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ПриОритетНые ЗАдАчи 
В 2022 ГОдУ: КОНСОлидАЦиЯ 
трАНСПлАНтОлОГичеСКОГО 
СООБЩеСтВА. eT mulTa alia…
Глубокоуважаемые коллеги!
Предваряя первый в 2022 году 

номер  журнала,  традиционно 
хотелось  бы  определить  при-
оритеты нашей деятельности 
на  ближайшее  время.  Требова-
ние сегодняшнего дня – развитие 
трансплантологии в регионах РФ 
и формирование в нашей стра-
не  единого  профессионального 
поля, объединяющего не только 
крупные федеральные, но и регио-
нальные трансплантологические 
центры.
ФГБУ  «НМИЦ  ТИО  им.  ак. 

В.И.  Шумакова»  Минздрава 
России, выполняя функции наци-
онального медицинского  иссле-
довательского центра по профилю «хирургия 
(трансплантация органов и (или) тканей чело-
века)», координирует и непосредственно участ-
вует в развитии трансплантационной помощи 
в  субъектах РФ. Регулярно осуществляются 
выезды в регионы для изучения состояния орга-
низации трансплантационной помощи, участия 
в выполнении первых трансплантаций органов.
Созданию единого профессионального поля 

способствует и налаженная система телеме-
дицинских консультаций, которые проводятся 
с медицинскими организациями субъектов РФ в 
режиме 24/7 для повышения доступности квали-
фицированной медицинской помощи пациентам 
независимо от их места жительства.
Неотъемлемым  условием  является  подго-

товка и повышение квалификации профессио-
нальных кадров. Образовательный центр ФГБУ 
«НМИЦ ТИО им. ак. В.И. Шумакова» Минздра-
ва России готовит медицинские кадры для всех 
субъектов РФ; с помощью дистанционных на-

Our 2022 PriOriTieS: 
cOnSOlidaTinG 

The TranSPlanT cOmmuniTY. 
eT mulTa alia…

Dear colleagues,
As we expect the release of the 

first issue of the Journal for the year 
2022, traditionally we would like to 
set out our priorities for the nearest 
future. Our current commitment is 
to develop the transplantology in-
dustry across the length and breadth 
of  the Russian Federation and  to 
form a unified professional field that 
unites not only large national but 
also regional transplant centers in 
our country.
As a national medical research 

center in the area of surgery (trans-
plantation of human organs and/or 
tissues),  the  Shumakov  National 
Medical Research Center of Trans-

plantology and Artificial Organs coordinates and di-
rectly participates in the development of transplant 
care across the Russian Federation. The Shumakov 
Center pays regular visits to regions in the country 
to study the state of transplant care there and par-
ticipate in organ transplant surgeries being carried 
out for the first time.

A well-oiled system for 24/7 telemedicine consul-
ting, held in conjunction with medical organizations 
in the federal subjects of the Russian Federation in 
order to increase access to quality healthcare for 
patients, regardless of their place of residence, also 
contributes to the creation of a unified professional 
field.
Professional training and upskilling are an es-

sential condition. The educational training center 
at Shumakov Center trains medical personnel from 
all federal subjects in Russia; modern clinical pro-
tocols  for prevention,  diagnosis,  treatment,  and 
rehabilitation of specialized patients are transmit-
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учно-практических мероприятий в субъекты РФ 
транслируются современные клинические про-
токолы профилактики, диагностики, лечения и 
реабилитации профильных пациентов.
Совершенствование системы донорства ор-

ганов для трансплантации остается приори-
тетным направлением и одновременно ресурсом 
для дальнейшего развития трансплантационной 
помощи нашим согражданам в регионах. Опыт 
и успехи московской системы координации ор-
ганного донорства демонстрируют потенциал 
развития, который пока еще предстоит реали-
зовать в других субъектах РФ.
И безусловно, наша общая задача – развитие 

научных исследований, качество и уровень ко-
торых соответствуют современному мирово-
му уровню. Наши читатели, конечно, обратили 
внимание, что тематика научных публикаций 
из года в год расширяется, в том числе за счет 
медико-биологических исследований, работ по 
регенеративной  медицине.  Такая  тенденция 
будет сохраняться, отражая поступательное 
развитие трансплантологии как интегральной 
области медицины и биомедицинской науки.
Как сегодня, так и в будущем мы видим свое 

назначение в создании условий и обеспечении 
консолидации отечественного трансплантоло-
гического сообщества ради повышения доступ-
ности и улучшения клинических результатов 
трансплантации. Необходимы более активная 
трансляция технологий, обучение специалистов 
в области системы донорства для трансплан-
тации, развитие научных исследований и мно-
гое другое (et multa alia, как говорили древние) – 
ведь в нашем деле нет мелочей. Этим вопросам 
мы по-прежнему будем уделять внимание и на 
страницах журнала, и на ежегодных всероссий-
ских мероприятиях – съездах и конгрессах Рос-
сийского трансплантологического общества.
От лица всей команды редколлегии и редак-

ционного совета журнала желаю нашим по-
стоянным и потенциальным авторам, а также 
читателям, всем членам профессионального со-
общества успешной творческой деятельности 
в наступившем 2022 году.

С уважением,
главный редактор
академик РАН С.В. Готье

ted to Russia’s federal subjects by means of remote 
academic and research events.

Improving  the  system  of  organ  donation  for 
transplantation remains a priority and at the same 
time a resource for further development of trans-
plantation care for our fellow citizens living in the 
regions of the country. The experience and successes 
of the Moscow system for organ donation coordi-
nation demonstrate the potential for development, 
which is yet to be realized in other federal subjects 
of the country.

And of course, our common objective is to de-
velop scientific research, whose quality and level 
are consistent with today’s global standards. Our 
readers must have noticed that  the  topics  in our 
research publications are expanding from year to 
year, which is partly due to medical and biological 
research and works on regenerative medicine. This 
trend will continue, thereby reflecting the progres-
sive development of transplantology as an integral 
field of medicine and biomedical science.

Both today and in the future, we see our pur-
pose as creating conditions and consolidating the 
national transplant community in order to increase 
accessibility to and improve clinical outcomes of 
transplantation. Active  technology transfer,  trai-
ning of specialists in the field of donation system for 
transplantation, development of scientific research 
and much more (et multa alia, as the ancients said) 
are all needed because there are no trifles in our 
business. These issues we will continue to pay at-
tention to both on the pages of our Journal and at 
annual all-Russian events like the conventions and 
congresses of the Russian Transplant Society.

On behalf of the entire editorial team and edi-
torial board, I would like  to  thank and wish our 
permanent and potential authors, as well as readers 
and all members of the professional community, a 
successful creative research and work in the year 
2022.

Sincerely,
S.V. Gautier (Editor-in-chief)

Academician of the Russian Academy  
of Sciences
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cOmBined TreaTmenT Of unreSecTaBle hilar 
chOlanGiOcarcinOma wiTh SuBSequenT liver 
TranSPlanTaTiOn
D.A. Granov,  I.I.  Tileubergenov, V.N. Zhuikov, A.R.  Sheraliev, A.A. Polikarpov, 
A.V. Moiseenko
Granov Russian Scientific Center for Radiology and Surgical Technology, St. Petersburg, 
Russian Federation

Objective: to demonstrate the experience of unresectable hilar cholangiocarcinoma treatment using neoadjuvant 
therapy followed by liver transplantation (LT). Materials and methods. From 2017 to 2021, six patients were 
included in the treatment protocol for unresectable Klatskin tumor followed by liver transplantation at Granov 
Russian Scientific Center for Radiology and Surgical Technology. The neoadjuvant therapy included endobiliary 
photodynamic therapy (PDT), as well as regional and systemic chemotherapy. Each method was used at least three 
times for 4 to 5 months with radiological evaluation and measurement of CA 19-9 levels. Patients were placed on 
the waiting list when the tumor marker reduced, or when there were no radiological signs of disease progression 
and there was no acute cholangitis. The recipients underwent laparoscopic abdominal revision for carcinomatosis 
and assessment of lymph nodes in the hepatoduodenal ligament with urgent morphological examination. Where 
there was no extrahepatic spread, LT was performed according to the classical technique with paracaval, para-aortic 
and hepatoduodenal lymphodissection, biliodigestive anastomosis by an isolated Roux loop of small intestine. The 
operation was performed in three patients, all of them were men aged 40 to 55 years (mean 48). The mean time 
from the start of treatment to transplantation was 9.3 months (range 6 to 14). Mean CA 19-9 level at the time of 
intervention was 81.3 IU/mL (8 to 212). Results. In three patients, CA 19-9 levels more than doubled on average 
over four months despite treatment. According to data from computed tomography RECIST assessment, two of 
the patients showed disease progression. In one patient, carcinomatosis was detected by diagnostic laparoscopy. 
In three patients, CA 19-9 levels decreased more than fourfold. Two of these patients were radiologically confir-
med to have the disease stabilized, and one had a partial response. One patient died from sepsis three years after 
transplantation as a result of secondary biliary cirrhosis and biliary abscesses without signs of progression. Two 
patients are still alive after 6 and 21 months without signs of tumor progression. Conclusion. LT for unresectable 
Klatskin tumor is effective in controlling the bioactivity of the tumor through the use of neoadjuvant therapy.
Keywords: Klatskin  tumor,  hilar  cholangiocarcinoma,  liver  transplantation,  photodynamic  therapy,  regional 
chemotherapy.

Corresponding author: Vladimir Zhuikov. Address: 70, Lenigradskaya str., St. Petersburg, 197758, Russian Federation.
Phone: (965) 033-19-34. E-mail: zhuikov.v@mail.ru

inTrOducTiOn
Hilar cholangiocarcinoma (HCC), or Klatskin tumor, 

arising from the epithelial cells of the bile duct, is a rare 
and extremely aggressive disease. It usually manifests in 
late stages, thus leading to late diagnosis and low survival 
rate. The best results are achieved by radical surgical 
intervention in the volume of liver resection with lym-
phodissection. However, some studies have shown that 
resectability in HCC is about 30–50%, 5-year survival 
rate under R0 resection is no more than 30–40% [1], and 
5-year recurrence rate reaches 70% [2].

In addition, local recurrence occurs in 50% of cases 
after radical surgical intervention, and distant tumor me-
tastasis occurs in 30–40% of patients [3]. The high fre-
quency of “positive” surgical margins is down to the lack 
of detailed understanding of the spread of the process due 

to extended, predominantly proximal periductal tumor 
growth with a macroscopically unchanged bile duct wall.

Thus, it should be recognized that resection is cur-
rently considered the preferred treatment when techni-
cally possible. However, this technique is feasible only 
for a narrow group of patients, and oncological results, 
although the best available, are often not enough to 
achieve >30% 5-year survival rate. Most patients at the 
moment of referral already have unresectable forms of 
Bismuth-Corlette type IV, IIIa, IIIb with contralateral 
damage to vascular structures (branch of hepatic artery 
or portal vein) and correspond to TNM T4N0M0 stage 
IIIC. Such tumor spread does not allow for radical sur-
gical intervention (liver resection in various volumes). 
Meanwhile, the role of palliative therapies and their com-
binations – systemic chemotherapy (CT), regional CT, 
photodynamic therapy (PDT), brachial/external beam 
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Fig. 1. Brief description of a multidisciplinary protocol for the treatment of unresectable Klatskin tumor with subsequent liver 
transplantation, developed at Granov Russian Scientific Center for Radiology and Surgical Technology

Fig. 2. X-ray picture of a 55-year-old patient with bilaterally 
installed external-internal cholangiodrainage. The red circle 
marks the area of confluence of the lobar bile ducts with the 
tumor stricture

radiation therapy – increases in these cases. Adequate 
biliary tree drainage and the control of cholangitis with 
regular bacteriological investigation of bile is of primary 
importance in the care of these patients due to the high 
risk of developing septic conditions. In some cases, with 
proper approach amidst palliative treatment, it is pos-
sible to stabilize the disease by reducing the bioactivity 
of the tumor.

In this situation, liver transplantation (LT) can be 
considered as an ideal treatment for patients with un-
resectable HCC due to complete removal of tumor tis-

sue and the whole organ with potential macroscopically 
invisible micrometastases and substrate for recurrence. 
However, available studies have shown that the best LT 
outcomes in Klatskin tumor can be achieved only with 
proper patient selection and in combination with neoad-
juvant therapy [4]. For example, the Mayo Clinic treat-
ment protocol demonstrates an 82% 5-year survival [5].

maTerialS and meThOdS
From 2017 to 2021, six patients were included in 

the treatment protocol for unresectable HCC followed 

by LT (Fig. 1) at Granov Russian Scientific Center for 
Radiology and Surgical Technology.

The criterion for unresectability was segmental bile 
ducts lesion – Bismuth-Corlette type IV or IIIa, IIIb 
with contralateral lesion of vascular structures (branch 
of hepatic artery or portal vein). The stage of the disease 
was established via computed tomography, magnetic 
resonance imaging (MRI) and direct cholangiography 
(Fig. 2).

Patients with a tumor size <5 cm and located above 
the cystic duct were considered. Distant metastases were 
excluded by radiological methods of investigation. In 
all cases, histological confirmation by intravesical bi-
opsy, assessment of CA 19-9 levels (in the absence of 
active cholangitis) before treatment, regular bacterio-
logical examination of bile and appropriate antibacterial 
therapy were mandatory. Used as neoadjuvant therapy 
was a combination of endobiliary photodynamic therapy 
(PDT), regional CT (Fig. 3) and systemic CT.
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Fig. 3. Angiogram of a 40-year-old patient. Arterial intro-
ducer (indicated by red arrow) is inserted into the common 
hepatic artery for regional chemotherapy

Each technique was used at least three times for four 
to five months with radiological evaluation and deter-
mination of CA 19-9 levels in order to control tumor 
growth and bioactivity. Patients were placed on the LT 
wait list for only when the tumor marker was reduced, 
there were no radiological signs of disease progression, 
and there was no acute cholangitis. Prior to orthotopic 
liver transplantation (OLT), the potential recipient under-
went laparoscopic abdominal revision for carcinomatosis 
and assessment of lymph nodes of the hepatoduodenal 
ligament with excision of suspicious tissue for morpho-
logical examination. Where extrahepatic spread was his-
tologically confirmed, LT was not performed, otherwise, 
it was performed according to the classical technique 
with paracaval, para-aortic and hepatoduodenal lym-
phodissection, biliodigestive anastomosis by an isolated 
Roux loop of small intestine. All suspicious (enlarged/
dense) lymph nodes in the area of hepatoduodenal liga-
ment, ribs, aorta and inferior vena cava were removed. 
This, according to the classification of the Japanese Re-
search Society for Gastric Cancer (JRSGC), corresponds 
to anatomic groups 5, 7, 8a, 8p, 9, 12a, 12b, 12p. LT 
was performed in three patients, all of whom were men. 
Their age ranged from 40 to 55 years (mean 48). The 
mean time from the start of treatment to transplantation 
was 9.3 months (6 to 14). The mean CA 19-9 level at 
the time of OLT was 81.3 IU/mL (8 to 212). A standard 
triple immunosuppression (tacrolimus, mycophenolic 
acid, prednisolone) was used in the postoperative period.

reSulTS
Despite inclusion in the treatment protocol and neo-

adjuvant therapy, three patients showed a more than 
twofold increase in CA 19-9 levels over an average of 
four months. RECIST CT scan showed that one of them 
had disease progression. Diagnostic laparoscopy dem-
onstrated that one patient had carcinomatosis.

Against the background of a combination of methods 
(photodynamic therapy, regional chemotherapy, systemic 

chemotherapy) as neoadjuvant treatment, CA 19-9 was 
normalized in two patients, while a fourfold reduction 
of the tumor marker level was achieved in one patient. 
On follow-up CT scan, two of these patients responded 
to treatment as the disease stabilized, one patient had 
a partial response. Diagnostic laparoscopy and biopsy 
of hepatoduodenal lymph nodes in all patients with de-
creased CA 19-9 levels did not reveal tumor elements in 
the examined material, which allowed for OLT (Table). 
One of the examined specimens of the removed liver 
showed no macroscopic signs of tumor (Fig. 4).

Small single foci of cholangiocarcinoma could be 
detected only by additional slicing of the microslide 
(pathomorphosis stage IV) (Fig. 5).

