria suggested by
Crapo et al., we additionally assessed the corneal stromal
transparency, the state of collagen fiber ultrastructure and
the main ECM components, such as glycosaminoglycans
and total collagen [11].

In this study, the SDS and NaCl groups showed better
results compared to the Trypsin-EDTA group as part of
the pre- and post-treatment transparency assessment. The
SDS group was statistically different from the control
(p < 0.005), in contrast to the NaCl group (p = 0.524),
which showed transparency results similar to the con-
trol group. On histological and immunohistochemical
studies, all protocols were effective in removing nuclei.
However, significant damage to the main ECM compo-
nents was observed in the Trypsin-EDTA group, while
these ECM components were preserved in the SDS and
NaCl groups.

The thickness of the ultrastructure of collagen fibers
was found to be highest in the trypsin-EDTA group and
lowest in the SDS protocol. NaCl-treated lenticules
showed a result closest to that of the control group.

Residual DNA content in all treatment groups was
less than 50 ng/mg, which is in line with those suggested

Types 1, I1I collagen
SDS

Types I, 111 collagen
Trypsin-EDTA

Type V collagen
Control

Type V collagen
NaCl

Type V collagen
SDS

Type V collagen
Trypsin-EDTA

Type VI collagen
Control

Type VI collagen
NaCl

Type VI collagen
SDS

Type VI collagen
Trypsin-EDTA

Fig. 3. Immunohistochemistry of native and decellularized lenticules
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by Crapo et al. requirements [11]. The Trypsin-EDTA
group had the lowest residual DNA content.

Our study did not confirm the data from Huh M.1I. et
al., where 0.25% and 0.5% Trypsin-EDTA were used
with nucleases and double washing in hypotonic buffer
solution [ 14]. We believe that the combined effect of the
complex components of this protocol, although it leads
to better results in terms of reducing the residual DNA
content, nevertheless, is destructive in relation to the
ultrastructure of collagen fibers and ECM components.
The destructive effect of trypsin and nucleases on the
collagen structure of tissues has been reported [18].

The absence of cellular material, the preservation of
the collagen structure and the main ECM components
are key predictors for TECC. In our study, treatment with
1.5 M NaCl with nucleases showed good results on all
evaluation parameters for TECC development.

CONCLUSION

Thus, a comparative assessment of the effectiveness
of different decellularization protocols for creating a
corneal lenticular matrix creation has led to the creation

of optimized and standardized protocols. The results
presented in this work open up wide opportunities for the
future use of TECC. However, the issue of TECC data
storage is still unresolved and requires separate future
research in this direction.

The authors declare no conflict of interest.
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Kidney injury in heart transplant recipients is of a complex nature and bears the features of all types of cardiore-
nal interaction impairment. Pre-transplant renal dysfunction, perioperative acute kidney injury, as well as factors
associated with graft and immunosuppression, determine the prevalence and severity of kidney pathology in this
group of patients. This review examines the pathophysiology of kidney dysfunction in heart failure, the epide-

miology, and criteria for acute kidney injury.
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Heart disease and renal dysfunction are often interre-
lated. When the heart and kidneys are affected simulta-
neously, mortality, morbidity, as well as the complexity
and cost of treatment increase significantly [1]. Mutual
heart-kidney interaction syndrome has been known for
a long time. However, until 2008 it had no clear defini-
tion and classification. This situation was corrected at an
international conference facilitated by ADQI (Acute Dia-
lysis Quality Initiative), where the opinions of leading
experts in the field of nephrology, intensive care, cardiac
surgery, cardiology, and epidemiology were reconciled.

Five types of cardiorenal syndrome (CRS) have been
identified, which reflect all possible interdependent heart
and kidney injury [2, 3]. At the same time, different ty-
pes of CRS can be manifested at different stages of the
disease in one patient. In some cases, there may be a
vicious circle, where there is simultaneous or combined
heart and kidney damage. A unique example of such a
situation is kidney injury in heart transplant recipients,
since at different stages of treatment, before and after
transplantation, there could be manifestations of all CRS
types: impaired kidney function with long-term heart
failure (HF) at the preoperative stage; acute kidney injury
(AKI) in the perioperative period against the background
of cardiopulmonary bypass (CPB), heart graft dysfunc-
tion, use of cardiotonic drugs, mechanical support of the
contractile function of the heart, immunosuppression; in
some cases, renal damage has an outcome in the terminal
stage with a continuing need for dialysis replacement
therapy and persistence of such pathological mechanisms
as suburemia, overhydration, chronic inflammation, bone
and mineral disorders, anemia, and others, leading to the

development in a heart graft characteristic of a chronic
kidney disease (CKD) in the final, dialysis-dependent
stage, changes in the form of cardiofibrosis, myocardi-
al hypertrophy, calcification of heart valves and blood
vessels.

MECHANISMS OF KIDNEY INJURY IN IMPAIRED

CARDIAC FUNCTION

The pathophysiology of kidney injury in HF is com-
plex, involving multiple pathological factors acting si-
multaneously (Fig.). Although a fall in cardiac output and
renal perfusion has traditionally been considered as the
main cause of HF-related renal dysfunction, the results
of a number of major clinical trials do not support this
position. For example, using an analysis of data from
118,465 patients with acute decompensated HF, Hey-
wood et al. could not demonstrate an association between
left ventricular systolic dysfunction and deterioration of
kidney function [4]. According to the results of a study by
K. Damman et al., in 2557 patients who underwent right
heart catheterization, increased central venous pressure
(CVP) was a predictor of mortality and was associated
with low estimated glomerular filtration rate (eGFR),
regardless of the cardiac index (CI) [5]. A number of
studies suggest the presence of other pathophysiologi-
cal mechanisms of renal dysfunction, particularly the
effect of high right atrial pressure on venous congestion
and venous hypertension. The same authors confirmed
previously published data in a study of 2647 patients
with systolic HF, in whom a decrease in the eGFR and
mortality were associated with such manifestations of
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venous stasis as ascites and increased pressure in the
jugular vein [6]. According to the ESCAPE (Evaluation
Study of Congestive Heart Failure and Pulmonary Artery
Catheterization Effectiveness) study, which enrolled pa-
tients with decompensated HF, renal function depended
neither on cardiac index, nor on pulmonary capillary
wedge pressure, nor on systemic vascular resistance.
However, it was associated with right atrial pressure [7].

Based on database analysis of a branch of the same
study, Hanberg et al demonstrated that there is a stati-
stically significant inverse correlation between CI and
e¢GFR in patients with HF who underwent pulmonary
artery catheterization [8].

In a study by Guglin et al. in 178 HF patients, eGFR
correlated with high CVP and low renal perfusion pres-
sure. EchoCG found that deterioration of renal function
was associated with tricuspid regurgitation peak velocity,
but not with left ventricular systolic function [9]. Maeder
et al. reported that in patients with HF, tricuspid regur-
gitation severity was independently associated with the
degree of impaired renal function [10]. At the same time,
many studies that have analyzed right atrial pressure in
HF have two shortcomings complicating interpretation
of these data: severity of preexisting parenchymal re-
nal disease and degree of reduction of left ventricular
systolic function are not considered. It is possible that

increased right atrial pressure becomes clinically signifi-
cant for the onset of renal venous congestion only when
the cardiac index is decreased. In an animal experiment
simulating acute renal venous congestion (13 mm H,0),
renal dysfunction (decreased blood flow, eGFR, sodium
and free water clearance) became less pronounced when
systemic hemodynamics were restored to control values
by transfusion [11]. Damman et al. report that in potential
lung recipients with HF, due to pulmonary hypertension,
right atrial pressure (RAP) and renal blood flow were
independently correlated with radioisotope-measured
eGFR. Moreover, the association with RAP was more
pronounced in patients with reduced renal blood flow
[12]. For instance, Uthoff et al. report that in patients
with acute HF, the combination of arterial hypotension
and high CVP was significantly associated with lower
eGFR [13]. Thus, therapeutic measures aimed at redu-
cing renal congestion will be most effective in patients
with arterial hypotension.

The hemodynamic response to reduced systemic ar-
terial pressure depends on endothelial function, which
is impaired in both chronic kidney disease and heart
failure. Reduced renal perfusion pressure stimulates the
sympathetic nervous system and the renin-angiotensin-
aldosterone system (RAAS). Angiotensin II and catecho-
lamines cause glomerular arteriolar vasoconstriction that
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Fig. Pathophysiology of renal venous stasis and Impaired kidney function in heart failure (adapted from B. Afsar et al., 2016
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reduces renal plasma flow [14]. Angiotensin II exerts a
disproportionate vasoconstrictor effect on efferent arte-
rioles, maintaining eGFR despite reduced renal plasma
flow [15]. Thus, initially, the filtration fraction and eGFR
were preserved, then the increase in angiotensin II and
catecholamine production proves inadequate, which en-
tails an even greater preglomerular vasoconstriction and
reduction in eGFR [16]. This, in turn, activates sodium
and water reabsorption in the proximal tubule, leading
to even greater systemic and renal congestion; renal in-
terstitial pressure increases; all capillary bed and tubu-
les are compressed; local hypoxia develops. Increased
pressure in the tubule lumen leads to a decrease in the
transglomerular pressure gradient and exacerbates the
decrease in eGFR [17].

In people without HF, the transient state of hyper-
volemia results in increased renal excretion of salt and
fluid; this reduces the blood volume and cardiac output,
normalizing blood pressure. However, in patients with
HF, despite the hypervolemic state, elevated right at-
rial pressure and CVP negatively affect renal sodium
excretion, creating a vicious cycle of sodium and fluid
retention and HF build-up, which leads to even greater
renal congestion [18].

Increased intra-abdominal pressure, blood congestion
in the abdominal organs and interstitial space also play
a role in impaired renal function. There is a negative
correlation between the magnitude of renal blood flow
and intra-abdominal pressure [19, 20]. According to a
study by P.K. Harman et al., when the intra-abdominal
pressure was elevated to 20 mmHg, GFR decreased to
<25% of normal in experimental animals; when the intra-
abdominal pressure was elevated to 40 mmHg, GFR fell
to 7% of normal, while cardiac output was reduced to
37% of normal [21]. Compromised capacitance function
of the abdominal organs and deficient abdominal lymph
flow also contribute to elevated pressure in the right
heart, which might additionally imply the occurrence of
renal dysfunction [22]. In addition, disturbed intestinal
microcirculation and barrier function, characteristic of
HF, stimulate the production of cytokines that aggravate
myocardial dysfunction, which in turn contributes to
disturbed microcirculation [23]. Proinflammatory cy-
tokines TNF and interferon-y can disrupt the epithelial
barrier function [24]. Subsequent entry of bacterial li-
popolysaccharides into the bloodstream activates mac-
rocytes and macrophages to produce proinflammatory
mediators [24].