One patient died from sepsis 3 years after OLT as a 
result of secondary biliary cirrhosis and biliary abscesses 
without signs of progression. It should be noted that 
the patient did not comply, had an episode of chronic 
rejection in the first six months after surgery due to vio-
lation of the medication regimen. Also, ischemic bile 

Table
Neoadjuvant treatment with tumor marker dynamics and RECIST response for all patients included 

in the protocol. Treatment results
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1 49 7 11 8 986 8 CR OLT at 14 months 36 months 50 months
2 40 4 4 5 754 24 SD OLT at 8 months 21 months 29 months

3 37 4 4 4 337 754 SD Carcinomatosis in diagnostic 
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Fig. 4. Photo of a macroscopic specimen (removed recipi-
ent’s liver). No macroscopic signs of tumor (indicated by red 
arrow) in the bile duct lumen

Fig. 5. Photo of a macroscopic specimen. Single foci of 
cholangiocarcinoma detected by additional slicing. Grade 4 
pathomorphosis

duct injury resulting from arterial insufficiency of blood 
supply to the graft cannot be ruled out. Two patients are 
still alive for 6 and 21 months without signs of cancer 
progression.

diScuSSiOn
The use of LT as a treatment option for HCC pa-

tients has been attempted since the 1980s. Despite the 
reasonable potential advantage of complete removal of 
the affected organ with the achievement of a “negative” 
resection margin, the outcomes have left much to be 
desired. At the dawn of attempts to solve this problem, 
clinics performing LT in HCC reported a 3-year survival 
rate of about 30% [6]. Such results have led the global 
medical community to the conclusion that providing 
radical surgery by unilaterally hepatectomizing the re-
cipient cannot significantly improve long-term outcomes. 
Moreover, immunosuppression is known to increase the 
risk of tumor progression and can lead to rapid patient 
death. However, a careful analysis of the accumulated 
materials revealed that cohorts of patients with “nega-
tive” resection margins and no metastases in regional 
lymph nodes had much better survival rates. Besides, a 

small group of patients at the Mayo Clinic who received 
only chemoradiotherapy without subsequent surgical 
treatment had a 22% 5-year survival rate [7]. Unsatis-
factory outcomes of standard HCC treatment methods 
and the success of individual studies were the trigger for 
the active use of combined methods. With data indicat-
ing the effectiveness of chemoradiotherapy for HCC 
and the knowledge that disease progression is usually 
associated with local recurrence rather than distant me-
tastases [8], a Nebraska transplant team first developed 
a strategy – high dose-rate neoadjuvant brachytherapy 
in combination with 5-fluorouracil (5-FU) chemotherapy 
and subsequent LT [9]. Of course, there were biliary, 
infectious and vascular complications associated with 
the use of high dose-rate brachytherapy and peculiari-
ties of the course of the disease. However, early results 
were promising with regard to the development of local 
recurrences. Subsequently, the Mayo Clinic adopted this 
concept, developing a similar protocol for neoadjuvant 
therapy followed by LT in 1993. The protocol combined 
the benefits of radiation therapy, chemotherapy, and LT 
with appropriate selection of patients with localized, 
unresectable HCC. Preliminary results for 11 patients re-
ported in 2000 were encouraging, and an update in 2004 
reported an 82% 5-year survival rate in 28 patients [5].

Unfortunately, the domestic practice of LT in HCC 
appears to be extremely scarce and unsystematic, judging 
by the absence of a significant volume of publications. 
Treatment of technically unresectable HCC is pallia-
tive, and its results and prognosis differ little from those 
of disseminated process and, as a rule, are caused by 
rapidly progressing biliary obstruction and cholangitis. 
The primary task in treatment of such patients is biliary 
decompression in order to relieve mechanical jaundice 
and purulent cholangitis [10]. For this patient cohort, bili-
ary decompression involves percutaneous transhepatic 
cholangiostomy due to the impossibility of performing 
retrograde drainage in more than a half of cases with 
proximal extrahepatic bile duct strictures [11].

The standard anti-tumor treatment for unresectable 
HCC, as well as for any form of inoperable locally 
disseminated or metastatic cholangiocellular carcino-
ma based on Russian and foreign clinical guidelines, 
is systemic polychemotherapy according to GemCis 
(gemcitabine/cisplatin) or GemCap (gemcitabine/
capecitabine) scheme, as well as high-precision stereo-
tactic conformal chemoradiotherapy with fluoropyrimi-
dines [12, 13] or other options of chemotherapy and 
radiotherapy, depending on the patient’s somatic status, 
individual intolerance and developing complications.

At the same time, according to the combined statistics 
of the effectiveness of these treatment methods for all 
inoperable malignant tumors of biliary structures, the 
median overall survival is 8–10 months [14]. Some of the 
best results achieved by chemoradiotherapy demonstrate 
a 30% 4-year survival rate [15].
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Endobiliary PDT is a relatively new progressive treat-
ment for unresectable HCC. The efficacy of PDT in com-
bination with biliary decompression has been confirmed 
by numerous studies, some of which have shown a five-
fold difference in life expectancy [16–19].

Being engaged in hepatobiliary and endovascular sur-
gery and oncology in general, as well as HCC and LT in 
particular, we have been trying to use the entire arsenal 
of available options for this nosology for a long time. 
Like most of our colleagues, for biliary decompression 
we perform percutaneous transhepatic cholangiodrainage 
with mandatory evaluation of the bile microbial land-
scape and antibacterial therapy. The presence of percu-
taneous transhepatic drainage in the biliary tree in HCC 
patients implies that delivery of the emitter to the af-
fected area is relatively easy and that multiple repetition 
of PDT procedure is possible, which has been confirmed 
by our own experience.

The ideological similarity between the world-re-
nowned Mayo protocol and the treatment protocol de-
veloped by us is the stopping of tumor growth, reduction 
of biological activity of the tumor until radical treatment. 
Our neoadjuvant treatment includes PDT and no radia-
tion therapy (RT). The efficacy of LT in unresectable 
Klatskin tumor is beyond doubt. However, as the authors 
themselves admit, implementation of external beam and 
intraductal brachytherapy is often accompanied by severe 
cholangitis, biliary abscesses, sepsis and vascular com-
plications [5, 9], which, in our opinion, is manifested as 
pronounced proliferation of connective tissue and forma-
tion of rough cicatricial structures in the hepatoduodenal 
ligament. This cannot but affect the intraoperative preci-
sion of dissection of anatomical structures and formation 
of anastomoses, which significantly complicates vascular 
reconstruction during LT. The need to maintain a balance 
between the benefits and possible complications makes 
it necessary to keep the issue of RT use open. However, 
with regard to chemotherapy, we believe that in addition 
to the use of systemic chemotherapy, implementation 
of transarterial chemoinfusion (TAI) allows to create a 
high concentration of chemotherapy drug in a limited 
anatomical area, thereby increasing the cytostatic ef-
fect. In addition, direct angiographic examination allows 
to clearly assess the degree of involvement of vascular 
structures in the tumor process. In our opinion, alternat-
ing systemic chemotherapy and TAI with endobiliary 
PDT sessions is the best option for neoadjuvant therapy.

An additional advantage of the neoadjuvant protocol 
is the “test of time”, as a cohort of patients with ag-
gressive tumor biology experience disease progression 
despite ongoing treatment [20]. In such cases, LT is not 
indicated.

cOncluSiOn
Indications for LT and its success in unresectable 

Klatskin tumor are determined by the effectiveness of 

palliative treatment for at least 3–4 months by reduc-
ing the tumor biological activity (assessment of tumor 
marker, size, metastatic lesion, extrahepatic spread) and 
control of acute cholangitis.

The authors declare no conflict of interest.
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After the first clinical liver transplantation (LTx) in 
1963, primary biliary cholangitis (PBC) was for a long 
time the leading indication for LTx. LTx in PBC patients 
accounted for 30–50% of all liver transplants [1–3]; in 
the first decade of the 21st century, there was a decline to 
10% [1]. Despite the increasing prevalence of PBC, this 
disease is no longer the leading indication for LTx. In the 
last decade, there has been a trend toward an even greater 
decrease in the number of liver transplants for PBC [4], 
in Europe they represent about 9% of all liver transplants 
[5], and in Asia only 3.5% [6]. According to the European 
Liver Transplantation Registry, the proportion of liver 
transplantations for primary biliary cholangitis decreased 
from 20% in 1986 to 4% in 2015 (P < 0.001) [7].

In the United States between 1995 and 2006, while 
the total number of liver transplants increased, the ab-
solute number of liver transplantations in the United 
States increased an average of 249 transplants per year 
between 1995 and 2006 (P < 0.001); the absolute number 
of transplants performed for PBC decreased an average 
of 5.4 cases per year (P = 0.004). A similar pattern was 
observed with respect to the absolute number of indi-
viduals added to the transplant waitlist showed a similar 
pattern: (1) an increase in total listings for transplants of 
all diagnoses (P = 0.001); 2) a decrease in the number of 
PBC patients (P < 0.001); (3) no significant change (P = 
0.083) in the number of patients with primary sclerosing 
cholangitis [8].

Early detection of the disease by serological tests 
and treatment with ursodeoxycholic acid (UDCA) at 
the initial stage of the disease not only increased life 
expectancy, but also dramatically reduced the need for 
orthotopic LTx [8, 11], especially in patients with a fa-
vorable biochemical response to treatment [9, 10]. In the 

Netherlands, over the past three decades, there has also 
been a decrease in both the absolute and relative number 
of liver transplants in PBC [4]. The authors attribute 
this trend to the common use of UDCA as a standard 
treatment for PBC, but do not exclude the possibility 
of other mechanisms, given the many complex factors 
determining the final number of patients referred for 
transplantation and who eventually underwent it [4].

UDCA lowers serum hepatic enzyme levels and sig-
nificantly reduces the likelihood of death after four years 
or the need for LTx [12]. Nevertheless, approximately 
40% of patients have no biochemical response to UDCA 
treatment [13–15]. Inadequate response to UDCA treat-
ment is directly associated with an increased risk of death 
or the need for LTx [16, 17]. Therefore, LTx remains the 
only option to prevent premature death in patients with 
advanced PBC [18]. The waitlist mortality rate in PBC 
patients is 12%, which is significantly higher than the 
mortality rate of liver failure of other etiologies [19].

There is an increase in the age of patients with PBC 
at the time of transplantation [20, 21]. In one study [22], 
the age of some patients exceeded 60 years. In addition, 
it has been found that an increasing number of men with 
PBC are undergoing LTx over time [7, 22]. According 
to the European Liver Transplantation Registry, between 
1986 and 2015, the age at LTx increased from 54 (IQR 
47–59) to 56 years (IQR 48–62), and the proportion of 
males increased from 11% to 15% [7].

Indications for liver transplantation in PBC  
patients. Patients with PBC require LTx if the disease 
proceeds to an end stage [23]. Liver transplantation is 
the only effective treatment for end-stage PBC with quite 
satisfactory results [18].
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Indications for transplantation are poor quality of life 
or possible death within less than one year. According 
to G.C. Mac Quillan and J. Neuberger (2003) [24], with 
many prognostic models available, the simplest guide-
line for timing of LTx is the level of serologic bilirubin. 
Deterioration of the condition of patients with PBC can 
be rapid in the end stages of the disease, requiring timely 
consideration of LTx [17].

Biochemical indicators of the restoration of trans-
planted liver function. After LTx, liver function is 
restored by the end of the fourth week [18]. Alanine 
aminotransferase and aspartate aminotransferase activi-
ties peaked once before this recovery [18]. In a retro-
spective study, transaminase activity on day 1 after LTx 
was 10–12 times the upper limit of normal and reached 
normal levels by day 9. Early peaks of transaminase 
activity represent a reflection of donor liver damage dur-
ing its removal followed by reperfusion injury during 
transplantation [25]. Gamma-glutamyl transpeptidase 
levels peaked on day 7, and alkaline phosphatase levels 
peaked on week 2. Gamma-glutamyl transpeptidase lev-
els peaked on day 9 after surgery, and then decreased. 
An early increase in gamma-glutamyl transpeptidase 
after LTx may be due to reperfusion injury, as well as 
surgical stress in the recipient [26]. Total bilirubin and 
direct bilirubin levels decreased after surgery to normal 
values at week 4. Bilirubin is an excellent prognostic 
biomarker for monitoring liver function recovery. Dy-
namic bilirubin monitoring is useful for early detection 
of biliary complications [18].

Post-liver transplant complications. According to 
recent data, the frequencies of infection and biliary com-
plications are 62% and 21%, respectively [18]. Bacterial 
infections are the most common [27, 28]. Biliary compli-
cations occur in 10–30% of patients and can even cause 
mortality [29–31]. Hepatic artery thrombosis is a fatal 
vascular complication with high mortality (20–60%), 
with 3–5% incidence and usually requires repeated LTx 
[30, 32]. In a study by L. Chen et al. (2020) [18], 3 (4.3%) 
patients had hepatic artery thrombosis and 2 (2.9%) had 
portal vein thrombosis; fatal complications were abdomi-
nal bleeding, infection, and liver failure. Patients suffer-
ing from PBC had a high risk of chronic rejection [24].

Survival of PBC patients after liver transplanta-
tion. A retrospective analysis of the United Network 
for Organ Sharing database showed that the estimated 
patient survival at 1, 3, and 5 years for living donor 
liver transplants was 95.5%, 93.6%, and 92.5% and for 
deceased donor liver transplants was 90.9%, 86.5%, and 
84.9%, respectively [33]. The overall survival rate of 
patients with PBC after LTx was reported to be 93–94%, 
90–91% and 82–86% at 1, 3, 5 years, respectively [34]. 
A study by L. Chen et al. (2020) [18] reported that the 
overall patient survival was 98.6% at 1 year and 95.1% 
at 3 years. Over 70% of patients live more than 10 years 
[35, 36]. Long-term follow-up (up to 15 years) of patients 

after LTx for PBC showed excellent graft function and 
patient survival [37].

Recurrent PBC. PBC, as well as other autoimmune 
diseases (primary sclerosing cholangitis and autoim-
mune hepatitis), can recur after liver transplantation [38, 
39]. Transplantation centers have recurrent PBC after 
both liver transplantation from a cadaveric liver [37, 40] 
and liver lobe from a living donor [41–43]. Recurrence 
did not affect patient and graft long-term survival [44].  
Recurrent PBC has a mild clinical course, progresses 
slowly, and is rarely the cause of liver retransplantation 
[45, 46]. LTx outcomes in patients with PBC are excel-
lent, with 5-year patient and graft survival rates exceed-
ing 90% and 75%. However, in recent years, the problem 
of PBC recurrence after liver transplantation has been in-
creasingly recognized as a cause of graft dysfunction and 
death, and the reason for repeated transplantation [47].

Frequency and timing of recurrent PBC. Recur-
rent PBC after liver transplantation occurs in a signifi-
cant number of recipients [48]. Its frequency can reach 
from 32% [37] to 50% [24]. R.F. Liermann Garcia et 
al. (2001) [49] diagnosed recurrent PBC in 67 (17%) 
of 400 patients. Histological signs of the return of the 
disease were observed, on average, three years after liver 
transplantation. One patient required retransplantation 
eight years after primary liver transplantation.

During a median follow-up period of 114 months, 
R. Kurdow et al. (2003) [50] observed 18 patients with 
PBC who underwent liver transplantation. Six of the 
patients were reported to have developed a recurrence 
of primary biliary cirrhosis as indicated by liver biop-
sies, one patient also developed graft failure. Antimito-
chondrial antibodies were present in all patients within 
a period of 1 year after transplantation. Serological pa-
rameters were elevated in 16 of 18 patients. In another 
study [51], recurrent PBC developed in the transplanted 
liver in seven (15%) of 46 patients who underwent or-
thotopic LTx for PBC. All of these patients were alive 
3 and 5 years after the diagnosis of disease recurrence.

J. Neuberger et al. (2004) [38] cited data on 485 pa-
tients with PBC in whom histological signs of disease 
recurrence were found in 114 (24.8%) patients after liver 
transplantation in annual protocol biopsy grafts, on aver-
age, 79 months after surgery.

J.E. Guy et al. (2005) [52] observed 48 patients with 
PBC after liver transplantation. One year after surgery, 
27 (56.3%) patients had increased serum alkaline phos-
phatase levels. In graft biopsy specimens, there were 
reliable signs of recurrent disease in four (8%) patients, 
suspected recurrence in 11 (23%) patients and non-spe-
cific damage possibly related to PBC recurrence in two 
(4%) patients.

According to D.A. Jacob et al. (2006) [37], between 
April 1989 and April 2003, 1,553 liver transplants were 
performed in 1,415 patients at the Virchow Clinic in 
Berlin. Protocol liver biopsies were taken after 1, 3, 5, 7, 
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10 and 13 years after surgery. One hundred (7%) patients 
suffered from histologically proven PBC. Primary im-
munosuppression consisted of cyclosporine (n = 54) or 
tacrolimus (n = 46). Immediately after LTx, all patients 
received ursodeoxycholic acid. Corticosteroids were 
withdrawn three to six months after LTx. The median 
age of the 85 women and 15 men was 55 years (range 
25–66 years). The median follow-up after liver transplan-
tation was 118 months (range 16–187 months) and after 
recurrence 30 months (range 4–79 months). Actuarial 
patient survival after 5, 10 and 15 years was 87, 84 and 
82% respectively. Ten patients (10%) died after a median 
survival time of 32 months. Two of these patients de-
veloped organ dysfunction owing to recurrence of PBC. 
Histological recurrence was found in 14 patients (14%) 
after a median time of 61 months (range 36–122 months). 
Patients with tacrolimus immunosuppression developed 
PBC recurrence more often (p < 0.05) and also earlier 
(p < 0.05). Fifty-seven patients developed an acute rejec-
tion and two patients a chronic rejection episode. Liver 
function did not alter within the first five years after 
histologically proven PBC recurrence.

A meta-analysis by M. Gautam et al. (2006) [53] 
found that recurrent PBC developed in 204 (16%) of 
1,241 patients, averaging 46.5 months (range 25–78); the 
mean age of patients at the time of liver transplantation 
was 52 years (range 46.2–56); most were women (90%).

T. Kogiso et al. (2017) [54] conducted a retrospec-
tive multicenter study of recurrent PBC in 388 female 
patients after living-donor LTx. Postoperative factors 
were evaluated in 312 patients who survived for more 
than 1 year after living-donor LTx. Recurrent PBC was 
defined as abnormal hepatic enzyme levels with typical 
histological findings in liver biopsies. Fifty-eight patients 
(14.9%) developed recurrent PBC with a median of 4.6 
(0.8–14.5) years post-LTx.

In a study by L. Chen et al. (2020) [18] included 
69 patients with PBC who underwent living-donor LTx. 
Five-year overall survival and recurrence rates were es-
timated as 95.1% and 21.8%, respectively. A recipient 
aspartate aminotransferase-to-platelet ratio index great-
er than 2 was negatively associated with survival (P = 
0.0018).

The incidence of recurrent PBC was quite high in 
Japan. At median follow up of 10.0 years (range 1.4–
18.7 years), 29 (48%) patients were diagnosed with PBC 
after living-donor LTx at 4.6 years (range 1.3–14.5 years) 
[55].

Recurrent PBC develops, on average, 3 to 5.5 years 
after LTx [37, 49, 56]. Only in the study by J.E. Guy et 
al. (2005) [52] that the average time of PBC recurrence 
was found to be 1.6 years. PBC recurrence rate ranges 
from 1% to 35% [14, 58]. There were 9.6%, 20.6%, and 
40.4% PBC recurrences at 5, 10, and 15 years, respec-
tively, after LTx [57]. PBC recurrence in the short- and 
medium-term rarely affects patient and graft survival, 

but it can have a negative impact on these indicators in 
the long-term [18].

Etiology and pathogenesis of recurrent PBC.  
The etiology of recurrent PBC is the same as that of na-
tive liver disease. The mechanism of bile duct damage 
by antimitochondrial antibodies is related to an immune 
attack on expressed antigen molecules (e.g., E2 – pyru-
vate dehydrogenase complex) of bile duct epitheliocytes.

Risk factors for recurrent PBC. The risk of recur-
rent PBC increases with time following a LTx, but does 
not correlate with the frequency of loss of liver function 
[59]. In a study by H. Chen et al (2020) [18], the inci-
dence of PBC recurrence after transplantation increased 
as the time after surgery increased: 3.5% after one year, 
8.1% after three years, and 21.8% after five years. Half 
of the patients show histological signs of PBC recur-
rence 10 years after surgery, but they rarely have clinical 
problems [24]. As the follow-up period has increased, 
it becomes evident that the return of this disease in the 
transplanted liver is not a rare complication [60].

Immunosuppressive therapy can affect the timing 
and rate of PBC recurrence. However, there is no con-
sensus on this issue; there are contradictory views in 
the literature. Some authors have found differences in 
the frequency of this complication depending on the 
immunosuppressive drugs used [59], while others, and 
most of them, deny such a dependence [36, 38, 51, 61]. 
Calcineurin inhibitors were previously thought to be 
associated with the risk of relapsed PBC [38, 62]. Later 
it was found that they have no significant effect on the 
development of relapsing PBC [36].

Relatively high incidence of recurrent PBC was as-
sociated with early steroid withdrawal after liver trans-
plantation and withdrawal of calcineurin inhibitors.  
According to T.C. Schreuder et al. (2009) [59], the risk 
factor for recurrent PBC is the use of tacrolimus rather 
than cyclosporine. Multivariate analysis has confirmed 
this position [37].

A.J. Montano-Loza et al. (2019) [63] suggest that 
cyclosporine treatment prevents recurrent PBC. On the 
contrary, T. Kogiso et al. (2017) [54] believe that initial 
treatment with cyclosporine is significantly (P < 0.05) 
associated with recurrent PBC. A Japanese multicenter 
study also found that cyclosporine was a risk factor for 
recurrent PBC. However, switching from tacrolimus to 
cyclosporine one year after LTx significantly reduced 
its risk [57].

Many authors attach great importance to the recipient 
age [49, 54]. Recipients younger than 48 years of age are 
considered to be at greater risk of recurrent PBC [57]. In 
a recent study, multivariate regression analysis showed 
that the age of recipients younger than 48 years was an 
independent risk factor for PBC recurrence (P = 0.03) 
[18]. A multicenter study including 785 patients with 
PBC who underwent LTx showed that tacrolimus use and 
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liver dysfunction early after surgery were associated with 
increased risk of PBC recurrence at a younger age [63].

The risk of development of relapsed PBC is also as-
sociated with many other factors: shorter operation time 
[54], persistence of serum antimitochondrial antibodies, 
higher serum immunoglobulin M level [54], mismatch 
with donor gender [54, 57, 64], different HLA types, 
HLA mismatch [42, 61, 65–67] and presence of HLA 
B60 [54].

The development of recurrent PBC is influenced 
not only by recipient factors, but also by donor factors. 
However, they are less numerous and less significant. 
These include the age of the donor and warm ischemia 
time [49].

Recurrent PBC diagnosis. The main indicator in 
recurrent PBC diagnosis is the presence of histologi-
cal signs in puncture biopsies of the transplanted liver; 
biopsies are performed not earlier than the first three 
months after surgery [59]. In contrast to biopsies per-
formed only after the appearance of liver dysfunction, 
regular protocol biopsies can detect recurrent PBC earlier 
[40]. Therefore, biopsies performed according to the 
protocol play a particularly large role in early diagnosis 
of PBC [59]. They allowed to detect the return of the 
disease in 14 (14%) patients, only two of them developed 
graft dysfunction [37]. Antimitochondrial antibodies are 
not a reliable marker of recurrence, as they can persist 
in patients’ serum after surgery [24]. Thus, liver punc-
ture biopsy is the gold diagnostic standard for recurrent 
PBC [18].

Pathomorphology of recurrent PBC. Granuloma-
tous destructive cholangitis or florid duct lesion is the 
most specific histological sign of PBC and its recur-
rence [68]. Unfortunately, it is often absent from biopsy 
specimens and has been found in only 4.8% of patients 
in transplanted liver biopsy specimens, on average, 
2.75 years after surgery. [46]. Nevertheless, many au-
thors regard granulomatous cholangitis, although rare, 
as the most characteristic feature of recurrent PBC [45, 
56, 62].

Epithelioid granulomas in the portal tract, a less spe-
cific and also rare histological sign, only suggest a return 
of PBC. They were found in 3.8% of patients, on average, 
2.75 years after surgery.

Other signs of recurrent PBC include bile duct injury 
and loss, chronic portal inflammation, reactive changes 
in the bile ducts, and fibrosis. It should be kept in mind 
that in the transplanted liver, there is often not one but 
a combination of two or more diseases simultaneously, 
which makes it difficult or impossible to make an ac-
curate histologic diagnosis of recurrent PBC. Therefore, 
there may be hypodiagnosis because of the rigorous ap-
proach to evaluating histologic criteria and the short 
follow-up time for patients [46].

P.B. Sylvestre et al. (2003) [56] compared the mor-
phology of transplanted liver biopsy specimens from 

100 patients with PBC and 35 patients whose primary 
native liver disease was different. In the protocol biopsy 
specimens of the transplanted livers of the 100 patients 
with PBC, 14 of them showed florid duct lesion, and 
three had destructive lymphocytic cholangitis within 
dense portal infiltrate. In the control group of 35 patients, 
no such lesions were found.

Differential diagnosis. At differential diagnosis it is 
necessary to exclude viral hepatitis, biliary obstruction 
and acute or chronic rejection [68], graft-versus-host 
disease, drug influences [69], also hepatitis or injury 
to the large bile duct [68]. Differentiating PBC return 
from other late complications, more often from rejec-
tion, is difficult. Recurrent PBC is particularly difficult 
to differentiate from chronic rejection [38]. Therefore, 
the Banff Working Group on Liver Allograft Pathology 
proposes a set of consensus criteria for the most common 
and problematic causes of late liver allograft dysfunction 
occurring more than one year after surgery [70].

cOncluSiOn
Primary biliary cholangitis was for a long time one 

of the leading indications for liver transplantation and 
accounted for up to 50% of such operations. Currently, 
there has been a significant decrease in the number of 
LTx in PBC. This is associated with early diagnosis and 
timely initiation of treatment with ursodeoxycholic acid 
and other drugs. However, the disease proceeds into an 
end stage in about 40% of patients, which still requires 
LTx. Patient and graft survival rates exceed 90% and 
75%. After surgery, the frequencies of infection and bili-
ary complications are 62% and 21%, respectively. In re-
cent years, the problem of PBC recurrence following a 
LTx has been increasingly recognized as a cause of graft 
dysfunction, death and the reason for repeated transplan-
tation. The risk of recurrent PBC increases with time 
after LTx. The presence of histological signs in puncture 
biopsies of the transplanted liver is the main method of 
diagnosis. It is necessary to consider that in the trans-
planted liver, there is often not one but a combination 
of two or more diseases simultaneously, which makes it 
difficult or impossible to make an accurate histological 
diagnosis of a recurrent PBC. To timely diagnose recur-
rent PBC, the Banff Working Group on Liver Allograft 
Pathology proposes a set of consensus criteria for the 
most common and problematic causes of liver allograft 
dysfunction occurring more than one year after surgery.
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This paper presents a brief outline of the history of transplantation service in the Republic of Uzbekistan, which 
originated at the country’s Center for Kidney Transplantation. The role played by outstanding scientists in  
Uzbekistan, their works and efforts towards the creation of a separate area of clinical and scientific medicine  
in Uzbekistan, are highlighted. Achievements by the research school of U.A. Aripov, Academician of the Academy 
of Sciences of the Republic of Uzbekistan, who performed the first successful kidney transplantation in 1972, are 
shown. The ups and downs of national transplantation nephrology, as well as the birth of a national school of kid-
ney transplantation, domiciled at the Vakhidov Republican Specialized Scientific and Practical Medical Center of 
Surgery, headed by academician F.G. Nazirov, and giving a stimulus to the “second breath” of the national school 
of transplantology, is reflected. Separate attention is devoted to the actual problems of national transplantology, 
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Kidney transplant outcomes in Uzbekistan are given, the prospects for further scientific and clinical directions 
are indicated.
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Kidney transplantation (KTx) is known to be the only 
radical way to help patients suffering from chronic pro-
gressive kidney disease. According to WHO, the number 
of patients today suffering from end-stage kidney disease 
in the world is above 4 million; meanwhile, the number 
of surgical interventions to replace an organ that has lost 
its functions is steadily growing. With improvement in 
surgical technique, as well as a more detailed under-
standing of the mechanisms of immunosuppression, KTx 
allows to achieve 5- and 10-year survival rates of 90% 
and 74%, respectively (according to UNOS, USA) [1].

At the same time, the incidence of chronic progres-
sive kidney disease, leading to chronic kidney disease 
(CKD) in its later stages, does not tend to decrease. In 
addition, due to the constantly expanding nosological 
range of diseases requiring KTx, donor organ shortage 
is still an acute problem. In connection with the above, 
the use of renal transplants from living related donors 
has acquired special relevance. Immediate restoration of 
transplanted kidney function and rare rejection crises in 
native transplantation, in addition to better immediate 
results, certainly make it possible to predict a higher 
long-term graft and patient survival rate than in cadav-
eric organ transplantation. This is associated not only 
with a higher degree of donor-recipient immunological 
compatibility, but also largely determined by reduced 

cold ischemia time and, accordingly, lower severity of 
reperfusion injuries [2].

The history of kidney transplantation in Uzbekistan 
is closely connected with the name, Uktam Aripovich 
Aripov, Academician of the Academy of Sciences of 
the Republic of Uzbekistan. In 1964, Aripov, having 
become the First Deputy Minister of Health of Uzbeki-
stan, made great efforts to develop specialized medical 
services and train highly qualified scientific and peda-
gogical personnel to meet the country’s needs. Being a 
polyvalent surgeon who performed the most complicated 
surgeries, he created all conditions for a comprehensive 
study of the pressing issues in abdominal surgery and 
transplantology. From 1971 to 1984, Aripov, being the 
rector of Tashkent State Medical University, organized 
a problematic research laboratory on overcoming tissue 
incompatibility in transplanted organs and tissues, he was 
also appointed to head the first kidney transplant center in 
Central Asia with a hemodialysis laboratory. At this cen-
ter, he formed a team of young and talented like-minded 
scientists, uniting doctors of various specialties. Here, the 
problems of transplantation immunity, development of 
home-made immunosuppressants, clinical transplantol-
ogy and treatment of CKD patients were developed. So, 
the first kidney transplant was performed in Uzbekistan 
on September 14, 1972, for end-stage CKD [3].
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Fig. 1. Academician U.A. Aripov

In 1974, Uktam Aripov was elected an Academician 
of the Academy of Sciences of the Republic of Uzbeki-
stan and in 1978 he was elected an honorary doctor at the 
research-led medical Semmelweis University in Buda-
pest. In 1983, Academician Aripov and a number of his 
coworkers were awarded the Beruni State Prize of Uz-
bekistan in Science and Technology for the development 
and introduction into clinical practice of new improved 
methods of treating CKD patients and for creation of 
domestic drugs [3].

So, in 1972, on the basis of the Problem Research 
Laboratory on overcoming tissue incompatibility in or-
gan and tissue transplantation of the Tashkent Order of 
the Red Banner of Labor State Medical Institute, the 
Republican Center for Kidney Transplantation was or-
ganized. This center was a therapeutic, consultative, 
scientific, and educational center for the treatment of 
CKD patients [4].

The 40-bed kidney transplant center was located 
at the Clinical Hospital of the Uzbek SSR Ministry of 
Health. The work of the Center was headed by Academi-
cian of the Academy of Sciences of the Uzbek SSR, Uk-
tam Aripov and professor N.P. Pak. Two senior and two 
junior researchers, and 11 residents worked at the Center. 
In addition, work at the Center was done in close coop-
eration with the Republican Nephrological Center [4].

The senior researcher and head of the clinical group 
on kidney transplantation of the Tashkent Kidney Trans-
plantation Center was Pak Nikolay Petrovich, a laureate 
of the Beruni State Prize of Uzbekistan in Science and 
Technology, a medical doctor, a professor, an Academi-
cian of the International Academy of Sciences of Nature 
and Society, an Academician of the European Academy 
of Natural Sciences. Professor Pak was the chief spe-
cialist on hemodialysis and kidney transplantation at 
the Ministry of Health of the Republic of Uzbekistan 
for 19 years.

In addition, Uktam Aripov’s initiative and scientific 
interest saw him forming his own scientific school and 
nurturing talented students. Such scientists as Acade-

mician M.S. Abdullakhojaeva, Professor R.N. Akalaev, 
Immunologist Professor F.Y. Garib, Dr. A.V. Barabash, 
Dr. K.G. Urazmetov, M.D. Urazmetova, Dr. B.F. Islamov 
and others worked under Uktam Aripov’s leadership. 
In clinical and experimental studies, they showed that 
the drug gamma globulin, derived from a mixture of 
placental blood serum in contrast to similar drugs from 
venous (donor) blood, at 0.5–1.0 mg/mL, can inhibit the 
proliferative response of human lymphocytes to trans-
plant antigens in mixed lymphocyte culture.