Inflammation can both contribute to the onset and be
a consequence of renal venous stasis [25]. Inflammation
causes vascular dysfunction through endothelial factors
and increased arterial stiffness, decreased myocardial
contractility due to functional suppression of contractility
and myocardial cell death. P.C. Colombo et al. evaluated
the effect of peripheral venous stasis induced by venous
stress test on inflammation and endothelial activation.

Venous arm pressure was increased to ~30 mmHg above
the baseline level by inflating a tourniquet cuff around
the dominant arm. Plasma interleukin-6 (IL-6), endo-
thelin-1 (ET-1), angiotensin II, vascular cell adhesion
molecule-1, and chemokine ligand 2 were significantly
increased in the congested arm [26]. In HF and venous
congestion, activation of RAAS and the sympathetic
nervous system exacerbates the inflammatory response.
According to experimental data from K. Iwata et al.,
RAAS activation leads to stimulation of nicotinamide
adenine dinucleotide phosphate oxidase by angiotensin
11, which leads to formation of reactive oxygen species.
All these processes promote progression of renal dys-
function and development of renal fibrosis [27].
Fibrosis is a common pathophysiological mechanism
of cardiorenal syndrome. Disease-related injury to any
organ triggers a complex cascade of cellular and mole-
cular response, which culminates in tissue fibrosis. Alt-
hough this fibrogenic response can be restrained for some
time by adaptive mechanisms; in the case of prolonged
damaging effects, sclerotic parenchyma, cellular dys-
function and, ultimately, functional insufficiency develop
[29]. The cause of fibrotic processes, both in the heart
and in the kidneys, is endothelial dysfunction arising
from inflammation and oxidative stress, associated, in
turn, with aging, arterial hypertension, diabetes melli-
tus and obesity, and leading to cardiovascular disease,
HF and CKD [30]. Myocardial remodeling occurs after
heart damage and involves the secretion of extracellu-
lar matrix proteins by myofibroblasts. This promotes
cardiac fibrosis and preserves myocardial structure and
function, but such a condition leads to chamber dila-
tation, cardiomyocyte hypertrophy, and apoptosis, and
ultimately leads to the progression to heart failure [30].
In the kidney, tubulointerstitial fibrosis and dysfunction
can be caused by differentiation of tubular epithelial cells
into myofibroblasts through an epithelial-mesenchymal
transition phenotype, leading to the cells losing their po-
lygonal shape and epithelial markers and acquisition of a
fibroblast phenotype with increased extracellular matrix
synthesis (e.g. collagen I, 111, fibronectin). Aldosterone
can trigger a cascade of processes leading to cardiac,
vascular, and renal fibrosis, mutually involving them in
the development of cardiorenal syndrome. Experimental
studies have supported such pathogenetic mechanisms.
For example, in an experiment on rats, with AKI induced
by bilateral renal ischemia/reperfusion, treatment with
a mineralocorticoid receptor antagonist spironolactone
prevented the activation of fibrotic and inflammatory
processes, preventing the development of CKD [31, 32].
Of interest in this regard are the results obtained in the
study of living kidney donors, who, 12 months after ne-
phrectomy, developed a decrease in eGFR, accompanied
by significant increase in left ventricular mass, confirmed
by MRI, without development of arterial hypertensi-
on. Changes in eGFR were independently associated
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with changes in left ventricular mass. Compared with
the control group, the donors had a significantly incre-
ased concentration of fibroblast growth factor-23 and
high-sensitivity C-reactive protein. However, the clinical
relevance of these findings is unclear, as observational
studies have shown favorable long-term outcomes for
living kidney donors [33]. Nevertheless, studies of li-
ving kidney donors compared with controls suggest an
increased risk of cardiovascular events and end-stage
CKD [34, 35]. Elevated concentrations of highly sensiti-
ve cardiac troponin T and microalbuminuria were much
more common in donors than in the control group [35].
Meanwhile, Paoletti et al. suggested that in 100 kidney
transplant recipients, regression of left ventricular hy-
pertrophy portends better long-term combined clinical
outcome (death, any cardiovascular or renal event) [36].

In addition to these factors, activation of mineralo-
corticoid receptors through a number of mechanisms
(inflammation; increased potassium levels in the blood,
which has a proarrhythmic effect) promotes fibrotic
changes in the heart, arteries, and kidneys. This process
involves such mediators of inflammation and fibrosis
as galectin-3 [31, 37], NGAL [38], stimulating growth
factor ST2 [39] and cardiotropin-1 [40].

The pathophysiology of kidney injury after cardiac
surgery with CPB is even more complex and multifac-
torial. Additional mechanisms affecting renal function
in patients with chronic heart failure after such opera-
tions may include microembolization, metabolic and
hemodynamic disorders, ischemia—reperfusion injury,
and oxidative stress [41]. These mechanisms of injury
may be interrelated and synergistic. The use of CPB has
been associated with an alteration of vasomotor tone and
areduction in the renal parenchymal oxygen tension, and
consequently, decreasing the renal perfusion pressure up
to 30% and, hence, increasing the ischemia—reperfusion
injury [42]. In addition, the formation of microemboli
may be increased by the use of CPB. It is well known
that emboli smaller than 40 pum are not effectively filtered
by CPB-system filters and can damage renal capillaries
directly. The release of free hemoglobin secondary to
hemolysis is associated with renal tubular damage and
coagulation activity dysfunction [41].

In cardiac recipients, nephrotoxic calcineurin inhi-
bitors and risks associated with the use of organs from
extended criteria donors are added to all of the described
factors contributing to the onset of renal injury.

AKI EPIDEMIOLOGY AND CLASSIFICATIONS

AKI is a common complication occurring in more
than 50% of patients within the first week after admis-
sion in the intensive care unit (ICU) [42]. According to
M. Ostermann and J. Cerda, AKI-related mortality in
the acute period is 24% in adults and 14% in pediatric
patients [43]. Thus, it is 7 times higher than mortality in
the non-AKI group of patients. Consequences of AKI

include the need for renal replacement therapy (RRT),
chronic kidney damage in about 20% of patients, and
reduced quality of life. The additional cost of treating
1 patient with AKI requiring RRT in the United States
averages $42,077 [44]. According to B.J. Moore and
C.M. Torio, AKI accounts for 8—16% of all hospital ad-
missions in the United States, which is about 13 million
patients annually. The duration of hospitalization with
a secondary diagnosis of AKI almost tripled from 2005
to 2014 [45]. According to Kerr et al., hospitalizations
in 2014 for AKI patients in the UK incurred a cost of
$1.3 billion, which was more than 1% of the total NHS
budget [46].

Data on the incidence of AKI varies widely. In the
past, more than 30 definitions of acute renal failure could
be found in the literature. The diagnosis of acute renal
failure was based on urine output and urea and crea-
tinine as markers of eGFR reduction. The criteria for
assessing the degree of renal dysfunction varied consi-
derably among different authors. All these necessitated
the development of a generally accepted classification of
acute renal failure. For this purpose, the Acute Dialysis
Quality Initiative (ADQI) expert group was formed in
2003. In 2004, ADQI presented the RIFLE classifica-
tion, in which 5 stages of renal damage impairment were
identified — Risk, Injury, Failure, Loss, End-stage kidney
disease [47].

In 2007, members of the Acute Kidney Injury Net-
work (AKIN) working group coined the term AKI (Acute
Kidney Injury) to define a wide range of acute renal
dysfunction from the earliest and mildest forms to cases
where replacement therapy is required. The term AKI is
intended to express the reversible nature of kidney injury
in most cases. AKIN proposed a modification of RIFLE,
which drew attention to the minimal increase in blood
creatinine levels in a shorter period of time [48]. Finally,
in 2012, in the clinical guidelines for the treatment of
AKI, KDIGO, in turn, proposed again to increase the
time period for assessing the degree of renal injury and
drew attention to the delayed increase in blood creatinine
levels in relation to renal dysfunction [49]. According
to the KDIGO (Kidney disease: Improving Global Out-
comes) clinical guidelines, AKI is a sudden decrease in
kidney function in a period not exceeding 7 days, and
CKD is pathological changes in the renal structure or
function that last more than 90 days [49]. AKI should be
considered as a systemic disease with long-term patholo-
gical effects on the heart, lungs, central nervous system,
and especially the kidneys. The time interval between
the onset of AKI and the development of CKD has been
suggested to be called acute kidney disease. This term
defines the course of the disease after AKI in patients
with ongoing pathophysiological processes in the kidney.
The main AKI classifications are shown in Table.

The addition of urine output as a criterion increases
the incidence of AKI compared to a situation where se-
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rum creatinine alone is assessed [50, 51]. Xuying Luo et
al. analyzed the data of 3,107 patients who were conse-
cutively admitted at the ICU over a 6-month period [52].

AKI was determined according to the RIFLE, AKIN
and KDIGO classifications. KDIGO was the most sen-
sitive for AKI detection (KDIGO 51%, RIFLE 46.9%,
AKIN 38.4%). Meanwhile, the major limitation of these
classifications is the use of serum creatinine levels as
a marker of renal function. It is known that creatinine
concentration can be influenced by factors not associa-
ted with glomerular filtration, such as gender, age, race,
body surface area, diet, intake of certain drugs, as well
as diabetes and liver disease [49]. Besides, a change in
serum creatinine levels does not allow to identify the
localization of renal injury, tubular or glomerular. To
increase creatinine levels in the blood, a loss of about
50% of renal function is required.

As a consequence, it is detected 24—72 hours later
than the concentration of a number of new biomarkers
of kidney injury. These limitations facilitate the research
of new substances that allow not only to predict and
diagnose AKI, but also to identify the localization, type
and etiology of injury, predict outcomes, and determine
when to start treatment and ensure that it is monitored.

The currently known biomarkers make it possible to
assess renal function (cystatin C [53], galectin-3 [54],
proenkephalin [55]), predict AKI progression (interleu-
kin-18 (IL18) [56]), neutrophil gelatinase-associated li-
pocalin (NGAL) [57], microRNA [58]), determine renal
injury (NGAL, hepatic form of fatty acid binding protein
(L-FABP) [59], microRNA, IL18, kidney injury mole-
cule-1 (KIM-1) [60]), detect cell cycle inhibition (tissue

inhibitor of metalloproteinase-2 and protein-7, which
binds insulin-like growth factor (TIMP-2 and IGFBP-7)
[61]) and, finally, determine the nephrotoxic effect of
drugs (N-acetyl-glucosaminidase, gamma-glutamyl tran-
speptidase, alanine aminopeptidase) [62]. Although the
use of most of the new biomarkers of kidney injury is still
under study, their introduction into broad clinical practice
is inevitable in the future. L-FABP is approved for use in
Japan, NGAL is present in the European guidelines, and
the TIMP-2 + IGFBP-7 combination is FDA approved
in the United States [63].

Meanwhile, Klein et al. conducted a meta-analysis
of 63 studies of new biomarkers in order to explore the
possibility of using them in determining the onset of
RRT in AKI. Unambiguous results were not obtained
[64]. Biomarkers, which, according to the analysis, seem
useful for predicting the use of RRT, are actually mar-
kers of kidney stress, damage and decreased glomerular
filtration rate. From a clinical point of view, a decision
to initiate RRT is not based on the severity of kidney
injury, but on the presence of metabolic, electrolyte and
volumetric disorders in the patient, as well as concomi-
tant pathological conditions.

ACUTE KIDNEY INJURY IN HEART RECIPIENTS

Heart transplantation remains the only true “cure”
for end-stage heart failure. Since 1967, when K. Barnard
first performed a successful heart transplant (HTx), the
number of such operations has been steadily increasing.
By June 30, 2018, over 146,975 heart transplantations
were performed in patients of all ages worldwide. Ac-
cording to the register of the International Society for

Table
Comparison of acute kidney injury scales
RIFLE AKIN KDIGO Amount of urine
Stage SCr Stage SCr Stage SCr
. Increase :
1.5-fold increase or Increase by 1.5-1.9 times
RISK decrease in GF by | >26.5 umoli/L or 1 |or by >26.5 pmol/L of the <0.5 mL/kg/hour
o 1.5-2-fold increase . for 6-12 hours
>25% . baseline
of baseline
2-fold increase or Increase by .
INJURY decrease in GF by 2 |>2-3 times of the 2 gllgrg::;ﬁl};z_z'g times of Fo(l'iiglﬁlgﬁfslour
>50% baseline -
3-fold increase or Increase by >3 times Increase by 3.0 times
of baseline or SCr of the baseline or SCr
SCr >354 pmol/L >354 pmol/L with >354 pmol/L or RRT <0.5 mL/kg/hour
FAILURE with rapid increase | 3 |7 K 3=k . for 24 hours or
>44 umol/L or GF rapid increase initiation, or a def:rease i | uria for >12 hours
decrease >75% >44 pmol/L or RRT GF to <35 mL/min/1.73 m? =
’ initiation in patients <18 years of age
Complete absence
LOSS of renal function
for >4 weeks
END-STAGE | Complete absence
KIDNEY of renal function
DISEASE for >3 months

RIFLE and KDIGO assess changes in SCr levels within 7 days, AKIN within 48 hours.
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Heart and Lung Transplantation 2019, the 1- and 5-year
survival rates of heart recipients were 81% and 69%,
respectively [65].

Kidney injury is one of the most serious complications
in both the early and late postoperative period, directly
affecting treatment outcomes. According to numerous
authors, the development of AKI and CKD is associated
with longer ICU and hospital stay, higher incidence of
infectious complications, acute graft rejection, and, in
general, higher mortality rate [66, 67]. According to the
results of a meta-analysis of 27 cohort studies with data
from 137,201 heart recipients, the average incidence
of AKI was 47.1% (4.5%-72.3%), the need for RRT
was 12% (2.1%-39.06%). The incidence of AKI and
severe AKI requiring RRT has increased in recent ye-
ars. AKI after heart transplantation was associated with
increased short-term and 1-year mortality (3.5 and 2.3-
fold, respectively). AKI and AKI requiring a RRT were
unfavorable prognostic factors in heart transplantation
and were associated with a 13-fold increase in the risk
of death within 90 days after surgery. Despite advances
in transplantology in recent years, the risk of in-hospital
mortality (and/or mortality within 90 days after surgery)
and mortality within 1 year after transplantation has not
changed over the past 20 years. This situation is probably
due to liberalization of HTx indications and the use of
organs from extended criteria donors [66]. Other results
were published by Zijlstra et al, who analyzed data from
580 heart recipients who received transplants in Rotter-
dam from 1984 to 2013. The patients were divided into
groups A (1984-1999) and B (2000-2013). Despite a
significantly higher number of older donors in group
B compared to group A (mean age 43 versus 29 years,
donors over 50 years old 33% versus 2%, respectively),
long-term survival was higher among group B recipients
(90%, 86%, 81% and 68% by 30 days, 1 year, 5 years and
10 years, respectively, against 93%, 89%, 78%, and 53%
in the same period in group A). In heart recipients who
survived within 1 year after surgery, the 10-year survival
was significantly higher in group B than in group A (80%
versus 60%, respectively, p < 0.0001). In particular, this
decrease was associated with a reduced incidence of
kidney injury (14% in group A versus 4% in group B).
According to the authors, such outcomes were achieved
thanks to the use of new immunosuppression protocols,
early prescription of statins regardless of cholesterol
levels, active treatment of arterial hypertension and pre-
emptive myocardial revascularization of the graft [68].
Since there are still no effective targeted pharmacothe-
rapeutic for AKI, prevention, and early identification of
patients at risk of AKI can potentially play an important
role in improving treatment outcomes. Risk factors for
AKI in heart transplantation have been studied by many
authors. Preoperative ones include preexisting renal dys-
function, diabetes mellitus, older age of both donor and
recipient, previous heart transplantation; Intra- and post-

operative ones include graft ischemic time, surgery and
CPB, large blood loss and much blood transfusions, me-
chanical circulatory support, functional heart graft failure
[69—71]. According to Wang et al., who retrospectively
analyzed heart transplants at 8 UK centers from 1995
to 2017, there was a steady increase in RRT use in the
30-day postoperative period — from 12% in 1995-2000
to 47.7% in 2011-2017. More frequent use of RRT was
associated with older age of donors, higher number of
recipients with urgent status, and more frequent use of
mechanical (intra-aortic balloon pump, extracorporeal
life support, assisted circulation) and inotropic support.
Statistical analysis revealed RRT predictors in the post-
transplant period: male gender, the need for left ventricu-
lar bypass and inotropic support before transplantation,
intraoperative kidney dysfunction, and development of
severe graft dysfunction after surgery. The use of organs
from older donors increased the risk of requiring RRT.
Besides, repeated surgical interventions and infectious
complications were significantly associated with the need
for RRT. As for the survival of recipients in this stu-
dy, this indicator in the group of recipients with a need
for RRT was lower than in other recipients only within
3 months after surgery. This difference was particularly
pronounced in the early post-transplant period (71.6%
and 94.7%, respectively) [72]. Meanwhile, according to
Boyle et al., in the group of heart recipients with AKI
requiring RRT, in-hospital mortality was 50% versus
1.4% in the group of recipients without AKI [73]. Guven
et al. reported that the need for RRT within 30 days after
transplantation was associated with higher mortality at
1 year after surgery (22% versus 8% in the group of
recipients who did not require RRT) [74]. In a study by
Romeo et al., this indicator in the group of heart recipi-
ents who received RRT within a month after surgery was
also significantly higher than in other recipients (59.2%
versus 5.8%) [75]. In all these studies, AKI requiring
RRT served as a unifying risk factor for high mortality,
but a common factor was also right ventricular failure —
graft dysfunction [73-75].

Heart transplant recipients represent a unique popula-
tion of patients in whom all types of cardio-renal syndro-
me can be observed at different stages of the pathological
process. Over the past two decades, studies conducted
among patients with severe heart failure have shown
that venous congestion is a major damaging mechanism
leading to the onset and progression of renal dysfunction,
along with decreased cardiac output. It also activates the
renin-angiotensin-aldosterone system with further sodi-
um and water retention, inflammation with production
of pro-inflammatory cytokines, endothelial dysfunction,
fibrosis activation, and increased intra-abdominal pres-
sure. In the meantime, clear data on the effect of such a
mechanism in donor heart recipients are fragmentary. For
example, several publications report that right ventricular
failure in the early postoperative period is combined with
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a high incidence of AKI requiring RRT with increased
mortality. Introduction of precision methods for asses-
sing and correcting hydration and volemic status in pati-
ents awaiting HTx and in cardiac recipients, would most
likely reduce AKI incidence and improve transplantation
outcomes. However, this requires further study.

The authors declare no conflict of interest.
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Background. Transplantation is presently the only treatment for end-stage liver and kidney failure. Up to 42%
of liver transplant recipients and up to 30% of kidney transplant recipients have neurological complications
from the transplantation. Acute symptomatic seizures (ACS) occupy an important place in the structure of early
postoperative neurological complications. Verification of the causes of seizures and management of the risk of
relapse is presently a critical task. Objective: to review recent advances in ACS assessment, prevalence, and
treatment approaches in liver and kidney transplant recipients. Materials and methods. The causes of ACS
after liver and kidney transplant are diverse. Nonspecific causes of seizures such as dysmetabolic and volemic
changes associated with transplantation are widely known. There are also specific syndromes associated with
seizures in liver and kidney recipients, such as posterior reversible leukoencephalopathy syndrome, neurotoxicity
of calcineurin inhibitors, hyponatremia in the final stage of liver failure, hypocalcemia in kidney recipients, etc.
Diagnosis is made based on general rules, and treatment depends on the identified causes of seizures. Management
of acute symptomatic seizures involves prescribing anticonvulsants according to the risk of seizure recurrence;
immunosuppression is converted when neurotoxicity is identified. Results. The diagnostic algorithm, and often
the treatment strategies, in ACS cases in liver and kidney recipients, are not clearly defined. Conclusion. Due to
the multiple causes of ACS, there are differences in treatment tactics. Further accumulation and generalization of
ACS outcome data will help in creating a convenient algorithm for rapid identification of the cause and the most
effective treatment tactics.

Keywords: acute symptomatic seizures, seizures, liver recipient, kidney recipient, transplantation,
neurological complications.

Organ transplantation is the only therapy for terminal
and irreversible kidney and liver failure. Modern ad-
vances in surgical techniques, immunosuppression, and
perioperative care have raised the 1-year survival rate to
90% [1, 2]. However, postoperative complications con-
tinue to occur. Neurological complications of orthotopic
transplantation account for 9—42% [3].