According to the results of the research activities of 
the above-mentioned scientists, there were formed and 
subsequently presented materials concerning kidney 
transplant complications in the clinic, results of studying 
the toxicity of “middle molecules” in CKD, experimental 
studies of the mechanisms of action of a number of drugs 
considered as potential immunomodulators.

A separate contribution to the development of the 
direction made by top doctor Evgenia Kholodova, who 
worked for more than 20 years as head of the department 
of hemodialysis and rehabilitation of transplant recipi-
ents in Republican Clinical Hospital No. 1 in Tashkent 
(formerly Kidney Transplant Center). For her excellent 
work as head of the Center, she was awarded the state 
Order of Mehnat Shukhrati award.

Some of Aripov’s followers and students continued 
the program initiated by him. For example, Professor 
Dmitriy Arustamov, Honored Worker of Health of the 
Republic of Uzbekistan, laureate of the Abu Rayhan 
Beruyun Award, recipient of the Dustlik Order, was the 
director of the Republican Specialized Center for Urol-
ogy. As head of the Department of Urology at the Tash-
kent State Medical Institute, he was the director of the 
Republican Specialized Center of Urology. Under his 
leadership, a number of scientific works, monographs, 
and methodological guidelines were written, author’s 

Fig. 2. Professor N.P. Pack
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Fig. 3. E.G. Kholodova, Head of Department of Hemodialy-
sis and Rehabilitation of Transplant Recipients.

Fig. 4. Prof. D.L. Arustamov

certificates for inventions on organ and tissue transplan-
tation were obtained.

The structure of the Nephrology Center as part of the 
organizational medical department included: a unit for 
kidney disease patients without renal failure, a unit for 
CKD patients, a unit for acute renal failure, a chronic 
dialysis unit, and a kidney transplant center.

The kidney transplant center itself included clinical 
groups: preoperative patient preparation, hemodialysis 
group, kidney harvesting and preservation group, post-
operative patient management group, tissue typing and 
immunologic monitoring group.

The preoperative preparation group examined poten-
tial recipients, prepared them for kidney transplantation 
by conservative measures, and counseled patients in the 
units of the nephrology center and in other medical in-
stitutions.

The hemodialysis group was involved in hemodialy-
sis programming and direct administration. The labora-
tory had a central dialysis fluid preparation station and 
14 hemodialysis sites. During existence of the Center, 
the staff of the hemodialysis laboratory introduced such 
progressive and economic forms of treatment of patients 
as creation of various modifications of arterial-venous 
fistulas, transfer of some patients to outpatient hemodi-
alysis, wide use of special methods of hemodialysis – 
diafiltration and hemosorption.

The kidney harvesting and preservation group had 
close ties with the intensive care, trauma and neurosur-
gical departments of city hospitals; it performed kidney 
harvesting and preservation for subsequent transplanta-
tion.

The postoperative management group was directly 
involved in nursing patients after surgical interventions, 

in issues of immunosuppressive therapy and in preven-
tion of complications.

The patients spent their first post-kidney transplant 
month in wards of increased box sterility with a doctor, 
a nurse and a medical assistant, who were all on duty 
24 hours a day.

The tissue typing and immunological control group 
conducted immunological study of potential recipients, 
dealt with selection of donor-recipient pairs, and carried 
out postoperative monitoring of the effectiveness of im-
munosuppressive therapy.

Hemodialysis units were opened in Samarkand, Fer-
gana, Andijan, Bukhara, Almaty, Ashkhabad, Dushanbe, 
and Chimkent with the direct assistance and participa-
tion of the Center staff. The Center had a close connec-
tion with the Kidney Transplant Center of Almaty, with 
which donor kidneys and information about recipients 
was exchanged [4].

The Center provided consultative assistance in all 
regions of the country, as well as in the regions of neigh-
boring Central Asian countries. Every year, the Center’s 
staff attended to 200 calls by air ambulance.

Scientific research was conducted by the Center staff 
under a comprehensive plan to the assignment of the 
State Committee on Science and Technology under the 
USSR Council of Ministers, Uzbek SSR Ministry of 
Health and the All-Union Scientific Council for Trans-
plantation and the Creation of Artificial Organs.

A search for and introduction of new immunosuppres-
sive drugs into clinical practice was one of the problems 
of transplantology that required urgent attention. The 
accumulated experience allowed the native school of 
transplantology not only to study the effect of pharma-
ceutical drugs and their influence on the mechanisms 
of immunosuppression but also to synthesize their own 
drugs. So, in the 80s, the Institute of Bioorganic Chem-
istry of Uzbek SSR Academy of Sciences already had 
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10 names of their own immunosuppressants in its arse-
nal. In turn, preparations batriden and megosyn were 
selected for clinical study, the first of which after clinical 
testing was approved for medical use as an immunosup-
pressant in kidney transplants and for clinical study in 
autoimmune diseases.

To solve the problems of prevention and treatment 
of immunosuppressive therapy complications in patients 
after KTx, the Kidney Transplant Center together with 
the Institute of Bioorganic Chemistry of Uzbek SSR 
Academy of Sciences and the Laboratory of Physical 
and Chemical Research Methods of the Central Research 
Laboratory, studied the metabolic pathways of immuno-
suppressants, target organs for aggressive metabolites of 
these drugs, search for possible protectors from adverse 
effects of immunosuppressors.

The accumulated experience also allowed to raise the 
scientific potential to an entirely new level; so by 1982, 
research workers at the Center defended two doctoral 
and nine phd dissertations, published two monographs 
and five methodical guidelines, published over 200 re-
search papers; together with the tissue incompatibility 
problem laboratory, eight collections of scientific works 
were published.

The Tashkent Kidney Transplant Center hosted a 
meeting of experts of CMEA (Council for Mutual Eco-
nomic Assistance) on KTx problems in 1977, and an 
All-Union Conference “Immunosuppression in allotrans-
plantation” was held in 1979.

It should be noted separately the number of proce-
dures performed; in 1972 the Center performed two KTx 
and 300 hemodialysis sessions, but by 1981 the number 
of kidney transplants had reached 227 (20–25 operations 
a year), and hemodialysis sessions had reached 25,500. 
The average 6-month survival rate was 65% [4].

The Center was frequently visited by foreign delega-
tions and its staff had ties with the Semmelweis Medical 
University in Budapest (an agreement was signed on 
scientific cooperation with the renal transplant centers 
of the GDR, Poland, and Czechoslovakia). The Cen-
ter’s staff had frequent visits from foreign delegations 
to the Budapest Semmelweis Medical University (an 
agreement on scientific cooperation was signed), kidney 
transplantation centers in East Germany, Poland, and 
Czechoslovakia.

However, adoption of the Criminal Code of the Re-
public of Uzbekistan in its new version of 1994 had a 
significant impact on the entire kidney transplantation 
sector. The new law allowed the removal of organs from 
a corpse only with the permission of the relatives of the 
deceased or a consent given by the deceased while alive. 
This completely stopped kidney transplantation in our 
country.

During the existence of the Kidney Transplant Cen-
ter, a total of 358 kidney transplants were performed. In 
311 cases, cadaveric kidney transplants were performed, 

while 47 patients underwent kidney transplantation from 
a living related donor.

It was not until 2002 that the Ministry of Health is-
sued an order authorizing kidney transplantation from a 
living related donor, which gave rise to a new program of 
living donation. The first such operation was performed 
at the Kidney Transplant Center (present-day Republican 
Clinical Hospital No. 1). However, 4 years later, this 
order was withdrawn, and such surgical interventions 
were stopped again. This situation, caused by lack of 
normative and legal support for the program, forced pa-
tients to seek help abroad.

Thus, as in other countries of the world, formation 
of organ and tissue transplantation service in Uzbekistan 
went through many difficult challenges in its develop-
ment. The complicated logistical and political situation 
in post-Soviet countries at the end of the 1980s and be-
ginning of the 1990s resulted in a complete loss of the 
previously created fundamental base and accumulated 
experience. Attempts to rehabilitate the transplantation 
service were faced with the lack of clearly formulated 
legislative acts, complicated moral and ethical back-
ground that excluded organ transplantation from brain-
death donors.

Related transplantation remained the only available 
option for families with many children in Uzbekistan. 
Repeated attempts by academician Vasit Vakhidov, the 
director of the country’s leading surgery center, to re-
alize this direction were unsuccessful; more and more 
potential patients who needed this type of surgical treat-
ment continued to go to foreign clinics. Only a decade 
later, his talented pupil, surgeon and organizer of health 
care, academician Feruz Nazirov managed to move this 
problem forward. At the cost of his enormous efforts, 
transplantology in Uzbekistan got a second wind. At the 
Vakhidov Republican Scientific and Practical Medical 
Center for Surgery (Vakhidov Center), the organ trans-
plantation program was not only revived, but also took 
on completely new features.

Specialized departments were established, in particu-
lar, Department of Vascular Surgery and Kidney Trans-

Fig. 5. Academician V.V. Vakhidov
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Fig. 7. Staff at the Department of Vascular Surgery and Kidney Transplantation, headed by Prof. F.S. Bakhritdinov

Fig. 6. Academician F.G. Nazyrov

plantation, headed until now by Professor Fazliddin Bah-
ritdinov, and Department of Hemodialysis, headed by 
Ulugbek Yuldashev, presently head of Transplantology 
and Laboratory of the Republican Specialized Scientific 
and Practical Medical Center for Nephrology and Kidney 
Transplantation. Also there was a narrow profile trans-
plantation commission, a material and technical base 
was strengthened, retraining of personnel was carried 
out in leading foreign clinics, indications for surgical 
intervention were expanded, a solid foundation for sci-
entific work in an area which is very important for the 
country was created. All the above mentioned has seen 
some positive impacts not only by way of an increase in 
the number of interventions, but also in direct improve-
ment in the quality of such interventions. Physicians 

started performing transplant surgeries in patients with 
diabetes mellitus and other comorbidities that previously 
did not allow one to count on a favorable outcome of 
the intervention.

Thus, since 2010, the Vakhidov Republican Special-
ized Scientific and Practical Medical Center of Surgery 
(Vakhidov Center) renewed kidney transplant surgeries, 
and in February 2018, after the publication of the draft 
law “on related kidney and liver lobe transplantation”, 
academician F.G. Nazirov performed the first living re-
lated liver transplantation in the country. In addition, by 
the end of 2021, the number of kidney transplant opera-
tions performed at Vakhidov Center had reached 540.

At the same time, not only new areas of clinical trans-
plantology were created, but also the already developed 
techniques were modified and improved. So, in 2015 the 
center performed the first kidney transplantation using 
laparoscopic donor nephrectomy.

The successes achieved at Vakhidov Center not only 
showed the safety, but also clearly demonstrated the need 
for further development of transplantology service in the 
country, being the impetus for further improvement of 
the legislative and regulatory framework. Thus, already 
in December 2019, amendments and additions were 
made to the draft law “on the order of related kidney 
and (or) liver lobe transplantation” significantly expand-
ing the donor pool.

Currently, in Uzbekistan, surgical removal of organs 
for transplantation is possible only from living donors 
who are relatives of the recipient, and with their volun-
tary consent.

All patients with a transplanted kidney living in the 
Republic of Uzbekistan are registered at the department 
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of hemodialysis and rehabilitation of transplant recipients 
in the Republican Clinical Hospital No. 1 in Tashkent.

In addition, based on the results of scientific research 
at Vakhidov Center, two dissertations (PhD) have been 
defended and guidelines (“Optimization of tactical and 
technical aspects in kidney transplantation from a liv-
ing related donor”) developed. The proposed guidelines 
improved the efficiency of patient preparation for kidney 
transplantation and optimized the technical aspects of 
surgical intervention. A program for assessing the surgi-
cal risk of a kidney recipient was developed. Application 
of the proposed program with determination of 33 ag-
gravating factors of the disease allows to estimate the 
surgical risk in the preoperative period and optimize the 
process of preparation for transplantation. The obtained 
scientific results have been implemented in the practi-
cal activity of public health service. For example, joint 
operations on kidney transplantation have been started 
in the regions (at the surgery department of Navoi Re-
gional Multidisciplinary Medical Center and others). 
Implementation of the scientific research results allowed 
to reduce the incidence of complications in the early 
postoperative period from 29.5% to 11.2% and in the 
late period from 47.5% to 22.7% and overall mortality 
from 8.2% to 4.1%.

At the Vakhidov Center, teams of specialists of vari-
ous fields also played a great role in the successful im-
plementation of kidney transplants. They includes the 
department of General Resuscitation and Intensive Care 
under the leadership of Dr. Ibadov R.A., Department 
of Anesthesiology under the leadership of Dr. Naziro-
va L.A., Department of Hemodialysis under the leader-
ship of Abdullaeva M.A., Department of Experimental 
Surgery under the leadership of Prof. Sadykov R.A., 
Department of Radioisotope Diagnostic Laboratory un-
der the direction of Arifkhodjaev G.G., Biochemistry 
Department with a microbiology group under the lead-
ership of Dr. Khaybullina Z.R., Functional Diagnostics 
Department under the leadership of Sharapov N.U., De-
partment of Computed and Magnetic Resonance Imaging 
under the leadership of Dzhuraeva N.M., and Consulta-
tive and Diagnostic Department under the leadership of 
Ganihodjaev S.S.

In the development of transplantation of other organs, 
in particular, the liver, at the surgery center under the 
leadership of the director, academician F.G. Nazyrov, 
the chief researcher of the Department of Surgery of 
Portal Hypertension and Pancreatoduodenal Zone Dr. 
A.V. Devyatov, head of the Department of Liver and Bile 
Duct Surgery Dr. M.M. Akbarov and other employees 
of the departments contributed their share. In 2018 and 
2019, 10 liver transplant surgeries were successfully 
performed.

Meanwhile, the work done has opened up additional 
opportunities in terms of development in this direction; 
so, in the future, the possibility of performing heart, car-

diothoracic, pancreatic and lung transplantation surgeries 
is being considered.

In addition, organ and tissue transplantation is now 
being performed at several treatment and prevention cen-
ters in the country. For instance, a kidney transplantation 
program has been implemented at the Vakhidov Cen-
ter since 2018 thanks to efforts by Khadzhibaev A.M.; 
achievements by the collective center correspond to 
those of leading international clinics.

At the same time, despite the successes achieved in 
the field of transplantology, there are still a number of 
unresolved issues in the country. Among these, issues 
with acute shortage of highly skilled specialists in the 
field of transplantology play a special role. It is known 
that transplantation service is not built only on transplant 
surgeons; for successful realization of the program, it is 
necessary to have morphologists, immunologists, spe-
cialists in the field of interventional interventions and 
many others. Thus, in spite of the work done, the devel-
opment of this direction of clinical medicine undoubt-
edly requires even greater efforts aimed at creating and 
strengthening the solid material and technical base of 
specialized departments, improving its own scientific and 
clinical school. That said, one of the priority tasks can 
be considered the creation of a national transplantation 
center, allowing not only to unite specialists of different 
profiles specializing in clinical transplantology, but also 
allowing to significantly consolidate the efforts aimed 
at development of the national transplantology service.

Thus, related kidney transplantation, which opened 
the era of clinical transplantation of vital organs in the 
last century, has now acquired a new lease on life. Pros-
pects for kidney transplantation in Uzbekistan in the 21st 
century are related to overcoming ethical problems of 
organ transplantation, improving tactical and technical 
aspects of KTx, opening new transplantation centers 
and centers for rehabilitation of organ recipients with all 
modern capabilities for examining and treating severe 
patients.
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Introduction. Indocyanine green has been used in medicine for more than 70 years in cardio-thoracic surgery, 
hepatobiliary and colorectal surgery, urology, gynecology, transplantology, etc. This review based on literature 
dates describing the use of ICG for intraoperative imaging and evaluation of the ureteral perfusion. Method. 
The research searched in the electronic database PubMed, Scopus, Elsevier, Springer, and Web of Science between 
January 2000 and December 2020, using the following search terms: ICG imaging, ureteral vessels. Additional 
literature data identified from separately published sources. Results. There are 21 articles were obtained in the 
specified database: 9 – with intravenous ICG, 12 – with intraureteral administration. The use of intravenous ICG 
followed by next clinical situation: ureteral imaging is described for ureteral strictures, for isolation and preser-
vation of the ureteral branch of the uterine artery during radical hysterectomy, for robotic radical cystectomy 
with ureteroenterostomy, for laparoscopic removal of ureteral endometriosis, for evaluation of ureteral perfusion 
during kidney transplantation, and for identification and prevention of ureteral damage during pelvic surgery in 
patients with colorectal tumors and gynecological pathologies. Conclusions. Both intravenous and intraureteral 
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perfusion of the ureteral wall, clearly determining the boundaries of the stricture. It is effectively helps in the 
prevention of ureteral wall damage in extraurinal surgical interventions.
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inTrOducTiOn
Indocyanine green (ICG) has been used in clinical 

medicine for more than 70 years, when it was first used to 
assess cardiac and hepatic function [1–3]. ICG is a tricar-
bocyanine molecule with a half-life of 150–180 seconds, 
completely excreted into the bile by the liver [4]. The 
literature also describes the metabolism of ICG in the 
renal parenchyma, which occurs with the participation of 
the protein bilitranslocase [5]. Intravenous administrati-
on of ICG is non-toxic and effective at low doses [6]. It 
was also shown that ICG has an effective intraoperative 
contrast identifier in real time with the possibility of 
penetration into tissues up to 5 mm [7].