Acute symptomatic seizures (ASS) rank second
among neurological complications in liver or kidney
recipients, second only to post-transplant encephalopathy
[4], at 9-36% [5]. In survival studies, seizure syndrome
still predicts fatal outcomes in solid organ recipients
[6, 7]. In this regard, the issue of timely correction of
ASS in the postoperative period of transplantation seems
extremely relevant.

As defined by the International League Against Epi-
lepsy, ASS are seizures occurring in close temporal re-
lationship with an acute central nervous system insult,
which may be toxic, metabolic, infectious, inflammatory,
structural, or due to stroke [8]. The essential difference

between ASS and seizures in epilepsy is the prognosis.
With the situational nature, the risk of recurrent ASS is
low, so long-term treatment with anticonvulsants is not
required [8, 9].

ASS semiology can be quite varied. In adult recipi-
ents, it is usually represented by bilateral tonic-clonic
seizures. In childhood, focal seizures are more common
[10, 11]. ASS can recur throughout the day, becoming
serial, or follow each other without regaining conscious-
ness, which means development of status epilepticus. In
patients with impaired consciousness, nonconvulsive
status epilepticus recorded using an electroencephalo-
gram is also possible [7].

Common causes of postoperative seizures include
the proconvulsive effect of anesthetics [12], cerebral
edema, refeeding syndrome [13], dysmetabolic and vole-
mic changes, neurotoxicity of medications [14], anoxia,
and structural brain damage. Liver and kidney recipients
have additional causes of seizure syndrome.
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The purpose of this review was to describe the fea-
tures of ASS and approaches to their correction in pa-
tients after orthotopic liver and kidney transplantation.

ASS AFTER ORTHOTOPIC LIVER
TRANSPLANTATION

Various authors have reported that the incidence
of ASS after orthotopic liver transplantation (OLT) is
2.8-42% [4,7, 10].

The range of causes of this complication in liver reci-
pients in the early postoperative period is extensive and
includes dysmetabolic disorders, neurotoxicity of calci-
neurin inhibitors, structural and infectious brain damage.

Most cases of ASS in the early post-OTP period are
associated with immunosuppressants. For example, ac-
cording to Derle E. et al. (2015), calcineurin inhibitors
are responsible for ASS in 34% of cases [4]. Curiously,
no correlation between excess immunosuppressors and
occurrence of seizures has been found. ASS can deve-
lop even with normal blood levels [4]. Occurrence of
a seizure syndrome is more common in the first week
after OLT [11].

In 1%-10% of liver recipients, ASS is caused by va-
sogenic posterior cerebral edema [11, 15, 16]. On brain
MR, this is consistent with the picture of posterior re-
versible encephalopathy syndrome (PRES), also known
as reversible posterior leukoencephalopathy syndrome
(RPLS). In the pediatric population, this condition is
less common than in adults [6, 10]. PRES is associa-
ted with direct neurotoxicity of calcineurin inhibitors
[15, 17]. The mechanism of neurotoxicity of calcineurin
inhibitors is poorly understood. In a study by Dohgu S.
et al. (2004), cyclosporine promoted hyperpermeability
of the blood-brain barrier by altering endothelial and
astrocyte function [18]. Among the clinical manifesta-
tions of PRES are cortical blindness, seizure syndrome,
depression of consciousness to coma without increased
blood pressure.

In addition to calcineurin inhibitors, other drugs used
in liver recipients in the postoperative period can also
lead to neurotoxicity and ASS. Among them are isonia-
zid, methylprednisolone in combination with cyclospo-
rine, imipenem, penicillamine, ciprofloxacin, acyclovir,
etc [14, 19].

Metabolic causes of ASS (hypoglycemia, hypocalce-
mia, hypomagnesemia, hyponatremia, hypophosphate-
mia), according to Derle E. et al. (2015), were noted in
17.4% of cases [3, 4]. In liver recipients, preoperative
hyponatremia is associated with end-stage liver failure.
Plasma sodium levels below 115—120 mmol/L are asso-
ciated with ASS [8, 20]. Rapid perioperative correction
of hyponatremia can lead to such severe complications as
central pontine and extrapontine myelinolysis (CPM and
EPM) [21], the manifestations of which are: impaired
consciousness, locked person syndrome, ophthalmopare-
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sis, tetraparesis, and bulbar disorders [22]. An important
metabolic cause is refeeding syndrome, when the intro-
duction of parenteral or enteral nutrition after fasting is
accompanied by hypophosphatemia, hypomagnesemia,
hypokalemia, and thiamine deficiency. Clinical mani-
festations may include focal neurological symptoms,
seizures, cerebral edema, and respiratory disorders.

Structural brain damage as a cause of seizure syndro-
me occurs in 13% of liver recipients [4]. Among them
are hemorrhagic and ischemic cerebrovascular disea-
ses (CVDs), brain abscess, and meningoencephalitis.
Hemorrhagic or ischemic CVDs, according to Kim B.
et al. (2007), occurs in 2—4% of liver recipients [23]. A
higher risk of CVDs was noted in adult patients with
pre-transplant diabetes mellitus [24].

Among Central nervous system infections, the herpes
virus family is particularly relevant among liver recipi-
ents. Specifically, herpesvirus 6 can manifest with limbic
encephalitis and seizures [25]. Progressive multifocal
leukoencephalopathy (PML), a rare fatal demyelinating
disease of the central nervous system caused by reacti-
vation of the John Cunningham virus (JCV); it affects
patients with pre-existing immunodeficiency [26—28].
The MRI picture may be similar to PRES, but the con-
dition does not improve when immunosuppression dose
is reduced or when immunosuppressants are converted,
but continues to progress steadily [29].

Another cause of ASS in the early post-OLT period
is sepsis. ASS against the background of sepsis occurs
in 8.7% of patients [4]. Sepsis-associated encephalopa-
thy is characterized by acute changes in mental status,
cognitive functions, altered sleep/wake cycle, disorien-
tation, impaired attention and/or disorganized thinking
in the absence of direct evidence of brain infection [30].
Exaggerated motor activity with agitation and/or hallu-
cinations can sometimes be observed, and agitation and
drowsiness can occur alternately. Other but less frequent
motor symptoms include asterix, tremor, and multifocal
myoclonus [31].

The causes of ASS are often not limited to any one
thing. A combination of two or more factors occurs in
26.1% of patients [4].

Diagnosis

There is no standard algorithm yet for identifying the
causes of ASS in liver transplant recipients, but Shepard
P.W. et al. (2012) suggest the following examinations:
assessment of acid-base balance, serum electrolyte com-
position, including phosphorus and magnesium, neuroi-
maging to rule out circulatory disorders, electroencepha-
logram, lumbar puncture [32].

Treatment and prevention

Treatment of ASS in patients after OLT largely de-
pends on the cause. So, in the case of neurotoxicity and
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development of PRES, reducing the immunosuppression
dose and converting the therapy are carried out [7, 17].
Ismail et al. (2017) describe a successful return of tac-
rolimus after complete restoration of neurological status
in patients with tacrolimus-induced PRES [33].

Correction of metabolic disorders completely stops
ASS. Slow correction of hyponatremia no faster than
15 mmol/L in 24 hours or 18 mmol/L in 48 hours avoids
CPM and EPM [34].

As for anticonvulsants directly, levetiracetam is pre-
ferred because this drug does not affect hepatic enzymes,
which allows the use of lower doses of immunosup-
pressants and avoids drug interactions [35]. In general,
levetiracetam, gabapentin, pregabalin and lacosamide are
the drugs of choice for the treatment of focal seizures
in post-transplant patients. They have been shown to be
quite effective and well tolerated [32]. Benzodiazepines,
fosphenytoin, intravenous forms of levetiracetam, val-
proic acid, and lacosamide can be used when it is neces-
sary to stop ASS [32]. Unfortunately, fosphenytoin and
lorazepam for injection are not registered in the Russian
Federation [36], and lacosamide is contraindicated for
children under 16 years of age [37].

Chabolla D.R. et al. (2006) recommend anticonvul-
sant therapy for 1-3 months in patients without struc-
tural brain damage [38, 39]. In cases of structural brain
damage, Shepard P.W. et al. (2012) use anticonvulsants
for a long time [32] .

In order to prevent seizure syndrome, more authors
suggest controlling metabolic parameters and the level of
immunosuppressive drugs [4, 39]. When seizures occur
before OLT, prescription of antiepileptic drugs is required
only if there is a history of neurological disease, such as a
history of traumatic brain injury or nontraumatic sponta-
neous intracranial hemorrhage. The Epilepsy Foundation
of America suggests that seizures prior to OLT outside
of existing epilepsy be considered acute symptomatic
within stage 3—4 hepatic encephalopathy [40].

ASS risk factors in liver recipients

Balderramo D. et al. (2011) confirmed the correlation
of calcineurin inhibitors neurotoxicity with hepatic fai-
lure before OLT, hyponatremia after OLT, OLT surgery
time of more than 7 hours [41].

Later, in 2016, Wu S.-Y. et al. identified additional
risk factors for neurological complications after OLT,
such as hyponatremia, hepatic insufficiency (high MELD
values), bacterial infection suffered the week before OLT,
nutritional deficiency (BMI below 21.6 kg/m?*), over-
weight (BMI above 27.6 kg/m?), renal failure, Child-
Pugh class C cirrhosis, recipient age below 29 and over
60 years [42].

Tacrolimus levels above or equal to 8.9 ng/mL within
7 days were identified by Kumar S.S., Mashour G.A.,
and Picton P. in 2018 as a separate risk factor [3].

The risk of recurrent seizure in case of cerebrovas-
cular disorders, transplant rejection, and sepsis is high,
and anticonvulsants are recommended [32].

ASS AFTER ORTHOTOPIC KIDNEY
TRANSPLANTATION

According to Sawhney H. et al. (2020), ASS develops
in about 30% of kidney recipients in the early postopera-
tive period [43]. The spectrum of causes of ASS includes,
as well as in liver recipients, dysmetabolic disorders,
drug neurotoxicity, structural and infectious brain dama-
ge. In addition, kidney recipients have specific causes of
ASS, namely, hypertensive encephalopathy, disequilib-
rium syndrome and uremia [43].

Some of the most frequent causes of post-kidney
transplant seizure syndrome are dysmetabolic disorders.
According to Pochineni and Rondon-Berrios (2018),
hypophosphatemia, hypomagnesemia, and hypocalce-
mia are associated with ASS [44]. According to Meena
et al. (2020), hyponatremia developing in the first day
after kidney transplantation is manifested as ASS [45].
Electrolyte parameters correlating with ASS are presen-
ted in Table 1.

Table 1

Barras P. et al. (2019): Critical values
of biochemical indicators of ASS [46]

Indicator Value
Sodium <115 mmol/L
Ionized calcium <5.0 mg/dL (<1.2 mmol/L)
Magnesium <0.8 mg/dL (<0.3 mmol/L)
Phosphate <2.5 mg/dL (<0.79 mmol/L)
Creatinine >884 umol/L

Malignant hypertension in patients with end-stage
renal failure, with hemolytic uremic syndrome before
and after kidney transplantation are associated with the
development of PRES [47, 48]. The clinical picture is
similar to tacrolimus-induced PRES, with high blood
pressure additionally recorded. In hypertensive crisis,
increased blood pressure level causes autoregulation fai-
lure of intracranial vascular tone and vasogenic edema
of parietal and occipital brain lobes, manifested on MRI
as symmetrical increase in MR signal from parietal and
occipital areas in FLAIR and T2 modes [49]. On brain
CT, these changes are hypodense [50]. Garg R.K. (2001)
notes that the seizure syndrome distinguishes PRES from
bilateral occipital infarcts [50].

Disequilibrium syndrome is associated with a sharp
decrease in blood urea levels amid hemidialysis with flu-
id redistribution and occurrence of cerebral edema with
depressed consciousness and seizures [51]. Bhandari B.,
Komanduri S. (2021) singles out the following predispo-
sing factors: high urea nitrogen level above 60 mmol/L,
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history of neurological diseases, hyponatremia, hemo-
lytic uremic syndrome, and sepsis [51].

Uremic encephalopathy is characterized by decreased
levels of consciousness, motor disorders, ataxia, and
convulsions. Motor disorders in uremia, represented by
tremor, asterixis and myoclonus, can be confused with
ASS [52]. The Epilepsy Foundation of America reports
that ASS occurs in one-third of patients with uremic
encephalopathy [53]. Video-EEG monitoring allows for
differential diagnosis, as there is no epileptiform activity
in motor disorders [43].

Diagnosis
The diagnostic algorithm is not standardized; the

following examinations are used in practice: blood gas,
electrolytes, neuroimaging, and electroencephalogra-

phy [32].

Treatment and prevention

Treatment of ASS in kidney recipients depends on
the cause of the attack. Correction of electrolyte distur-
bances, stabilization of BP levels, dialysis, and use of
benzodiazepines quickly stop the seizures. Stabilizati-
on of hypertension completely stops vasogenic cerebral
edema in hypertensive PRES. Haughey D., Narsipur
S.S. (2014) suggest the use of magnesium sulfate in this
case [49], and Medeni S.S. et al. (2018) successfully
used calcium channel blockers in a patient with atypical
hemolytic uremic syndrome and hypertensive PRES. In
the case of disequilibrium syndrome, Doorenbos C.J.
(2001) suggests using 5 mL of 23% saline or 12.5 mL of
intravenous mannitol to increase plasma osmolarity and
reduce further osmotic shift, but this opinion is based on

limited data [54]. Mistry K. (2019) recommends increa-
sing dialysis time, reducing urea by 40% within 2 hours
at the start of dialysis [55].

Chabolla D.R. et al. in 2006 developed a first aid
protocol for ASS in kidney recipients, and in 2020 the
protocol was slightly revised by Sawhney H. (2020) [43].
It is presented in Table 2.

Among anticonvulsant therapies, valproic acid is the
drug of choice in kidney recipients. It should be noted
that the drug is an inhibitor of liver enzymes and can
alter the concentrations of immunosuppressants [43].

Valproic acid has several advantages over other anti-
convulsants with respect to lever recipients: kidneys are
not involved in its metabolism, dose adjustment is not
needed depending on glomerular filtration rate (GFR), an
additional dose is only required after high-flux hemodia-
lysis, is effective for almost all types of seizures, can be
administered intravenously, and can be used in children.

Levetiracetam can be used for ASS in kidney reci-
pients because of its rapid anticonvulsant effect when
administered intravenously. However, this drug requires
dose adjustment depending on GFR and on the back-
ground of hemodialysis. Dose adjustments for anticon-
vulsants based on GFR are shown in Table 3.

Risk factors of ASS in kidney recipients

Due to the fact that ASS are one of the threatening
early post-kidney transplant complications, the search for
predictors of their development is of undoubted interest.
It is assumed that preoperative EEG data may serve as
one of the candidates for the role of a predictor. EEG
changes in uremia were detected in 70% of cases and
were represented by bifrontal slow-wave activity and
2-sided spike-and-wave activity of 3—6 Hz [56], which

Table 2

Practical approach to the management of bilateral tonic-clonic seizure in a kidney recipient (Chabolla
D.R. et al., 2006 [39], modified by Sawhney H., 2020 [43])

Acute onset of generalized tonic-clonic seizure

Airway patency assessment, RR, HR

Benzodiazepines

Seizure stopped

Eliminate or correct identified provocative factors

Neurological examination, EEG, brain MRI

Continuous seizure or recurrent

If examination reveals no pathology, follow-up without antiepileptic therapy

seizures without regaining
consciousness — follow the

start anticonvulsant therapy

If the examination reveals a pathology (EEG-epileptic activity or MR-structural lesion)
or a spontaneous recurrent seizure occurs during follow-up without antiepileptic therapy —

epileptic status protocol

Table 3
Anticonvulsant doses depending on GFR [43]
GFR (mL/min) 60-90 30-60 15-30 <15 Hemodialysis
Leveti 500-1000 mg | 250-750 mg | 250-500 mg | 500-1000 mg | Additional dose of 250-500 mg after
evetiracetam . . . e
twice/day twice/day twice/day once/day dialysis
Valproic acid | No correction | No correction | No correction | No correction | Correction required for high-flux dialysis
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is regarded as part of the existing encephalopathy. The
representation of slow rhythms and specific EEG pat-
terns correlates with the stage of CKD and may be a tool
for recognizing subclinical uremic encephalopathy [57].
EEG changes are thought to be associated with high urea
and chloride levels and low calcium levels [58]. How-
ever, EEG findings in studies have not been a reliable
predictor of post kidney-transplant seizures but have
correlated with developmental abnormalities [58]. Whe-
reas postoperative EEG can be useful in diagnosing and
determining treatment strategies when determining the
cause of coma: nonconvulsive status epilepticus or en-
cephalopathy, as well as in making differential diagnosis
of epileptic and non-epileptic seizures [32]. According
to the Lorie DH (2008) single-center study, pre-kidney
transplant ASS did not predict pre-transplant recurrent
seizure [58].

Since epileptic seizures can be triggered by fluctua-
tions in blood sodium, calcium, magnesium and glucose,
regardless of the underlying disease, these indicators may
well be considered as predictors. Accordingly, Nardone
R. etal. (2016) suggests that routine monitoring of blood
electrolyte levels in case of dysmetabolic seizures is
crucial for seizure control and prevents irreversible brain
damage in patients [59].

Thus, the causes of acute symptomatic seizures deve-
loping in children after orthotopic liver and kidney trans-
plantation are very diverse. Approaches to the correction
of ASS and assessment of their prognostic significance
largely depend on pathogenetic mechanisms. Most of
the cases of this early-postoperative complication can
be attributed to potentially manageable conditions. At
the same time, as it was found out from the analyzed
literature, there is currently no standardized diagnostic
tactics for ASS. Accordingly, developing such a diag-
nostic tactic seems very relevant, as it can help to reduce
the time for establishing a diagnosis and making decis-
ions on treatment interventions.

The authors declare no conflict of interest.
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As the survival rate of cardiac recipients improves, higher incidence of malignancy in the late postoperative period
becomes essential for their prognosis. Immunosuppressive therapy is one of the key prerequisites for successful
transplantation. However, long-term use of immunosuppressive agents increases the incidence of malignant tu-
mors compared to the general population. The risk of their development after organ transplantation increases by
2—4 times compared to the general population. For patients who have undergone transplantation since 2000, the
risk of developing malignant neoplasms 1-5 years after surgery is estimated at 10-12%. Timely comprehensive
examination of patients, development of new immunosuppression schemes, treatment of those predisposing to
the development of malignant neoplasms and giving up harmful habits will reduce the risk of malignant tumors
and help diagnose these serious complications at an early stage, which, in turn, will increase the life expectancy

of solid organ (particularly the heart) recipients.

Keywords: heart transplantation, immunosuppressive therapy, malignant tumors.

INTRODUCTION

Heart transplantation (HTx) remains the most effec-
tive surgical treatment for refractory congestive heart
failure. Provided that patient selection criteria are met,
HTx can significantly increase patients’ life expectancy,
improve exercise tolerance and quality of life, and often
allow patients to return to work. Apart from organ shor-
tage, the main problems of transplantology are related to
lack of effectiveness and safety of immunosuppressive
therapy in the long term, which is associated with cellu-
lar and/or antibody-mediated graft rejection, infectious
diseases, hypertension, renal failure, malignancies, and
coronary artery vasculopathy in some patients [1].

In Russia, as elsewhere in the world, the most sig-
nificant side effects of immunosuppressive therapy are
malignancies, infectious complications, nephropathy,
and diabetes mellitus [2].