The first report on the use of ICG for perfusion eva-
luation of a kidney transplant was reported in 2004 [8]. 
In the future, this method was used to assess the blood 
flow of the renal parenchyma during partial nephrectomy, 
donor nephrectomy, and vascular anastomoses of the 
renal graft [9–12]. Although there are many reports on 
the use of ICG in urology, there are few studies on the 
visualization and assessment of the ureteral condition.

This review focuses on the current literature that de-
scribes the use of ICG to intraoperative visualize and 
evaluate the condition of the ureter.

To do this, a search was conducted for studies in the 
electronic database PubMed, Scopus, Elsevier, Springer 
and Web of Science in the period from January 2000 
to December 2020, using the following search terms: 
“ICG imaging, ureteral”. Additional literature data were 
identified from separately published sources. As a re-
sult, 21 articles were received in the specified database.  
Of these, 9 articles describe the use of ICG imaging of 
the ureter with intravenous administration, 12 – with 
intraureteral administration.

viSualiZaTiOn Of The ureTer durinG 
inTravenOuS adminiSTraTiOn Of icG

Sekijima M. et al. reported in 2004 on the use of in-
travenous ICG (IV-ICG) to visualize the urinary system 
in a kidney transplant recipient. This method made it 
possible to record and reproduce images of organ vessels 
in real time during the operation [8].

IV-ICG imaging has proven to be particularly useful 
in robotic surgery in cases of ureteral scar strictures. At 
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the same time, it allows you to completely resect the 
scar-altered ureteral tissue and perform ureteral reim-
plantation with preserved perfusion. Marc A. Bjurlin et 
al. 42 robotic operations for the reconstruction of the 
upper urinary tract were performed using this technique. 
At the same time, perioperative complications occurred 
in 14.3% of cases. The authors of this study hypothesized 
that the use of NIRF imaging can prevent postoperative 
ureteral stricture, especially during repeated operations, 
and also helps to ensure adequate blood flow in the area 
of the urinary anastomosis [13]. Although the authors 
indicate a lack of clinical data for long-term follow-up.

In two cases report by Ying Long et al. successful 
isolation and preservation of the ureteral branch of the 
uterine artery during radical hysterectomy with IV-ICG 
angiography for cervical cancer was demonstrated [14]. 
This procedure prevents damage to the ureteral branch 
with subsequent ischemia of the distal ureter leading to 
its necrosis and stricture. During 4 months of follow-up 
of these patients, there were no complications associated 
with the ureter.

After a robotic radical cystectomy with urinary diver-
sion (RCUD), a severe complication is the development 
of ureteral anastomosis stricture. Jim K. Shen et al. con-
ducted a comparative study of patients who underwent 
ureteroenterostomy in two groups of n = 93 in each: with 
IV-ICG imaging of the ureter, and without IV-ICG [15]. 
In the group of patients with IV-ICG imaging with a 
median follow-up of 12.0 months, there was no compli-
cation from ureteroenterostomy. While in the group wi-
thout IV-ICG imaging (median follow-up 24.3 months), 
the number of complications was 7.5% (p = 0.01). Thus, 
the use of the IV-ICG method of visualization of ureteral 
perfusion allowed to significantly reduce the frequency 
of ureteroenterostomy strictures.

Another study analyzed 345 cases of ureteroenteros-
tomy during robot-assisted radical cystectomy, of which 
89 cases used IV-ICG imaging to assess vascularization 
of the distal ureter [16]. According to the results of this 
study, there was a significant decrease in the frequency 
of ureteral anastomosis strictures from 10.6% to 0% after 
IV-ICG evaluation of vascularization of the distal ureter. 
This highlights the clinical significance of this strategy 
for minimizing the complications of robot-assisted ra-
dical cystectomy.

The use of IV-ICG imaging of ureteral blood flow in 
open radical cystectomy with urinary diversion Chirag 
P. Doshi et al. studied in a group of 31 patients with 
62 ureteroenteroanastomoses [17]. In the group with IV-
ICG, ureteroenteroanastomosis stricture was observed 
in 3.2% of cases, in the group without IV-ICG – 16.7%. 
This study also confirms a decrease in the frequency of 
formation of ureteroenteroanastomosis structures when 

using the IV-ICG imaging technique to assess vascula-
rization of the distal ureter.

Diego Raimondo et al. in preliminary study was con-
ducted in 23 women who underwent laparoscopic remo-
val of ureteral endometriosis using ICG for intraoperati-
ve assessment of ureteral perfusion [18]. Intraoperative 
assessment of the degree of ureteral blood flow made it 
possible to optimally choose the tactics of further surgi-
cal approach after removal of the endometrioid noudle: 
Double J ureteral stenting – 3 patients, ureteral stenting – 
2 patients. In the remaining 28 cases (90.3%), the blood 
flow was assessed as satisfactory (regular fluorescence) 
and did not require any intervention. NIR-ICG has pro-
ven to be a safe and feasible tool for assessing residual 
ureteral vascularization after conservative surgery for 
ureteral endometriosis.

Currently, there are two preliminary studies on the use 
of ICG to assess ureteral perfusion in kidney transplan-
tation. In the study (preliminary experience) Vignolini 
G. et al. 6 recipients with robotic kidney transplantati-
on from a living donor were included [19]. The second 
study, conducted by H. Boullenois et al., included 11 re-
cipients, 10 of which were conducted from a cadaveric 
donor (Fig. 1) [20]. In both studies, the use of ICG vi-
sualization of ureteral perfusion did not take time, and 
allowed objective and reliable visualization of ureteral 
vascularization. However, the correlation between ICG 
fluorescence and postoperative complications could not 
be studied due to the small number of patients, which 
requires further larger studies studies.

viSualiZaTiOn Of The ureTer durinG 
inTraureThral adminiSTraTiOn Of icG

Recently, intraurethral administration of ICG 
(IU-ICG) has been used for diagnostic purposes. The 
first mention in the available literature of ICG imaging 
with intraurethral administration describes a series of 
7 patients with ureteral stricture who underwent robot-
assisted reconstructive surgery [21]. Subsequently, intra-
operative IU-ICG imaging was used to identify various 
ureteral pathologies in a larger cohort (8 and 25) of pati-
ents (Fig. 2) [22–25]. IU-ICG imaging made it possible 
to quickly and accurately identify the ureter, localize the 
level of structure with less tissue damage and protect its 
blood supply, and the technique itself is safe and easy to 
perform. This technique has been successfully used in 
operations on pathological kidneys [25, 26, 27].

The IU-ICG technique has been successfully used 
to identify and prevent ureteral damage during pelvic 
surgery in patients with colorectal tumors and gynecolo-
gical pathologies [28–32]. Intraureteral ICG imaging was 
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effective for intraoperative identification of the ureter in 
complex gynecological and colorectal operations.

cOncluSiOn
Thus, based on the described literature review, it can 

be concluded that ICG imaging (both intravenous and in-
traureteral) is safe, simple to perform and easily reprodu-
cible. It allows you to objectively identify both the degree 

of perfusion of the ureteral wall, and clearly determine 
the boundaries of the stricture. In case of extraurina-
ry surgical interventions, such visualization effectively 
helps in the prevention of damage to the ureteral wall. 
Based on this, the use of ICG imaging in kidney trans-
plant recipients will be the subject of our further study.

The authors declare no conflict of interest.

Fig. 2. Ureteral identification (a) in the absence of near-infrared fluorescence (NIRF) and (b) under NIRF. Reproduced with 
permission from Ziho Lee et al. 2015
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Fig. 1. Projection on a transplant diagram of an intraoperative image of indocyanin green fluorescence of a ureter in semi-
quantitative analysis: a – complete and intense fluorescence of the ureter except the last centimeters in favor of good vascula-
rization; b – partial and weak fluorescence of the ureter in favor of weak and partial vascularization; c – zero fluorescence of 
the ureterand the lower pole of the transplant in favor of no vascularization of the ureter and the lower pole of the transplant. 
Illustration: H. Boullenois et al. 2020

а b c

Ureter



29

CLINICAL TRANSPLANTOLOGY

referenceS
1. Symposium on diagnostic applications of indicator di-

lution techniques. Proceedings  of  the  Staff Meeting  of 
Mayo Clinic. 1957; 32: 463–508.

2. Cherrick GR, Stein SW, Leevy CM, Davidson CS. Indo-
cyanine green: observations on its physical properties, 
plasma decay, and hepatic extraction. J  Clin  Invest. 
1960; 39 (4): 592–600.

3. Reinhart  MB,  Huntington  CR,  Blair  LJ,  Heniford  BT, 
Augenstein  VA. Indocyanine Green: Historical Con-
text, Current Applications, and Future Considera-
tions. Surgical Innovation. 2016; 23 (2): 166–175. doi: 
10.1177/1553350615604053.

4. Kaplan-Marans  E,  Fulla  J,  Tomer  N,  Bilal  K,  Pale-
se  M. Indocyanine Green (ICG) in Urologic Surgery. 
Urology. 2019 Oct; 132: 10–17. doi: 10.1016/j.urolo-
gy.2019.05.008. Epub 2019 May 23. PMID: 31129192.

5. Golijanin  DJ,  Marshall  J,  Cardin  A,  Singer  EA, 
Wood RW, Reeder JE et al. Bilitranslocase (BTL) is im-
munolocalised in proximal and distal renal tubules and 
absent in renal cortical tumors accurately corresponding 
to intraoperative near infrared fluorescence (NIRF) ex-
pression of renal cortical tumors using intravenous indo-
cyanine green (ICG). The Journal of Urology. 2008; 179 
(4): 137. doi: 10.1016/s0022-5347(08)60394-8.

6. Majlesara A, Golriz M, Hafezi M, Saffari A, Stenau E, 
Maier-Hein L et al. Indocyanine green fluorescence ima-
ging in hepatobiliary surgery. Photodiagnosis and Pho-
todynamic Therapy. 2017; 17: 208–215. doi: 10.1016/j.
pdpdt.2016.12.005.

7. Alander JT, Kaartinen I, Laakso A, Pätilä T, Spillmann T, 
Tuchin VV et al. A review of indocyanine green fluore-
scent imaging in surgery. Int J Biomed Imaging. 2012; 
2012: 940585. doi: 10.1155/2012/940585. Epub 2012 
Apr 22. PMID: 22577366; PMCID: PMC3346977.

8. Sekijima  M,  Tojimbara  T,  Sato  S,  Nakamura  M,  Ka-
wase T, Kai K et al. An intraoperative fluorescent ima-
ging system in organ transplantation. Transplant Proc. 
2004 Sep; 36 (7): 2188–2190. doi: 10.1016/j.transpro-
ceed.2004.09.001. PMID: 15518796.

9. Tobis S, Knopf J, Silvers C, Yao J, Rashid H, Wu G, Goli-
janin D. Near infrared fluorescence imaging with robotic 
assisted laparoscopic partial nephrectomy: initial clinical 
experience for renal cortical tumors. J Urol. 2011 Jul; 
186 (1): 47–52. doi: 10.1016/j.juro.2011.02.2701. Epub 
2011 May 14. PMID: 21571337.

10. Boni  L,  David  G,  Mangano  A,  Dionigi  G,  Rausei  S, 
Spampatti  S  et  al. Clinical applications of indocyani-
ne green (ICG) enhanced fluorescence in laparoscopic 
surgery. Surg Endosc. 2015 Jul; 29 (7): 2046–2055. doi: 
10.1007/s00464-014-3895-x. Epub 2014 Oct 11. PMID: 
25303914; PMCID: PMC4471386.

11. Aslim  EJ,  Lee  FJ,  Gan  VHL. The Utility of Intraope-
rative Near Infrared Fluorescence (NIR) Imaging with 
Indocyanine Green (ICG) for the Assessment of Kid-
ney Allograft Perfusion. J  Transplant. 2018 Aug 19; 
2018: 6703056. doi: 10.1155/2018/6703056. PMID: 
30210867; PMCID: PMC6120275.

12. Arichi N, Mitsui Y, Ogawa K, Nagami T, Nakamura S, 
Hiraoka  T  et  al. Intraoperative fluorescence vascu-
lar imaging using indocyanine green for assessment of 
transplanted kidney perfusion. Transplant Proc. 2014; 46 
(2): 342–345. doi: 10.1016/j.transproceed.2013.11.129. 
PMID: 24655959.

13. Bjurlin MA, Gan M, McClintock  TR, Volpe A, Borofs-
ky MS, Mottrie A, Stifelman MD. Near-infrared fluore-
scence imaging: emerging applications in robotic upper 
urinary tract surgery. Eur Urol. 2014 Apr; 65 (4): 793–
801. doi: 10.1016/j.eururo.2013.09.023. Epub 2013 Sep 
27. PMID: 24099660.

14. Long Y, Yao Y, Yao DS. Indocyanine green angiography 
for preserving the ureteral branch of the uterine artery 
during radical hysterectomy: Two case report. Medicine 
(Baltimore). 2018 Oct; 97 (40): e12692. doi: 10.1097/
MD.0000000000012692. PMID: 30290662; PMCID: 
PMC6200471.

15. Shen  JK,  Jamnagerwalla  J,  Yuh  BE,  Bassett  MR, 
Chenam  A,  Warner  JN  et  al. Real-time indocyanine 
green angiography with the SPY fluorescence imaging 
platform decreases benign ureteroenteric strictures in 
urinary diversions performed during radical cystectomy. 
Ther Adv Urol. 2019 Apr 4; 11: 1756287219839631. doi: 
10.1177/1756287219839631. PMID: 31057669; PM-
CID: PMC6452578.

16. Ahmadi N, Ashrafi AN, Hartman N,  Shakir A, Caccia-
mani GE, Freitas D et al. Use of indocyanine green to 
minimise uretero-enteric strictures after robotic radi-
cal cystectomy. BJU Int. 2019 Aug; 124 (2): 302–307. 
doi: 10.1111/bju.14733. Epub 2019 Apr 11. PMID: 
30815976.

17. Doshi CP, Wozniak A, Quek ML. Near-infrared Fluores-
cence Imaging of Ureters With Intravenous Indocyanine 
Green During Radical Cystectomy to Prevent Uretero-
enteric Anastomotic Strictures. Urology. 2020 Oct; 144: 
220–224. doi: 10.1016/j.urology.2020.06.026. Epub 
2020 Jun 30. PMID: 32619603.

18. Raimondo D, Borghese G, Mabrouk M, Arena A, Amb-
rosio M, Del Forno S et al. Use of Indocyanine Green 
for Intraoperative Perfusion Assessment in Women 
with Ureteral Endometriosis: A Preliminary Study. J 
Minim Invasive Gynecol. 2021 Jan; 28 (1): 42–49. doi: 
10.1016/j.jmig.2020.04.004. Epub 2020 Apr 10. PMID: 
32283326.

19. Vignolini G, Sessa F, Greco I et al. Intraoperative assess-
ment of ureteral and graft reperfusion during robotic kid-
ney transplantation with indocyanine green fluorescence 
videography. Minerva  Urologica  e  Nefrologica  =  The 
Italian Journal of Urology and Nephrology. 2019 Feb; 
71 (1): 79–84. doi: 10.23736/s0393-2249.18.03278-2.

20. Boullenois H, Verrier C, Ingels A, Parier B, Serey-Eif-
fel  S,  Kozal  S  et  al. Visualiser la vascularisation uré-
térale des transplants rénaux par fluorescence au vert 
d’indocyanine: étude exploratoire [Indocyanine green 
fluorescence to visualize the ureteric vascularization of 
kidney transplants: An exploratory study]. Prog  Urol. 
2020 Mar; 30 (3): 155–161. French. doi: 10.1016/j.pu-
rol.2020.01.005. Epub 2020 Feb 28. PMID: 32122748.