According to the International Society for Heart
and Lung Transplantation (ISHLT) report on HTx in
adults, based on data submitted by 394 transplant cen-
ters observing 104,000 patients worldwide, the median
survival after HTx was 8.5 years in recipients operated
on between 1982 and 1992 and 10.9 years in recipients
operated on from 1993 to 2003. The report concludes,
however, that the improvement was mainly due to a de-
crease in mortality in the first year after HTx and that

mortality at a later date did not fall significantly [3].
In 2018, there were reports showing that 16% of patients
who lived 5 years after HTx and 28% of patients who
lived 10 years after HTx were diagnosed with at least
one case of malignancy in one location or the other. Mo-
reover, malignancies are now the leading cause of death
in patients who had HTx more than five years ago [4],
confirming the importance of research on this topic. As
short- and mid-term outcomes improve, long-term HTx
complications, such as coronary artery vasculopathy and
malignant tumors, become increasingly important. The
risk of developing malignancies after organ transplanta-
tion is 2—4 times higher than in the general population,
with the risk being higher in heart and/or lung recipients
than in liver and/or kidney recipients [5—7]. For patients
who have already had a transplant surgery, the risk of
malignancy 1-5 years after HTx is estimated at 10-12%
[8]. Despite the urgency of the problem, there have been
relatively few studies on cancer incidence after heart
transplantation. The incidence of malignant tumors af-
ter heart transplantation has varied widely in previous
studies, ranging from 3% to 30%. This wide variation in
results is mainly due to the different follow-up periods in
different studies and the lack of detection of skin cancer,
the most common post-transplant malignancy, in many
large studies [9].
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FEATURES OF THE COURSE OF CANCER
IN PATIENTS WITH HEART TRANSPLANTS

According to the registry of the University Hospitals
Leuven (Belgium), which included 563 patients who
underwent primary heart transplantation over 25 years
(1987-2013), malignant tumors of various localizations
occurred in 181 patients (263 diagnosed cases of vari-
ous tumors), which was 4511 cases per 100,000 patient-
years. The mean age of the patients was 63 = 11 ye-
ars, the time after HTx was 7.7 + 5 years. Screening
for post-transplant malignancies was an integral part
of follow-up and included clinical examination at each
visit, annual chest x-ray, dermatologic examination, and
gynecologic examination or prostate-specific antigen
testing. Mammography and colonoscopy were performed
according to current international guidelines [8]. The
cumulative incidence of cancer 1, 5, 10, and 20 years
after transplantation was 2% (95% confidence interval
[CI], 0—4%), 14% (95% CI, 10-18%), 29% (95% CI,
25-33%), and 60% (95% CI, 52—-68%), respectively.
The most common cancer type was squamous cell skin
cancer (58 patients, 22% of all cancers) and followed
by basal cell skin cancer (51 patients, 19%). Many skin
cancer patients had primary multiple tumors: 180 cases
of squamous cell carcinoma in 58 patients and 111 cases
of basal cell carcinoma in 51 patients. Forty-one patients
(16%) had lung cancer, 30 (11%) had lymphoma, and
25 (10%) had prostate cancer. Increased risk factors for
post-transplant malignancy in univariate Cox propor-
tional hazards analysis were: having HTx before 2000
(hazard ratio [HR] 1.4; P <0.047), older than 50 years at
the time of HTx (HR 3.3; P <0.001), male gender (HR
2.1; P<0.001), history of smoking (HR 1.5; P<0.010),
immunosuppressive therapy with azathioprine (compa-
red with mycophenolate mofetil, HR 1.4; P < 0.044) or
with cyclosporine (compared with tacrolimus, HR 1.7;
P <0.05), coronary etiology of cardiomyopathy causing
HTx (HR 1.4; P <0.024).

Recipient’s age at the time of transplantation was
the most important risk factor, which is consistent with
the data obtained from many registries. The risk of
malignancy correlates both with age of patients after
transplantation [10] and age of the general population
[11]. A possible explanation is the aging of the immune
system, which undermines the ability to defend against
tumor cells. The aging of the immune system begins in
early childhood with involution of the thymus, leading
to decreased production of native T cells, and continues
throughout life with gradual functional impairment of
T cells. In older patients who have undergone HTx, the
aging of the immune system is exacerbated by immu-
nosuppressive therapy, which leads to increased risk of
malignancy [12].

Another important risk factor was the male gender of
the recipient. This was due in part to the higher incidence

of prostate tumors in men compared to breast tumors
and cervical cancer in women. However, the pattern was
also observed after excluding these three diseases, which
is consistent with other studies [13—15]. Curiously, the
same differences in susceptibility to tumors are also ob-
served in the general population [16]. This phenomenon
may be caused by hormonal [17] and sex chromosome-
specific effects on immune regulation [18], although
the exact mechanisms of this phenomenon remain to be
elucidated. Although the introduction of safer immu-
nosuppressive therapy regimens and a reduced risk of
cancer in patients operated on after 2000 is encouraging,
the risk of malignancy in this localization remains high.

Not only are post-HTx malignant tumors more com-
mon than in the population, but they also usually have
a poorer prognosis. The average survival for cancers of
various localizations in HTx recipients is 2.9 years after
diagnosis, which is significantly lower than the survival
of patients with similar diseases in the general population
[12, 19]. The incidence of tumors in this group of patients
and the high mortality rate from them requires constant
attention during the entire period of patient follow-up.
Since immunosuppressive therapy is probably the most
important modifiable risk factor for post-HTx cancer,
individualizing immunosuppression may help reduce the
risk of complications and, consequently, increase sur-
vival and life expectancy in this patient population [8].

A study at HUS Helsinki University Hospital (Fin-
land) analyzed data from 479 adult heart transplant reci-
pients transplanted in 1985-2014 (total of 4491.6 person-
years of follow-up) and a mean follow-up of 7.8 years.
Of all patients, 415 (86.6%) were alive 30 days and 386
(80.6%) one year after HTx. At the end of follow-up, 234
(48.9%) patients were alive. The mean age at the time of
surgery was 52 years, 79.5% of the patients were male.
A total of 267 cancers were reported in 143 patients du-
ring follow-up; the cumulative incidence after 1, 5, 10,
and 20 years was 0.3%, 8.7%, 22.3%, and 52.4%, res-
pectively. 96.3% of all malignant tumors were detected
in men. The mean time from HTx to the development
of cancer was 8.9 years. Among all patients, 21 had a
history of malignancy of various localizations before
HTx, of whom 11 (52.0%) were diagnosed de novo in
the postoperative period. There were no recurrences of
a previous malignancy [20].

Malignant tumors were classified as the cause of
death in 52 patients, representing 21.2% of all deaths in
the cohort during follow-up. There were only 2 deaths
from malignancy within the first year after HTx, and
9 deaths within the first five years after HTx. The cancer
risk ratio for the entire cohort of patients after HTx was
3.1 (95% CI 2.4-4.1), increasing slowly over time after
HTx: 2.3 (95% CI 0.8-4.9) in the first five years after
HTx, 3.0 (95% CI 1.6-4.1) 5.0) at 5-10 years, 3.3 (95%
CI2.2-4.8) at 10-20 years, and 4.6 (95% CI 2.0-8.8) at
20 years after HTx. HR to develop malignant tumour was
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higher for men (3.3; 95% CI 2.5-4.3) than for women
(1.8; 95% CI 0.5-4.7) and was highest in younger pati-
ents: 8.0 (95% CI2.5-18.6) <40 years old with HTx, 5.8
(95% CI 3.3-9.3) in patients 40—49 years old, 2.0 (95%
CI 1.3-3.2) in patients 5059 years old, and 3.2 (95%
CI 1.8-5.2) in patients over 60 years old at the time of
malignant tumor detection. The study showed that the
incidence of malignant tumors of different localizations
in Finnish heart transplant recipients was six times higher
and mortality three times higher than in the Finnish po-
pulation as a whole, which is consistent with data from
other studies [21, 22]. Basal cell carcinoma was the most
common malignancy in the described cohort — more than
half of all detected malignant tumors. Other cancers that
were generally common in the Finnish population were
also frequent: prostate cancer, lung cancer, and kidney
cancer. Nevertheless, the incidence rate for all of them
was significantly higher than that of the population, with
the exception of prostate cancer. There were many cases
of non-Hodgkin lymphoma (n =36, HR 25.7) and lip and
tongue cancer (HR 47.4 and 26.3, respectively).

Results of the study indicate that there is a high in-
cidence of malignant tumors of various localizations
among heart and/or lung recipients, the most common
of which was squamous cell skin cancer [5, 23, 24].
Because oral cancers are associated with human papil-
lomavirus (HPV) infection [25], chronic carriage of the
virus on the background of immunosuppressive thera-
py has been recognized as a predisposing cause for the
development of these cancers in heart recipients [26]. It
has been suggested that HPV infection is a predisposing
factor in the development of squamous cell skin cancer
in heart transplant recipients [27].

The use of polyclonal antibodies to human lymphocy-
tes for immunosuppression is thought to increase the risk
of lymphoma and skin cancer. In recent years, along with
a decrease in the use of polyclonal antibodies, a decrease
in the incidence of lymphoma after heart and lung trans-
plantation has been reported [28]. Squamous cell skin
cancer was the most common and more aggressive type
of cancer, which emphasizes the importance of regular
skin examinations, especially because the disease tended
to be more severe in solid organ recipients than in other
patients [26]. Further studies are needed to determine the
effect of immunosuppressive therapy regimens on the
incidence of malignant tumors of various localizations,
as well as to identify other possible risk factors for their
occurrence in heart recipients.

The increased risk of malignancy in heart transplant
recipients requires regular examinations and self-exa-
mination. Current guidelines in the Russian Federation
include blood testing for Epstein—Barr virus (by poly-
merase chain reaction), measurement of prostate-specific
antigen levels, mammography, and chest X-rays [2].

IMMUNOSUPPRESSIVE THERAPY AS A RISK
FACTOR FOR MALIGNANCY AFTER HEART
TRANSPLANTATION

Immunosuppressive therapy is one of the key condi-
tions for a successful transplant surgery. However, many
studies have reported that long-term use of immunosup-
pressants after transplantation increases the incidence of
malignancy compared to the general population [12, 29].

Immunosuppressive therapy after HTx can be divided
into induction and maintenance therapy. Induction im-
munosuppressive therapy is prescribed for a set period of
time after surgery, while maintenance therapy is prescri-
bed for life. Induction immunosuppressants that are used
for HTx include rabbit antithymocyte globulin (ATG),
equine ATG, and interleukin 2 receptor antagonists (ba-
siliximab). According to the ISHLT registry, induction
immunosuppressants were used in 52% of all patients
with HTx in 2002 and 47% of all patients with HTx in
2012. In recent years, the preferred type of induction
therapy has been ATGs or IL-2 receptor antagonists,
which were administered in 27% and 21% of cases in
2002 and in 19% and 28% in 2012 [30]. The fact that
only about half of all HTx recipients worldwide receive
some form of induction therapy reflects the disagreement
over its scope. The benefits include earlier reduction
in glucocorticoid (GCS) doses and delayed initiation
of calcineurin inhibitors (Cls) without a higher risk of
rejection, as shown in randomized [30], retrospective
[31] and prospective studies [32]. This avoids the side
effects of GCS and the nephrotoxic effects of Cls. How-
ever, there are not yet enough large, randomized studies
yet to draw conclusions about the safety and efficacy of
immunosuppressive drugs used for induction therapy.
Their long-term side effects are not yet fully understood,
and there are concerns that they may increase the risk of
infections and tumors [33]. To remove uncertainty about
the potential benefits and harms of induction therapy for
HTx, a Cochrane review was conducted in 2013 with
a meta-analysis of 22 randomized trials [34]. Mortali-
ty and major complications, such as acute and chronic
heart graft rejection reactions, development of infections,
malignancies of various localizations, and decreased re-
nal function, were studied. When comparing treatment
regimens, acute graft rejection reactions were less com-
mon with induction therapy. Unfortunately, most of the
studies included in the review did not last long enough
to assess the risks of malignancy after HTx. Therefore,
longer studies on this topic are needed to draw a defini-
tive conclusion [35].