30

RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS Vol. XXIV   № 1–2022

21. Lee Z, Simhan J, Parker DC, Reilly C, Llukani E, Lee DI 
et al. Novel use of indocyanine green for intraoperative, 
real-time localization of ureteral stenosis during robot-
assisted ureteroureterostomy. Urology. 2013 Sep; 82 (3): 
729–733. doi: 10.1016/j.urology.2013.05.032. PMID: 
23987169.

22. Lee Z, Moore B, Giusto L, Eun DD. Use of indocyanine 
green during robot-assisted ureteral reconstructions. Eur 
Urol. 2015 Feb; 67 (2): 291–298. doi: 10.1016/j.euru-
ro.2014.08.057. Epub 2014 Sep 12. PMID: 25220372.

23. Lee  Z,  Sterling  ME,  Keehn  AY,  Lee  M,  Metro  MJ, 
Eun DD. The use of indocyanine green during robotic 
ureteroenteric reimplantation for the management of be-
nign anastomotic strictures. World J Urol. 2019 Jun; 37 
(6): 1211–1216. doi: 10.1007/s00345-018-2493-2. Epub 
2018 Sep 18. PMID: 30229414.

24. Huang BW, Wang J, Zhang P, Li Z, Bi SC, Wang Q et 
al. Application of indocyanine green in complex upper 
urinary tract repair surgery. Beijing  Da  Xue  Xue  Bao 
Yi  Xue  Ban. 2020 Aug 18; 52 (4): 651–656. Chinese. 
doi: 10.19723/j.issn.1671-167X.2020.04.010. PMID: 
32773795; PMCID: PMC7433627.

25. Morozov  AO,  Alyaev  YG,  Rapoport  LM,  Tsarichen-
ko DG, Bezrukov EA, Butnaru DV, Sirota ES. Near-In-
frared Fluorescence with Indocyanine Green for Diag-
nostics in Urology: Initial Experience. Urologia Journal. 
2017; 84 (3): 197–202. doi: 10.5301/uj.5000235.

26. Lee M, Lee Z, Eun D. Intraureteral and intravenous in-
docyanine green to facilitate robotic partial nephroure-
terectomy in a patient with complete ureteral triplica-
tion. Korean  J  Urol. 2015 Jun; 56 (6): 473–476. doi: 
10.4111/kju.2015.56.6.473. Epub 2015 May 27. PMID: 
26078846; PMCID: PMC4462639.

27. Kanno T, Takahashi T, Somiya S, Ito K, Higashi Y, Yama-
da  H. Indocyanine Green Fluorescence-Guided Lapa-

roscopic Lower-Pole Heminephrectomy for Duplex 
Kidney in Adult. J Endourol Case Rep. 2020 Dec 29; 
6 (4): 384–387. doi: 10.1089/cren.2020.0123. PMID: 
33457680; PMCID: PMC7803210.

28. Siddighi  S,  Yune  JJ,  Hardesty  J. Indocyanine green 
for intraoperative localization of ureter. Am  J  Obstet 
Gynecol. 2014 Oct; 211 (4): 436.e1-2. doi: 10.1016/j.
ajog.2014.05.017. Epub 2014 May 14. PMID: 24835212.

29. Santi C, Casali L, Franzini C, Rollo A, Violi V. Appli-
cations of indocyanine green-enhanced fluorescence in 
laparoscopic colorectal resections. Updates Surg. 2019 
Mar; 71 (1): 83–88. doi: 10.1007/s13304-018-00609-w. 
Epub 2018 Dec 3. PMID: 30511261.

30. Mandovra  P,  Kalikar  V,  Patankar  RV.  Real-Time Vi-
sualization of Ureters Using Indocyanine Green Du-
ring Laparoscopic Surgeries: Can We Make Surgery 
Safer? Surg  Innov. 2019 Aug; 26 (4): 464–468. doi: 
10.1177/1553350619827152. Epub 2019 Feb 8. PMID: 
30734638.

31. White LA, Joseph JP, Yang DY, Kelley SR, Mathis KL, 
Behm K, Viers BR. Intraureteral indocyanine green aug-
ments ureteral identification and avoidance during com-
plex robotic-assisted colorectal surgery. Colorectal Dis. 
2021 Mar; 23 (3): 718–723. doi: 10.1111/codi.15407. 
Epub 2020 Nov 5. PMID: 33064915.

32. Kamada T, Nakaseko Y, Yoshida M, Kai W, Takahashi J, 
Nakashima K et al. Indocyanine green fluorescence-gui-
ded laparoscopic colorectal cancer surgery with prophyl-
actic retrograde transileal conduit ureteral catheter place-
ment after previous total cystectomy: a case report. Surg 
Case Rep. 2021 Mar 12; 7 (1): 67. doi: 10.1186/s40792-
021-01153-3. PMID: 33710480; PMCID: PMC7954966.

The article was submitted to the journal on 2.11.2021



31

CLINICAL TRANSPLANTOLOGY

DOI: 10.15825/1995-1191-2022-1-36-47

kidneY auTOTranSPlanTaTiOn: a meThOd fOr TreaTinG 
ureTeral leSiOnS in urOlOGical and OncOlOGical 
PracTice
S.V. Arzumanov, N.V. Polyakov, A.B. Ryabov, D.A. Galitskaya
Lopatkin Research Institute of Urology and Interventional Radiology, Moscow, Russian Federation

The first successful kidney autotransplantation was performed in 1902. The technique has undergone several 
changes since then. The indications and surgical technique are presented in this literature review. Kidney auto-
transplantation is the treatment of choice for preserving renal function. Three clinical observations on the use of 
kidney autotransplantation in urological and oncological practice are described: a patient after iatrogenic ureteral 
injury and two patients with primary  retroperitoneal tumor. Literature analysis and clinical observations from 
urological and oncological practice show that kidney autotransplantation could be safely used for strictly selected 
indications.
Keywords:  kidney autotransplantation,  ureteral  injury,  primary    retroperitoneal  tumors.

Corresponding author: Daria Galitskaya. Address: 51/1, Tretya Parkovaya str., Moscow, 105425, Russian Federation.
Phone: (915) 128-80-95. E-mail: dgalitsk@gmail.com

The history of kidney autotransplantation dates back 
to 1902. At the Vienna Medical Society Meeting, Hun-
garian surgeon Emerich (Imre) Ullmann, reported the 
first case of renal autotransplantation performed in a dog. 
In the same year, he performed the first autotransplanta-
tion of a kidney to a dog, using the recipient’s carotid 
artery and jugular vein for vascular implantation. The 
operation technique was as follows: carotid artery and 
vein were ligated cranially, magnesium medical tubes 
were inserted into the proximal part of the vessels, to 
which a kidney, removed without flushing the vascular 
bed, wrapped in a napkin soaked in warm saline solution, 
was attached. The transplanted organ produced urine for 
5 days. A few months later, Ullmann presented the first 
xenotransplantation of a kidney from a dog to the neck of 
a goat. In 1912, Nobel laureate A. Carrel, who developed 
the vascular anastomosis technique, repeated Ullmann’s 
experiments. At that time, scientists and clinicians were 
not aware of the problems of ischemia-reperfusion injury. 
For more than 50 years, autotransplantation was not a 
hot topic, but during this time, researchers tested various 
kidney allotransplantation techniques using femoral and 
forearm vessels, as well as orthotopic position, alloim-
munity mechanisms were discovered and the first suc-
cessful kidney transplantation from a living donor into 
heterotopic (iliac fossa) position was performed [1, 2].

In 1956, Brazilian C. Freire performed this operation 
for the first time on a man with renal artery aneurysm, 
although an early thrombosis forced him to perform ne-
phrectomy [3].

Only in 1961, R. Schackmann and W. Dampster suc-
cessfully performed the same operation for the first time 
to preserve renal function in a patient suffering from 

renal artery stenosis and secondary arterial hyperten-
sion [4]. After the surgery, the patient’s blood pressure 
normalized and did not require prescription of hypoten-
sive therapy. This disease was previously considered 
incurable or treated by nephrectomy. In 1964, K. Ota 
performed renal autotransplantation in a 39-year-old 
patient for renal artery repair due to congenital vascular 
renal hypertension and complete obliteration of the right 
renal artery (Fig. 1, b) [5]. Autotransplantation of the 
right kidney into the left iliac fossa with microsurgical 
correction of the vessels was performed; the right renal 
artery was dilated using a venous graft patch.

American James Hardy performed autotransplanta-
tion of the right kidney to the right iliac region in 1963 
due to proximal ureteral stricture resulting from trau-
matic injury (Fig. 1, a). Notably, J. Hardy used moderate 
whole-body hypothermia (32–36 °C) rather than graft to 
minimize ischemic injury [1, 2].

Rapid development of clinical transplantology in the 
1970s gave impetus to the development of the topic of 
kidney autotransplantation. In 1970, J. Whitsell described 
a series of experiments on heterotopic autotransplanta-
tion in dogs without ureteral transection and a clinical 
case of successful treatment of a patient with extended 
(2.5 cm) arterial stenosis of the only right kidney. The 
renal vessels were reimplanted into the common iliac 
vessels, and the ureter was arched on the mesentery of 
the small intestine (Fig. 1, c) [6]. The first kidney au-
totransplantation for a malignant tumor was performed 
by famous pioneer of transplantology, R. Calne in 1971. 
A patient with bilateral renal tumor lesion with 1/3 of 
the right kidney parenchyma intact (according to selec-
tive angiogram) underwent left-sided nephrectomy with 
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Fig. 1. a, left to right: right ureteral stricture diagnosed by right-sided retrograde pyeloureterogram (through nephrostomy 
tube) and retrograde urethrogram. Operation scheme; b, left to right: arrows indicate complete obliteration of the right renal 
artery. Aortogram – arrows point to the right renal artery, after microsurgical correction. Retrograde pyelogram; c, left to right: 
positions of the repositioned kidney and course of the ureter – diagram, cystoureteropyelogram; d, bilateral renal tumor le-
sion. Left to right: selective angiogram. After left-sided nephrectomy and subtotal extracorporeal nephrectomy and 1/3 kidney 
autotransplantation; e, Preoperative retrograde pyeloureterogram
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subtotal ex vivo extracorporeal nephrectomy resection 
and its implantation into the iliac area [3, 7]. In 1972 
C. Linke and A. May were the first to describe the use 
of kidney autotransplantation to treat urological pathol-
ogy (Fig. 1, e), more specifically, retroperitoneal fibro-
sis causing atrophy and extended ureteral stenosis [8]. 
Preoperative retrograde pyeloureterogram demonstrated 
bilateral hydroureteronephrosis with external compres-
sion and medial deviation of both ureters. Subsequently, 

a multistage correction of ureteral compression was per-
formed, culminating in a right-sided renal autotrans-
plantation.

Thus, the range of indications for kidney autotrans-
plantation has been formed, including various vascular 
lesions of the renal pedicle, ureter and renal parenchyma 
of an infectious-inflammatory, metabolic, fibrotic, dys-
plastic and neoplastic nature (Table).

Table
Indications for kidney autotransplantation

Vascular

Renal artery aneurysm
Atherosclerosis of the renal artery and aorta (wall stenosis or dissection)
Fibromuscular dysplasia
Renal vein aneurysms
Nutcracker syndrome (aortomesenteric compression of the left renal vein)
Large saccular aneurysm of the renal artery
Midaortic syndrome

Urological (main)
Extended ureteral strictures
Ureteral avulsion
Idiopathic retroperitoneal fibrosis

Oncological

Complex intraorganic lesion
Bilateral tumor lesion
Prior to radiotherapy
Retroperitoneal sarcomas
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vaScular indicaTiOnS
Until recently, vascular pathology was the most com-

mon indication for kidney autotransplantation (Table). 
Currently, modern endovascular technologies have re-
placed autotransplantation in the treatment of arterial 
hypertension due to renal artery disease, having clear 
advantages – low invasiveness and possibility of re-
peated intervention without significant trauma to the 
patient. The same technologies are almost routinely used 
in the treatment of venous renal hypertension. But in 
some cases, for example, in large sized sac-shaped re-
nal artery aneurysm, autografting is still the method of 
choice [2, 9].

Midaortic syndrome (a rare abdominal aortic coarcta-
tion syndrome) deserves special attention. This is a rare 
vascular pathology of various etiological nature, lead-
ing to narrowing of the descending aorta at the level of 
the L6 thoracic to L1 lumbar vertebrae. It is caused by 
congenital or acquired arteritis (Takayasu disease), neu-
rofibromatosis, and fibromuscular dysplasia. Midaortic 
syndrome often leads to renovascular hypertension and 
decreased renal function. When endovascular interven-
tion is ineffective, abdominal aortic bypass with bilateral 
orthotopic renal autografting becomes the method of 
choice [10].

urOlOGical indicaTiOnS
Urological pathology is currently the main indication 

for kidney autotransplantation (Table). It is performed 
when ureteral prosthesis is necessary and plastic surger-
ies such as ureteroneocystostomy, ureteroureterostomy, 
pyelocystostomy, ipsilateral ureteroureterostomy, lower 
nephropexy, Boari surgery or psoas hitch are not pos-
sible due to tissue deficiency [11]. An alternative solution 
might be to replace the affected ureter with a section of 
the small intestine. However, the use of the small intes-
tine leads to higher chances of complications of varying 
severity. Persistent urinary tract infection, unregulated 
metabolic acidosis, excessive mucus production, and 
adhesions can occur in combination in almost a third 
of patients, carrying additional risks of loss of kidney 
function and sepsis. In addition, the use of the small 
intestine may be limited by adhesions in the abdomen 
and retroperitoneum due to previous interventions [12].

The widespread use of endoscopic methods of litho-
extraction and endourological treatment of uroteric 
tumors in recent decades has increased the number of 
extended lesions and proximal ureteric ruptures [13]. 
This leads to the need to perform temporary urinary 
diversion (nephrostomy) to preserve kidney function 
and provide multistage treatment. In such cases, kidney 
autotransplantation can be considered as a method al-
lowing to solve the problem of urinary tract restoration 
in the shortest possible time and avoid complications 
associated with additional urinary derivation from the 

damaged kidney and subsequent delayed reconstructive 
intervention [11, 14].

Idiopathic retroperitoneal fibrosis (autoimmune 
periaortitis) is a rare disease with an annual incidence 
of 0.1–0.3 cases per 100,000 people, involving the ab-
dominal aorta, iliac vessels and adjacent retroperitoneal 
space with frequent involvement of the middle and lower 
thirds of both ureters, leading to obstruction and terminal 
renal failure. The disease is caused by a chronic fibro-in-
flammatory process in which Ig4-secreting plasma cells 
are involved, and often requires differential diagnosis 
from retroperitoneal malignancies [15, 16]. If conserva-
tive treatment, including immunosuppressive therapy, 
progression of urinary tract obstruction is ineffective, 
bilateral kidney autotransplantation in heterotopic po-
sition allows to save a functioning renal parenchyma, 
preventing progression of chronic kidney disease [8].

OncOlOGic indicaTiOnS
In the last decade, improvements in surgical tech-

niques and complex, including chemotherapeutic, treat-
ment of cancer patients, and increase in prognosis of 
patients’ recurrence-free survival, has led to the devel-
opment of the concept of “organ-sparing” surgical treat-
ment of malignant tumors. A new sub-specialty, onco-
neurology, has appeared. The tasks of this subspecialty 
are: solving problems related to acute kidney injury and 
chronic renal failure in cancer patients, assessing neph-
rotoxic risks of antitumor therapy, both conventional 
chemotherapy and the latest molecular targeted therapy, 
treatment of renal manifestation of paraneoplastic pro-
cess, treatment of patients who underwent nephrectomy 
for renal cancer, aspects of renal replacement therapy 
amidst active treatment of oncological process, possi-
bility of performing kidney transplantation in patients 
who have undergone oncological treatment, treatment 
of oncological pathology in patients after kidney trans-
plantation [17, 18]. The cornerstone of onco-nephrology 
is the concept of “nephron-sparing” treatment (Table). 
The importance of this approach is due to the fact that 
acute kidney injury or chronic kidney failure leads to a 
significantly increased risk of mortality in cancer patients 
from non-oncological causes, primarily from cardiovas-
cular pathology [19, 20].

Organ-sparing treatment improves life expectancy in 
patients whose tumor has not spread beyond the kidney 
[21]. This is particularly important in patients with tumor 
lesions in one kidney, where all efforts should be focused 
on preserving the organ in order to avoid the need for 
chronic renal replacement therapy. Under such condi-
tions, kidney autotransplantation with ex-vivo resection 
or tumor enucleation appears to be a feasible technique; 
this operation has significantly lost its popularity in the 
last decade [22]. This is due to the fact that minimally 
invasive nephron-sparing surgery in malignant kidney 
tumors, such as laparoscopic or robotic partial nephrecto-
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my with superselective ischemic parenchyma, as well as 
ablative techniques, provide equivalent cancer-specific 
survival compared with radical nephrectomy [23].

Autografting with ex vivo tumor resection can be 
used in cases with complex intraorgan lesions involving 
the renal collar and/or the pelvicalyceal system, where 
resection carries risks of major blood loss or ischemia of 
the remaining, unaffected part of the renal parenchyma 
[24]. This operation can also be applied to multiple bi-
lateral renal tumor lesions when organ-sparing treat-
ment is absolutely obvious, but the standard approach to 
resection with bilateral local thermal ischemia carries a 
high risk of acute renal injury in the early postoperative 
period and chronic renal failure in the long term [7, 25].

On the other hand, autotransplantation for a kidney 
tumor can lead to a rather large range of complications, 
including bleeding (3.3–5% of cases), urinary tract in-
fections (7.4%), renal vein thrombosis (4.1%), and loss 
of graft function (12.3%). Although it is necessary to 
take into account that patients with initially more ana-
tomically complex spread of tumor process fall into the 
autotransplantation group [26].

Bolling described a casuistic case of kidney auto-
transplantation in a patient suffering from Ewing tumor 
arising from the 9th–11th ribs on the left side. In order 
to avoid radiation damage, the kidney was moved to the 
left iliac region before radiotherapy was started [27].

In 2010, V. Bonsal reported on the first removal of 
retroperitoneal liposarcoma in a block with the ureter, 
followed by kidney autografting into the iliac area to 
restore urine passage [28].

Surgical intervention is the main method of treat-
ment for locally disseminated retroperitoneal sarcomas. 
Neither radiotherapy nor chemotherapeutic combination 
therapy significantly improves tumor prognosis and con-
trol. The need for multivisceral surgery in the removal of 
retroperitoneal sarcomas is due to the principles of radi-
calism in the removal of malignant tumors. However, the 
modern and reasonable desire to perform organ-sparing 
operations has led to the need to find a more rational, 
but also technically complex, surgical approach [29]. 
Statistically, up to 40% of surgical interventions per-
formed for retroperitoneal sarcomas are combined with 
unilateral and sometimes bilateral nephrectomy. S. Mussi 
presents that there are 78.5% and 45.8% cases of kidney 
and ureter involvement in the tumoral process, respec-
tively, but infiltrative damage occurs at a much smaller 
frequency – 10.7% and 12.5%, and in other cases, the 
involvement has a compressive nature, which is espe-
cially characteristic of liposarcoma. The noninfiltrative 
nature of the growth of fatty sarcoma makes it more 
likely to perform surgery, while maintaining the mass 
of functioning nephrons [30].

The use of transplantation and extracorporeal surgical 
techniques in complicated retroperitoneal anatomico-
topographic conditions expands the possibilities of or-

gan-sparing treatment without reducing the radical nature 
of the intervention. Prolonged involvement of the ureter 
in giant retroperitoneal sarcomas may require its removal 
en bloc with surrounding tumor tissues. It is almost im-
possible to compensate for the ureteral length deficit in 
such cases using standard urological approaches. Per-
forming autotransplantation in the heterotypic position 
as a second step after tumor removal allows preserving 
the kidney function and urinary tract integrity [28, 31].

When retroperitoneal sarcoma spreads to the upper 
regions of retroperitoneal space, at the level of cavarenal 
segment of the inferior vena cava, the involvement of 
renal vascular pedicle and the difficulty of intraopera-
tive differentiation of tumor tissue from parainephral 
tissue can lead to the need for tumor nephrectomy [32, 
33]. In such cases, ex vivo dissection of the kidney from 
the surrounding tumor tissues followed by its autotrans-
plantation is possible to preserve kidney function [28].

In Russia and in post-Soviet states, the use of kidney 
autotransplantation in oncological diseases was actively 
studied by A.E. Zotikov [34], I.B. Schepotin [35] and 
R.I. Rasulov [36].

Technical PeculiariTieS 
Of auTOTranSPlanTaTiOn

The kidney autotransplantation technique does not 
differ fundamentally from that of allogeneic kidney 
transplantation, but there are a number of gray areas 
that require special attention.

The main condition for preserving the functioning 
renal parenchyma in autotransplantation is to minimize 
its ischemic injury. Controlled hypothermia is used as 
the first line of defense against hypoxic damage in organ 
transplantation. As a rule, organs are cooled to a tempera-
ture of 0 to +4 °C. Cooling reduces cellular metabolism 
and oxygen demand. However, at this temperature, a 
certain level of metabolism is preserved in human cells, 
which eventually leads to apoptosis and necrosis [37]. 
Therefore, the use of local hypothermia is indicated even 
at the tumor conglomerate explantation stage, when, 
due to traction at its extraction and mobilization stage, 
it is possible to kink the renal pedicle with blockage of 
organ blood flow. The use of pharmaco-cold protection 
during the ex vivo phase is also considered absolutely 
necessary. Kidney autotransplantation does not imply 
long periods of cold ischemia. Flushing of the vascular 
bed with 500.0 ml saline cooled to +4 °C with addi-
tion of 10,000 IU of heparin is considered sufficient for 
preservation of the renal autograft within 2–4 hours. On 
the other hand, the use of special preserving solutions 
(HTK, UW, IGL, etc.), which are now widely available, 
allows prolonging the cold ischemia time up to 24 hours 
without significant damage [38].

The most important factor for successful kidney au-
totransplantation is to obtain a renal artery and vein of 
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sufficient length and diameter c. Often prolonged com-
pression of these vessels by tumor tissue leads to wall 
thinning and reduced diameter, which can lead to vas-
cular complications after kidney reimplantation, both in 
the early and late postoperative period [39]. Marking the 
renal vessels during removal of the tumor-kidney block 
allows cutting off the vessels most proximally to obtain 
sufficient length and quickly find them in the conglomer-
ate for rapid cannulation and perfusion with a preserva-
tive solution, minimizing warm ischemia time [39, 36].

At the stage of extracorporeal kidney dissection, it is 
necessary to use a precision surgical technique with the 
use of surgical binocular loupes (recommended magnifi-
cation 2.5). This makes it possible to maximally protect 
important anatomical structures of the renal collar from 
damage during dissection, and to assess possible invasion 
into the collar and capsule of the removed kidney [36].

The choice of heterotopic position for kidney trans-
plantation is not accidental. This position has certain 
surgical advantages that minimize complications com-
pared with orthotopic autotransplantation. As a rule, the 
vessels of a renal autograft are somewhat shorter and 
thinner than those of an allograft. To prevent kinking 
and twisting of arterial and venous anastomoses, it is 
necessary to maintain some mobility in the anastomosis 
area. Wide mobilization of the external iliac vein, in 
some cases with intersection of the internal iliac vein, 
mobilization of the external iliac artery throughout, or 
use of the internal iliac artery, if its atherosclerotic lesion 
is excluded, can help avoid blood flow disturbances in 
the kidney and choose the optimal graft position in the 
iliac fossa [40, 41].

It should be noted that in patients with large-volume 
malignancies, balance in the blood coagulation system 
is shifted towards hypercoagulation. The use of anti-
coagulant therapy from day 1 after autotransplantation 
can reduce the likelihood of thrombosis in the vascular 
anastomoses area and in the renal microcirculatory bed 
[42, 43].

The second advantage of the heterotopic position is 
associated with the possibility of restoring urine passage 
in the transplanted kidney. The vast majority of urologi-
cal complications following a kidney transplant surgery 
are associated with impaired blood supply to the ureter 
and pelvis. Since the autograft ureter is fed only from 
the renal vessels, there is always a risk of ischemization 
of its distal parts. Shortening the ureter usually solves 
this problem. Proximity to the bladder also allows any 
available repair options to be performed if the ureter 
length proves insufficient [44, 45].

clinical caSe 1
Male patient Z., 29 years old, was admitted in October 

2013 at the Lopatkin Research Institute of Urology and 
Interventional Radiology in Moscow with complaints of a 
left nephrostomy tube. In his medical history, 12 months 
before admission to our clinic, the patient had undergone 
an attempt of contact ureterolithotripsy on the left for a 
stone in the upper third of the left ureter, which resulted 
in iatrogenic detachment of the left ureter. The patient 
was placed with a percutaneous puncture nephrostomy 
tube on the left side.
When examined at the Research Institute of Urology, 

the secretory function of the left kidney was found to have 
reduced by 23% according to the radioisotope study, 
and the kidney function on the right side was satisfac-
tory. According to ultrasound and multi-slice computed 
tomography (MSCT), the right kidney measured 12.5 × 
6 cm, the parenchyma was 1.5 cm thick, there was no en-
largement of the pelvicalyceal system. The type of blood 
supply was trunk. The left kidney was 11.8 × 5.8 cm, 
parenchyma was 1.5 cm thick,  there was no enlarge-
ment of  the pelvicalyceal system, a nephrostomy tube 
was visualized in the lumen of the pelvis. The type of 
blood supply was arterial. Left antegrade pyelography 
(Fig. 2, a) showed that the contrast medium was filling 
the pelvicalyceal system of the left kidney. No contrast 
agent was delivered to the left ureter from the pelvis. 

Fig. 2. a, antegrade pyelography (left); b, retrograde ureterography (left); c, d, renal MSCT with intravenous bolus contrast 
enhancement
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During retrograde ureterography on the left, ureteral 
catheter was inserted 3 cm above the orifice of the left 
ureter, where an insurmountable obstacle was encoun-
tered. No contrast agent is delivered above 3 cm of the 
left ureter from its orifice (Fig 2, b).
Given the patient’s young age, the intact function of 

the left kidney, and technical capabilities of the clinic, he 
underwent open autotransplantation of the left kidney. 
The left kidney with an artery and a vein was removed. 
Access  to  the  left  iliac  fossa was performed. The ar-
tery and vein of the left kidney were anastomosed with 
the iliac artery and vein. The left ureter was modeled 
from the bladder according to the Boari technique and 
anastomosed on the inner stent No. 6 with the left renal 
pelvis. The operation lasted for 145 minutes; blood loss 
was 250 mL. The postoperative period was smooth. The 
patient was discharged on day 14 after surgery. Internal 
stent and nephrostomy tube were removed 8 weeks after 
the operation. Control computed tomography revealed 
that the left kidney was located in the left iliac region, 
passage of the contrast agent from the left kidney was 
not impaired (Fig. 2, c, d).
The patient has been under our observation for eight 

years. Control ultrasound examination  in September 
2020  and  Doppler  ultrasonography  of  the  kidneys 
showed that the right kidney was intact, the left kidney 
was located in the left  iliac region, without  impaired 
blood supply. The left kidney was 11.4 × 5.8 cm in size, 
the parenchyma was 1.5 cm thick, the pelvicalyceal sys-
tem was not enlarged.

The patient leads an active lifestyle. He works (office 
worker), does sports (runs half marathons).

clinical caSe 2
Female patient D, 51 years old, diagnosed with stage 

IIIB primary retroperitoneal tumor with T4N0M0 (ac-
cording to histological examination of biopsy materi-
al – retroperitoneal multinodular liposarcoma (G1–G2) 
(Fig. 3, a) was admitted to our clinic.
The  primary  retroperitoneal  tumor was  removed 

(Fig. 3, b) with autotransplantation of the left kidney, 
corpuscular resection of the pancreas and splenectomy, 
resection of the left diaphragmatic dome, left-sided hemi-
colectomy, extirpation of the uterus with appendages, 
and formation of suspended jejunostomy.
Stages of kidney autotransplantation: 1, formation 

of vascular anastomosis between the renal artery and 
the left internal iliac artery (Fig. 3, c, d); 2, final view 
of autotransplanted kidney in heterotopic position after 
the formed intervascular anastomosis and interureteric 
anastomosis (Fig. 3, e).
The surgery lasted for 435 minutes; intraoperative 

blood loss was 2800 mL. The postoperative period was 
according to the extent of the surgical intervention per-
formed.
According to morphological examination, retroperito-

neal multinodular liposarcoma (G1–G2), predominantly 
well-differentiated lipoma-like (G1) with overgrowth to 
the diaphragm area, spleen capsule, pancreas, adrenal 
gland, fouling of these organs and myxoid liposarcoma 

Fig. 3. a, MSCT of abdominal organs and retroperitoneal space with intravenous bolus contrast enhancement; b, intraoperative 
view of primary retroperitoneal tumor resection; c, d, e, kidney autotransplantation stages
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node (G2) with ingrowth into the wall of one of the colon 
fragments were established.
Morphological examination of the removed specimen 

showed oncological radicality of the operation. The pa-
tient was discharged on day 18 after the surgery. She has 
been under our observation for 9 months with remission 
and intact function of the autotransplanted kidney.

clinical caSe 3
Female patient V., 48 years old, diagnosed with stage 

IB primary retroperitoneal tumor pT4N0M0 (according 
to histological examination of biopsy material –  low 
grade undifferentiated liposarcoma (G1)) (Fig. 4, a) was 
admitted to the clinic.

Fig. 4. a, MSCT of abdominal organs and retroperitoneal space with intravenous bolus contrast enhancement. b, intraoperative 
view of the tumor during resection; c, removed macro specimen; d, intraoperative view of the abdominal cavity after tumor 
resection; e, Ex vivo kidney isolation; f, kidney preparation for transplantation; g, completion of kidney autotransplantation 
stage
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The primary retroperitoneal tumor was removed by 
left adrenalectomy, followed by extracorporeal resection 
of the upper pole of the left kidney and its autotrans-
plantation to the iliac area; cholecystectomy, suspended 
jejunostomy were also performed (Fig. 4, b–g).
The surgery lasted for 370 minutes; intraoperative 

blood loss was 1200 mL. There were no complications 
during the postoperative period; it was according to the 
extent of the surgical intervention performed.
According to morphological study, undifferentiated 

low-grade liposarcoma (G1) of a spindle-cell structure, 
with  small- and moderate-cell  foci of necrosis, with 
4 mitoses per 10 high power fields of view ×40 was 
established.
A morphological examination of the removed speci-

men showed oncological radicality of the operation. The 
patient was discharged on day 14 after surgery. Post-
operative rehabilitation is ongoing (1.5 months after 
surgery).

diScuSSiOn
Kidney autotransplantation is the method of choice 

for treatment aimed at preserving renal function. Its in-
dications have varied since its introduction into clinical 
practice and up to the present time. New techniques, for 
example, endovascular surgery, has reduced the range 
of vascular indications for kidney autotransplantation.

Prolonged ureteric lesion remains one of the consid-
ered indications for kidney autotransplantation when 
there is a need for nephron-sparing treatment or social 
adaptation (sparing patients from lifelong use of neph-
rostomy tube or ureteric stent).

Recently, in the treatment of primary retroperitoneal 
tumors (PRT), there has been a tendency towards aban-
doning monobloc and cytoreductive surgery in favor of a 
balanced approach. A balanced approach in the treatment 
of primary retroperitoneal tumor includes: nephron-spar-
ing interventions; removal of well-differentiated PRTs 
by separate “compartments” in order to maximize organ 
preservation; kidney autotransplantation. The impor-
tance of nephron-sparing interventions in PRT is due to 
minimization of the probability of acute kidney injury 
and chronic kidney disease, which increase the risk of 
mortality in cancer patients from non-cancer causes of 
stroke, and coronary heart disease [19, 20]. Preserved 
kidney function gives freedom in prescribing effective 
adjuvant therapy regimens. However, indications on the 
PRT side are extremely limited: well-differentiated (G1) 
liposarcomas; location of the kidney in the thickness of 
tumor nodules, involvement of renal vessels with pre-
served kidney function; extended involvement of the 
ureter; single kidney.

A multidisciplinary approach involving transplant 
specialists is necessary when extensive kidney involve-
ment in the tumor process with kidney function intact is 
suspected. With proper planning of surgical intervention, 

it is possible to achieve good immediate and long-term 
treatment outcomes.

cOncluSiOn
The literature and the clinical cases from urological 

and oncologic practice presented by us show that kid-
ney autotransplantation can be safely used according to 
strictly chosen indications.

The authors declare no conflict of interest.
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inTrOducTiOn
The early 21st century saw a breakthrough in effec-

tive allotransplantation of pancreatic islets (PIs) in pa-
tients with type 1 diabetes mellitus by the emergence of 
the Edmonton Protocol [1]. Since then, there have been 
certain improvements in the outcomes and safety of islet 
transplantation [2]. At the same time, some transplan-
tation centers have consistently been more successful 
than others [3], and this difference is largely, if not to a 
decisive extent, due to the quality of isolated islets, which 
depends on the methodological level and experience of 
the researchers involved in this problem.