Maintenance immunosuppression after HTx usually
consists of GCS, Cls (cyclosporine or tacrolimus) and
mycophenolate mofetil, azathioprine or m-TOR inhibi-
tor (everolimus or sirolimus). Cls inhibit the calcineu-
rin enzyme in T cells, thereby preventing their proli-
feration and differentiation, while the antimetabolites
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azathioprine and mycophenolate mofetil in turn inhibit
the cell cycle of T and B cells, thereby having a more
pronounced effect on both T and B cells [36]. According
to the ISHLT registry, the frequency of Cls and anti-
metabolites in patients who survived 1 year after HTx
has remained about the same since 2000 (98% and 88%
respectively in 2000, 94% and 89% currently). At the
same time, by 2012, cyclosporine was prescribed signi-
ficantly less frequently than tacrolimus (13% versus 81%
in patients who lived 1 year after HTx). The advantages
of tacrolimus over cyclosporine were shown in a meta-
analysis of 10 randomized trials involving 952 patients
after HTx [35]. Tacrolimus was less likely to cause ar-
terial hypertension, hyperlipidemia, hirsutism, and gin-
gival hyperplasia, and in some studies, it was associated
with lower overall post-HTx mortality. However, there
were no significant differences between tacrolimus and
cyclosporine in terms of appearance of malignancies
and some other complications. Likewise, azathioprine is
actively replaced by mycophenolate mofetil (3% versus
85% in patients surviving 1 year after HTx). Everoli-
mus and sirolimus inhibit m-TOR (mammalian target
of rapamycin), thereby reducing the proliferation and
differentiation of T and B cells [36]. According to the
ISHLT registry, the proportion of heart transplant reci-
pients receiving an m-TOR inhibitor 1 year after trans-
plantation increased from 3% in 2000 to 13% in 2012.
M-TOR inhibitors are currently being studied for use in
patients with chronic kidney disease and graft vasculo-
pathy, but their use is limited by side effects, especially
poor wound healing [37]. Everolimus is used not only
after HTx but also in the treatment of some malignancies,
such as renal cell carcinoma, pancreatic neuroendocri-
ne tumors, and HER2-positive breast cancer [38—40].
The use of sirolimus in kidney recipients reduced the
risk of malignant tumors [41, 42]. However, the risk of
developing malignant tumors in patients treated with
everolimus after HTx is poorly understood, although in
a 2016 experimental study, retrospective follow-up of
HTx patients showed promising results. At follow-up
from March 1, 1990 to March 1, 2015 (mean period,
69.2 months) at the National Taiwan University Hospital
in 454 patients receiving combined immunosuppressive
therapy, including mycophenolate mofetil (n = 232) or
everolimus (n = 222), malignancies were diagnosed in
27, of whom 23 (85%) received mycophenolate mofetil
and 4 (15%) received everolimus. Everolimus therapy
was significantly safer (9.91% vs. 1.80%, P <0.001). The
most common malignancies were lymphoma (n = 7), skin
cancer (n = 5), and prostate cancer (n = 3). The 2-year
overall survival after detection of malignant tumor did
not differ significantly — 50% in the everolimus group
and 47% in the mycophenolate mofetil group (P =0.745).
Perhaps the benefits of everolimus can be explained by
the increased expression of E-cadherin, which promo-
tes inhibition of cyclin-dependent kinase (CDK) p27*!,

decreased cyclin D1 expression and cell cycle arrest of
the tumor cell in the G1 phase, thus preventing tumor
growth and metastatic progression [43].

MALIGNANT TUMORS OF VARIOUS
LOCALIZATIONS IN HEART RECIPIENTS

Skin cancer is the most common malignancy seen in
transplant recipients, accounting for 42% to 50% of all
post-HTx tumors. The average interval between HTx and
skin tumor diagnosis correlates with the age of the reci-
pient at the time of transplantation. In general, patients
over 50 years of age have a higher risk of developing
the cancer than younger patients.

There are both external and internal risk factors for
skin cancer. Ultraviolet radiation appears to be the main
one [44], since skin cancer develops on areas exposed
to prolonged and intense sun exposure, and is more fre-
quently seen in patients exposed to high sun exposure
after transplantation (>10,000 hours) [45, 46]. The inci-
dence of skin cancer is directly correlated with the con-
centration of immunosuppressive drugs and the presence
and frequency of rejection episodes in the first year after
HTxx [47], more common in people with fair skin (Fitz-
patrick type II), blue eyes, and blond or red hair [47, 48,
52]. The likelihood of developing skin cancer after HTx
depends on gender [47].

The histologic pattern most often corresponds to
squamous cell or basal cell carcinoma [49], localized to
the head and neck (70%), trunk (9%), upper extremities
(17%), or lower extremities (4%) [50]. Squamous cell
carcinoma is 65-250 times more common in patients after
HTx than in the general population, basal cell carcinoma
is 10 times more common than in the general population
[51]. The ratio of squamous cell carcinoma to basal cell
carcinoma in the population is approximately 1:4, and
the ratio of patients after HTx, by contrast, is 4:1 [48].
Squamous cell carcinoma is more severe in transplanted
heart patients than in the general population; in addition,
HTx patients have a higher risk of developing primary
multiple cancer, risk of metastasis, perineural and lym-
phatic invasion, and local recurrence due to infectious
diseases, especially infection with HPV [51, 52]. Patients
with squamous cell carcinoma have a higher incidence
of solar keratosis [52]. Another common skin cancer is
melanoma, which occurs mostly in patients with fair
skin, light hair and eyes, and a tendency to freckles. Heart
recipients have a 1,633-fold increased risk of melanoma,
and the prognosis of the disease is poor because of the
development of long-term metastases [52].

The incidence of Kaposi sarcoma is much higher in
patients who have had HTx, also higher than in the ge-
neral population [48] with incidence rates ranging from
0.41% to 1.2% [53]. Herpes virus infection and the ef-
fect of immunosuppressive therapy have been cited as
reasons for the increased incidence [49]. About 60% of
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Kaposi sarcoma cases were nonvisceral (98% were skin
tumors, 2% were oral or oropharyngeal tumors), and
the remaining 40% were visceral — most often affecting
the gastrointestinal tract, lungs, and lymph nodes. The
prognosis for Kaposi sarcoma is poor, with a median
survival of 23.6 months after diagnosis. Death occurs
either directly from the disease progression or as a result
of acute graft rejection [54].

Lymphoproliferative disease is the second most com-
mon cancer in HTx recipients [56] and the most common
disease in pediatric heart transplant recipients [55]. Most
cases occur within 1 year of HTx [44], the incidence
in patients after HTx ranges from 1.5% to 11.4% [56],
which is higher than in other organ recipients, and it is in-
dependent of factors such as age and gender, and does not
increase over time, unlike other types of cancer [57, 58].
Epstein—Barr virus infection plays an important role in
the pathogenesis of lymphoproliferative diseases, so their
incidence remains high for 5 years after HTx [12, 59].

Lymphoproliferative diseases after solid organ trans-
plantation are potentially malignant complications, af-
fecting about 1% of recipients [60]. In contrast to the
general population, the development of lymphoprolifera-
tive disease in HTx recipients affects not only the lymph
nodes but also the liver, lungs, central nervous system,
intestines, kidneys, and spleen. Gastrointestinal and re-
spiratory organs are the most common target organs in
pediatric heart transplant recipients [61]. Although lower
doses of immunosuppressants are sufficient to achieve
remission in some patients, most require rituximab and/
or chemotherapy. Patients with relapsed lymphoma have
a poor prognosis and require treatment with new drugs,
such as PD-1 monoclonal antibody inhibitors nivolumab,
pembrolizumab, or atezolizumab [62].

Solid tumors are relatively rare compared to skin tu-
mors and lymphomas, but the prognosis for these disea-
ses is also significantly worse than for skin tumors and
lymphomas. The most common post-HTx solid organ
cancer is lung cancer. The most important risk factor for
its development, along with immunosuppressive therapy,
is old age [63]. Non-small cell lung cancer is the most
common type of lung tumor seen after heart transplan-
tation, but there are also reports of mesothelioma and
carcinoid tumors [55, 56, 64]. According to Goldstein
et al. [56], the average interval from HTx to diagnosis
of lung cancer, is 35.7 months. The prognosis for lung
cancer patients depends on the stage, and is poor in the
later stages of the disease. The main reasons of such high
mortality include late detection, metastasis, and rapid
tumor growth [65].

As for malignant tumors of other solid organs, the
incidence of prostate and bladder cancer, according to a
single-center study from the United States, is 0.79% [56].
Bladder malignancies have been shown to be among the
most aggressive in cardiac transplant patients, with a
higher incidence than in the general population. Continu-
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ed smoking after transplantation, high blood levels of tes-
tosterone, and sexual activity are important risk factors.
Adenocarcinoma is the most common type of prostate
cancer [65]. The median interval between transplantati-
on and tumor diagnosis is 36.5 months, and the median
survival after diagnosis and treatment is 27 months. The
leading cause of death in prostate cancer is metastasis to
remote organs and tissues [55].

Salivary gland tumors are usually late in detection,
extremely aggressive, and metastasize early [56, 65].
Adenocarcinoma is another frequent type of gastric and
intestinal cancer in HTx recipients. Tumors of this type
are also prone to rapid metastasis [55].

Renal cell cancer, breast and pancreatic adenocarci-
nomas, liver cancer, cervical cancer, and cholangiocarci-
noma of the biliary tract are rarer types of malignancies
seen after HTx [66].

CONCLUSION

The risk of malignant tumors of various localizations
is significantly higher in heart recipients than in the ge-
neral population. This is associated with immunosup-
pressive drugs, smoking, and patient age. Timely com-
prehensive examination of patients, development of new
immunosuppression regimens, treatment of infections
predisposing to the development of malignant tumors,
and avoiding bad habits will help to reduce the risk of
malignant tumors, enable diagnosis of complications at
early stages, and thereby increase the life expectancy
of recipients.
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Management of solid organ recipients requires a significant amount of research and observation throughout the
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intelligence tools make it possible to analyze the so-called ‘big data’. Machine learning technologies are based
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INTRODUCTION

Solid organ transplantation is one of the most high-
tech and knowledge-intensive fields of modern medicine.
Therapy for solid organ recipients requires a significant
amount of research and observation, both before trans-
plantation and after surgery, throughout the recipient’s
life. Routine follow-up of recipients include a wide range
of imaging, clinical and laboratory methods, which ne-
cessitates analysis of large volumes of data [1].

The accumulated data on patients and various proce-
dures are typically stored in specialized databases [2, 3],
scientific registries [4] and in medical histories. As these
data and procedures increase in volume, there is a natural
need for tools that can be used to analyze the so-called
“big data”. In recent years, information technologies,
such as machine learning, neural networks and other
artificial intelligence tools, have been increasingly used
in biomedical research, mainly in fields involving large
volumes of complex data, such as genomics and bioin-
formatics [5]. The number of examples of Al applications
in transplantology is small, but they have noticeably
increased in number in recent years [6—10].

Although the terms ‘artificial intelligence’, ‘machine
learning’ or ‘artificial neural networks’ are widely used
in the literature, the essence of these methods, their capa-
bilities and weaknesses are not fully understood [11, 12].

The aim of this study is to review the current literature
on application of artificial intelligence (AI) systems for
solving problems in transplantology.

Areview of foreign and Russian research publications
in the publicly available databases of Pubmed, Russi-
an Science Citation Index, CyberLeninck and Google
Scholar for the past 5 years, using keywords (“artificial
intelligence”, “machine learning”, “artificial neural net-
works”, “transpl*”’) and their combinations, enabled us
to find over 6000 papers, of which about 30 were related

to transplantology.

TERMINOLOGY

Artificial intelligence (Al) is the general name for
a number of computer technologies, such as expert sys-
tems, computer vision, robotics, machine learning, etc.,
that are based on the concept of a machine simulating
human intelligence. The first expert systems began to be
used as early as the 1970s, for example, to interpret elec-
trocardiograms. More significant advances were made
at the beginning of the 21st century in the field of image
recognition [13].

The main features of Al are considered to be the
ability to analyze data, applying different algorithms to
achieve given goals, analyze and tune the performance of
algorithms, and then apply them to new data, repeating
and updating the previous process and data samples.

Al technology, like any other technology, uses a large
number of terms and definitions that require specialized
knowledge to understand. Below are simplified defini-
tions of the most commonly used terms in this field.

Machine learning (ML) is a class of artificial intel-
ligence methods and a class of computer programs that
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can, by performing certain tasks, improve and increase
problem-solving performance over time and as new data
are introduced in the program.

Expert system is a subset of machine learning. It is
built on the basis of decision-making rules. A computer
model is trained (to solve specific problems, e.g., predic-
tion) using statistical theories/methods or by identifying
certain patterns/regularities in the data.

Deep learning (DL) is a set of machine learning me-
thods based on learning representations, rather than spe-
cialized algorithms designed to solve specific problems.
In practice, deep learning, also known as deep structured
or hierarchical learning, uses a large number of hidden
layers of nonlinear processing to extract features from
data and transform data to different levels of abstraction
(representations). Artificial neural networks are created
using deep machine learning methods.

Artificial neural network (ANN) is a mathemati-
cal model, as well as computer software, built on the
principle of organization and functioning of biological
neural networks — networks of epy nerve cells of a li-
ving organism. ANN is a system of interconnected and
interacting simple processors (artificial neurons). Each
processor of such a network deals only with signals it
periodically receives and signals it periodically sends to
other processors. Neurons are organized into layers. The
number of layers for each network is individual and de-
pends on the applied problem being solved. Technically,
neural networks are not programmed, but trained. Lear-
ning is a process of finding coefficients of connections
between neurons.

Decision tree is a tree-like flowchart structure with
internal nodes, branches and leaves. The internal no-
des contain questions (e.g., does the patient have fever
>39 °C), branches represent the answer (e.g., yes or no),
and the leaves represent the final definition of data clas-
ses (e.g., sick or healthy).

Random forest is a machine learning algorithm con-
sisting of a set of decision trees.

K-nearest neighbor is a machine learning algorithm
for solving classification and regression problems based
on similarity (e.g., proximity or distance) between availa-
ble data and new data.

Naive Bayes is a machine learning algorithm that
uses probabilistic classifiers based on Bayes’ theorem
that assumes no relationship between predictor variables.

K-means clustering — an algorithm that identifies
similar characteristics of data in a set and divides them
into subgroups.

Various types of learning models are used in machine
learning, which are not described in this paper [14—16].

EVALUATION OF Al MODELS

When analyzing the results obtained with ANN-based
models, it is important to understand how adequate they

are, what the performance of the model is, and whether
it has been adequately validated. Usually used for this
purpose are performance characteristics that are similar
to those used for evaluating traditional tests, calculated
using ROC analysis: AUROC (area under the receiver
operating characteristic), C-statistic (sensitivity and spe-
cificity), and metrics such as accuracy, positive predicti-
ve value, negative predictive value, and F1 scores [17].

Al-based models, like traditional statistical models,
must be validated in a different patient population, at a
different center, or under different conditions. Model
performance may change with new data, e.g., a different
CT image resolution obtained with a different scanner, a
different electronic medical record system, etc. Therefo-
re, it is important to pay attention to whether the model
has been externally validated.

Al IN TRANSPLANTOLOGY

Risk prediction plays an important role in clinical
trials in transplantology. Most risk assessment models
are based on regression analysis, which allows us to
determine the nature of the relationship between pre-
dictors and outcomes [18]. However, such models have
many disadvantages: they only allow estimating a limited
number of predictors that are assumed not to change
throughout the life of the participants. Besides, these
methods do not allow for analysis of nonlinear relation-
ships, often require data conversion into binary form,
and do not allow for analysis of large datasets. Deep
machine learning methods provide ways of overcoming
these shortcomings [19, 20].

Much of the work on the use of Al in transplantology
is devoted to solving survival and rejection problems,
mainly in kidney or liver recipients [21-29]. Other im-
portant tasks to be solved by machine learning methods
are selection of compatible donor/recipient pairs [7, 30],
prediction of graft dysfunction [31-33], and selection of
optimal immunosuppression regime [8, 34, 35].

Tapak et al. used machine learning algorithms to pre-
dict primary graft dysfunction as an important criterion
for liver transplantation [36]. Machine learning was used
to select 15 main donor, recipient and graft characteris-
tics affecting the development of graft dysfunction within
30 days after transplantation. Based on the 15 donor and
recipient parameters determined before transplantation,
algorithms were developed to predict graft dysfunction
with a mean AUROC of 0.835 — using ANN.

Several machine learning algorithms, including a
neural network, were tested in Miller et al. using data
from the United Network of Organ Sharing (UNOS)
database from 1987 to 2014 [37]. The authors evaluated
the 1-year survival of heart transplant recipients and
compared the results with a standard statistical model
based on logistic regression. They used 80% of the data
as a training sample and 20% for validation. C statistic
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evaluation of the models showed that the neural network
had characteristics (AUROC = 0.66) similar to those of
logistic regression (AUROC = 0.65). The authors con-
cluded that the machine learning algorithms, derived
from the original dataset they used, were not superior
to traditional methods. However, they suggested that
Al could outperform traditional statistical methods if
augmented with new data from e-medical records.

In Reeve et al. [38], Al was used to assess the prog-
nosis of renal transplant rejection. Clinically confirmed
biopsy results were used to verify the diagnosis of T
cell-mediated and antibody-mediated rejection. Al-based
algorithms showed a higher level of accuracy compa-
red to the accuracy obtained by physicians (92% for T
cell-mediated rejection and 94% for antibody-mediated
rejection).

Bertsimas et al. developed an optimized mortality
prediction model (OPOM) for predicting the 3-month
waitlist mortality in liver recipients [39]. The work used
a large data set including 1,618,966 observations and
various machine learning methods, including neural
network and logistic regression. In liver transplantati-
on, when the OPOM model was used for donor organ
allocation, there were 41,796 fewer recipient deaths per
year compared with the traditional MELD system: the
AUROC for OPOM was higher than that for MELD:
0.859 and 0.841, respectively. The authors showed that
the OPOM model is also suitable for patients with he-
patocellular carcinoma, but the model requires external
validation: there are plans for the model to be tested on
a new group of patients.

I. Scheftner et al. derived a survival prediction mo-
del for kidney recipients [40]. A retrospective cohort of
kidney recipients who underwent biopsy after transplan-
tation according to the protocol was divided into data
sets for training and validation. The model demonstrated
good performance using data before kidney transplanta-
tion, as well as data 3 and 12 months after the surgery.
Apart from previously established age, cardiovascular
disease, diabetes and graft function, the effectiveness of
graft rejection therapy and urinary tract infections were
found to be important predictors of patient survival.

ADVANTAGES AND DISADVANTAGES OF Al

Machine learning methods are versatile tools that
can be widely applied to a variety of problems in trans-
plantology. However, like any other analytical method,
machine learning has its strengths and weaknesses. The
strengths of machine learning include the ability to detect
patterns and trends that cannot be detected using the
classical statistical methods, and the ability to process
multidimensional and diverse data. An important feature
of machine learning technology is the ability to improve
the accuracy and efficiency of predictions as experience
and data volume increase.

A weakness of machine learning is the difficulty in
interpreting results, which in some cases may not make
biological sense and have no practical application. In
addition, large amounts of data are needed to ensure
the accuracy of the results when training an algorithm
or model. As with conventional diagnostic or predic-
tive models, the quality of inferences drawn from Al
algorithms depends on the characteristics of the dataset
used to train the model. As with conventional methods,
it is important to consider the inclusion and exclusion
criteria of the study. For example, a model to predict
liver transplant survival based on donor/recipient pair
compatibility may be inaccurate for recipients with he-
patocellular carcinoma if the input dataset did not include
enough of such patients.

CONCLUSION

Machine learning algorithms can be valuable tools
for supporting a decision-making process on donor or-
gan allocation, level of risk of post-transplant compli-
cations, or selection of an immunosuppressive therapy
regimen, which is particularly relevant in settings, where
suboptimal donor organ use can worsen waitlist or post-
transplant mortality. The use of artificial intelligence can
help to gain new insights from “old” data and make a si-
gnificant contribution to improving transplant outcomes
and survival rates in solid organ recipients.

The authors declare no conflict of interest.
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