The proper use of collagenase preparations, which are 
the most important reagents used for islet isolation, sig-
nificantly affects the quantity and quality of islets (more 
precisely, islet equivalents) and ultimately determines 
the outcomes of their transplantation in diabetic patients 
[3]. For a number of years, Liberase H1 (Roche) was 
most widely used for islets isolation from collagenase 
preparations, which, in fact, was considered to be the 
enzyme of choice [4]. In 2007, however, concerns about 
its use arose after attention was drawn to the fact that it 
used raw material derived from bovine brains, which, in 
theory, could potentially transmit prion-related diseases 
[5]. Since then, efforts have been made to substitute this 
preparation by modifying its components and studying 
the digestive activity of new enzymes [6]. As a result, 
enzyme mixtures including Serva collagenase NB1, a 
mammalian tissue-free version of Liberase (Roche), and 
a new Vitacyte mixture were used [7–9]. Despite the 
fact that Liberase HI and Collagenase NB1 were the 

most widely studied enzymes for human islet isolation, 
quantitative and qualitative results obtained in a number 
of centers differed significantly and were often contra-
dictory. At the same time, determination of islet β-cell 
function (basal and stimulated insulin secretion) was 
the criterion for qualitative assessment of islet samples 
isolated at multiple U.S. centers from donors with vary-
ing characteristics [10].

The lack of standardization of enzymatic treatment of 
human pancreatic tissue can, to a certain extent, explain 
the high variability of islet isolation results. In order to 
determine a reasonable choice of the most acceptable 
option for pancreatic tissue treatment, a comparative 
meta-analysis of the results of using mixtures of dif-
ferent enzyme preparations in islet isolation from de-
ceased donors was performed [11]. The effect of different 
enzymes on the equivalent number of islets obtained 
from 1 gram of pancreas was evaluated, determining 
the degree of their purification, viability, and glucose-
stimulated insulin secretion. The meta-analysis showed 
that it seems that research on standardization of isolation 
of sufficient numbers of islets from donor pancreas has 
reached its limits, and after a surge in achievements in 
the early 2000s there was a stagnation period in this field, 
which made it almost impossible to significantly increase 
effective islet transplantation in the clinic. Numerous 
experiments with the use of the pancreas of laboratory 
animals, primarily rodents, continuing to the present 
time, have not allowed to significantly improve islet iso-
lation method [12–14] and extrapolate the obtained data 
to the protocol for islet isolation from the pancreas of 
deceased donors. Experiments on islet co-culture with 
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mesenchymal stromal cells give some hope for increas-
ing the survival time and functional capabilities of islets 
[15, 16].

It is important to note that, in addition to exogenous 
enzyme preparations, activation of its own proteolytic 
enzymes produced by acinar cells can have a signifi-
cant impact on the number and quality of islets isolated 
from donor pancreas. As is known, the exocrine secretory 
function of the pancreas is to secrete pancreatic juice into 
the duodenum, which promotes the breakdown of protein 
from food into amino acids. Proteolytic enzymes repre-
sented by trypsin, chymotrypsin and carboxypeptidase, 
are secreted into the duodenal lumen in an inactive state, 
and they are activated under the influence of intestinal 
juice enterokinase. However, intraorgan activation of 
intrinsic enzymes in donor pancreas is quite real and 
is mainly associated with impaired oxygen supply dur-
ing its extraction, cold storage and during islet isolation 
procedure [17]. Increased lactate production as a result 
of anaerobic glucose breakdown under hypoxia/anoxia 
causes intracellular acidosis, which is one of the main 
inducers of premature intracellular trypsinogen autoacti-
vation and subsequent triggering of the enzyme cascade 
in acinar cells [18]. Since 90% of proteins synthesized by 
acinar cells are digestive enzymes, the inevitable isch-
emia periods provide “ideal” conditions for triggering 
autolytic processes in the pancreas [19]. The negative 
effect of endogenous pancreatic proteases on functional 
ability of islets was noted, in particular, in ischemia/
reperfusion-induced pancreatitis developing during pres-
ervation of donor pancreas [20]. Islet survival during 
ischemia can also be hindered by the fact that islets are 
directly surrounded by acinar cells, which are character-
ized by higher density of zymogen granules compared 
to teleinsular cells. This histological feature makes islets 
particularly vulnerable to proteolytic damage [21].

Lack of progress in the development of islet isolation 
methods has made it necessary to search for new, more 
effective approaches to obtaining islet tissue in quanti-
ties sufficient for successful transplantation treatment 
of patients with diabetes mellitus. In this work, we have 
studied the possibility of obtaining islet cell cultures puri-
fied of exocrine ballast without using standard enzyme 
preparations, which, as mentioned above, significantly 
reduce survival rate and functional capabilities of iso-
lated islets.

maTerialS and meThOdS
Laboratory Soviet chinchilla rabbits of different age 

and body weight were used as pancreas donors. There 
were 60 newborns (1–2 days old) weighing 60–70 g and 
12 one-month old weighing 600–700 g, i.e. much higher 
than that of newborn rabbits. The animals were obtained 
from a laboratory animal nursery belonging to KrolInfo 
LLC with presentation of a veterinary certificate.

Given the above-described deleterious effect of pro-
teolytic enzymes released during prolonged manipula-
tions with donor pancreas on islets, we used techniques 
that reduce this effect, minimizing, in particular, organ 
ischemia time. We assumed that moderate proteolysis 
by endogenous enzymes, inevitable even at the shortest 
treatment of pancreatic tissue, would lead to death of 
acinar cells only, but would not have a damaging effect 
on islets. Therefore, in order to prevent excessive au-
tolysis of pancreatic tissue, immediately after euthanasia 
of the animals and extraction of the pancreas, the latter 
was placed in a cold (4 °C) Hanks’ balanced salt solution 
(PanEco), then quickly, using ophthalmic forceps, the 
capsule, visible blood vessels and the excretory ducts 
were removed and the organ was cut into about 2 mm 
fragments, which were washed twice with cold Hanks’ 
solution, then carefully crushed with sharp ophthalmic 
scissors for 7–10 minutes. The duration of microdis-
section depended on the visible features of the treated 
gland and was determined by the researcher in each par-
ticular case. The resulting thick tissue suspension was 
washed with cold Hanks’ solution at least three times. 
As a result of these manipulations, the treated pancreatic 
tissue at room temperature (20–24 °С) was presumably 
exposed only to sparing proteolytic effect of endogenous 
pancreatic enzymes, which, after abundant washing of 
the resulting tissue suspension, were removed together 
with fragments of autolysed exocrine tissue. The tissue 
suspension obtained after treatment of 1 pancreas of a 
one-month-old rabbit, or 5 pancreases of newborn rabbits 
consisted mainly of microfragments smaller than 1 mm3, 
which were transferred to a 25 cm3 culture tube (Corn-
ing), where 10–12 mL of RPMI-1640 HEPES medium 
without glutamine (PanEco) was immediately added and 
1 mL of fetal calf serum (HyClone) was added. The tubes 
were placed in an incubator and cultured at 37 °C. The 
growth medium was replaced with fresh medium every 
2–3 days. Changes occurring during incubation were 
monitored through a Nikon Eclipse TS 100 inverted mi-
croscope by daily monitoring; significant changes were 
recorded using a digital camera.

Histological examination of native pancreas of the 
newborn and one-month-old rabbits, as well as samples 
of the resulting cultures, at different periods of incu-
bation of pancreatic microfragments, was carried out. 
The studied material was fixed in formalin. After routine 
dehydration, the samples were embedded in paraffin. 
The 4 μm thick media were stained with hematoxylin 
and eosin, and subjected to immunohistochemical stain-
ing according to the horseradish peroxidase standard 
technique to detect the main types of islet cells using 
appropriate monoclonal antibodies: antinsulin and an-
tiglucagon (Sigma).
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reSulTS and diScuSSiOn
Histological examination of the pancreas of 1–2-day-

old rabbits and the pancreas of one-month-old rabbits 
revealed a significant difference in the ratio of endocrine 
(islet) and exocrine (acinar) tissues in these animals of 
different ages. The proportion of exocrine tissue in young 
animals was significantly higher than in the newborns. At 
the same time, oval-shaped islets were clearly separated 
from the surrounding exocrine tissue by interlayers of 
connective tissue (Fig. 1, a). At the same time, in new-
born animals, due to the natural absence of active diges-
tion, the exocrine pancreas is poorly developed; islets in 
the neonatal pancreas are markedly smaller, irregular, 
jagged and have no pronounced connective-tissue in-
terlayers at the border with exocrine cells (Fig. 1, b).

Such histological features made the treatment of pan-
creatic tissue of newborn rabbits with collagenase prepa-

rations inappropriate because of the practical absence 
of a point of action of such enzymes (collagen fibers of 
connective-tissue interlayers). Therefore, it was decided 
to study the changes occurring during cultivation of the 
pancreas of newborn rabbits subjected only to mechani-
cal crushing without enzyme treatment.

Observations using an inverted microscope revealed 
a significant decrease in the mass of exocrine tissue al-
ready on day 2–3 of incubation of neonatal pancreatic 
microfragments and their compaction and “growing” 
against the background of final death and elimination of 
acinar cells by the end of day 5–7 (Fig. 2).

The detritus formed during acinar cell destruction 
was safely removed during the next replacement of the 
culture medium. As a result, a culture was formed con-
sisting almost entirely of free-floating dense globular or 
ovoid structures (Fig. 3).

Fig. 2. Completion of spontaneous purification of newborn 
rabbit pancreatic microfragments from exocrine tissue. In-
verted microscope. 100×

Fig. 3. Formation of floating cultures after 7-day incubation 
of pancreatic microfragments of newborn rabbits. Inverted 
microscope. 100×

 

Fig. 1. a, pancreas of a one-month-old rabbit; b, pancreas of a one-day-old rabbit. Immunohistochemical staining of beta-cells 
of islets with insulin antibodies. 200×

а b
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Fig. 4. Floating cultures obtained from the pancreas of new-
born rabbits. H&E stain. 200×

Fig. 6. Preserved exocrine tissue in the pancreatic microfrag-
ments of one-month-old rabbit after 10-day incubation. In-
verted microscope. 100×

Fig. 5. Immunohistochemical staining of floating cultures ob-
tained from the pancreas of newborn rabbits using insulin (a) 
and glucagon (b) antibodies. 200×

а

b

Histological analysis of the cultures showed that they 
consisted of epithelium and were surrounded at the pe-
riphery by a layer of epithelium-like or fibroblast-like 
cells (Fig. 4).

Immunohistochemical staining made it possible 
to identify the epithelium contained in the cultures as 
insulin-positive cells (to a greater extent) and glucagon-
positive cells (Fig. 5).

The characteristic spherical and/or ovoid shape of 
the resulting free-floating cultures and detection of islet 
β- and α-cells in them gave grounds to call them floating 
islet-like cultures (FICs).

In contrast to obtaining cultures from the pancreas 
of newborn rabbits, the use of similar conditions when 
incubating pancreatic microfragments of one-month-old 
rabbits did not lead to pronounced elimination of exo-
crine tissue. Apparently, the reason for this failure was 
the presence of a significantly higher proportion of exo-
crine pancreatic tissue in young rabbits compared with 
the neonatal pancreas. Degradation by pancreatic acini 
was slow, and a significant amount of them persisted 
even after 8–10 days of incubation (Fig. 6).

At the same time, the prolonged effect of proteolytic 
enzymes released from acinar cells on the islet tissue 
apparently had a negative effect on its morphofunctional 
state, which prevented FICs formation. Therefore, we 
decided to increase the incubation temperature, which, 
presumably, could accelerate the death of exocrine tissue 
and provide more favorable competitive conditions for 
endocrine tissue survival.

In spite of the fact that the classical incubation con-
dition is normothermia (temperature not higher than 
37 °C), taking into account the natural resistance of 
pancreatic islets to unfavorable conditions and absence 
of such in exocrine tissue, we decided for the first time to 
incubate pancreatic microfragments at 38 °C, especially 
since normally the temperature inside the human and 
mammalian body can reach 38 °C.

As observations using an inverted microscope 
showed, such a regime (formally hyperthermic) is able to 
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accelerate death and elimination of exocrine pancreatic 
tissue, which significantly reduces possible proteolytic 
effect on islets, contributing to their rapid cleansing and 
survival. Due to creation of such temperature conditions, 
a distinct degradation of exocrine tissue was observed 
already by day 3–4 of incubation (Fig. 7), and by day 
8–10 ballast-cleared cultures were formed (Fig. 8).

Histological examination of the obtained floating 
cultures showed that they consisted mainly of viable 
epithelial cells (Fig. 9).

Using immunohistochemical staining, insulin gran-
ules were detected in their central part, indicating se-
cretory activity of islet β-cells (Fig. 10). Thus, it was 

confirmed that islet-like cultures were obtained from the 
pancreas of one-month-old rabbits.

cOncluSiOn
In our opinion, the very natural isolation, close-

ness of islets from the surrounding exocrine tissue, this 
“enzyme-boiling cauldron”, allows us to hope that the 
native enzyme system of the pancreas is less dangerous 
for islets than the aggressive enzyme mixture that is un-
naturally introduced into pancreatic tissue with the only 
purpose of “knocking out” islets, isolating them from the 
exocrine tissue. This consideration is confirmed by the 
fact that in acute pancreatitis, the endocrine (islet) tis-
sue is very rarely affected, and only in cases of repeated 

Fig. 7. Beginning of spontaneous purification against exo-
crine tissue at day 4 of incubation of pancreatic microfrag-
ments of one-month-old rabbits under hyperthermic condi-
tions. Inverted microscope. 100×

Fig. 8. Formation of floating cultures at day 10 of incubation 
of pancreatic microfragments of one-month-old rabbits un-
der hyperthermic conditions. Inverted microscope. 40×

Fig. 9. Floating cultures obtained from the pancreas of one-
month-old rabbits, day 8 of incubation under hyperthermic 
conditions. H&E stain. 400×

Fig. 10. Floating cultures obtained from the pancreas of one-
month-old rabbits, day 8 of incubation under hyperthermic 
conditions. Immunohistochemical staining with insulin an-
tibodies. 400×
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episodes of recurrent pancreatitis or, more often, as a 
result of extensive pancreonecrosis, significant num-
ber of islets die, which leads to a pronounced deficit of 
insulin-producing β-cells, development of insulin de-
ficiency and, naturally, to the clinical manifestation of 
insulin-dependent diabetes mellitus.

Results obtained in this study suggest that the use 
of exogenous enzymes for the treatment of donor pan-
creas tissue in the process of obtaining cultures consist-
ing mainly of endocrine (islet) cells can be abandoned. 
Numerous observations using an inverted microscope 
showed that under standard conditions of incubation of 
the microfragments of mechanically crushed pancreas, 
its exocrine tissue dies spontaneously. This destructive 
process seems to be caused by autolysis of acinar cells 
under the influence of digestive enzymes contained in 
them during normothermic cultivation. The resulting 
detritus is removed in a timely manner during the next 
replacement of the culture medium. At the same time, 
naturally protected islets are not significantly damaged, 
which is due to the presence of islet-surrounding base-
ment membranes consisting of various extracellular ma-
trix proteins [22, 23]. The basement membrane serves 
as a peculiar interface between islets, endothelial cells 
and acinar cells through integrins and other cell recep-
tors [24, 25], forming a protective barrier that ensures 
morphological integrity of islets during non-intensive 
self-digestion of the pancreas. As a result, the endocrine 
(islet) tissue seems to spontaneously cleanse itself from 
the, unnecessary ballast but highly immunogenic, exo-
crine tissue, while preserving the extracellular matrix 
necessary for survival and functioning of islet cells, 
represented, in particular, by the periosteal membrane 
mentioned above.

The most rapid process of getting rid of exocrine tis-
sue occurs at the standard incubation temperature (37 °C) 
of microfragments of newborn rabbits. However, this 
mode turned out to be unsuitable for the pancreas of 
young (one-month-old) animals, which is due to the 
presence of a much higher percentage of exocrine tis-
sue. It was decided to apply non-standard hyperthermic 
(38 °C) incubation for the first time in order to intensify 
autolytic processes. As expected, under the new tempera-
ture conditions, there was a significantly greater loss of 
exocrine tissue contained in the crushed pancreatic mi-
crofragments already at day 5–7, as well as their gradual 
compaction and scalding. These processes led to the 
formation of FICs similar to those we obtained from the 
pancreas of newborn rabbits.

Therefore, the rational methodological approaches 
developed in this study make it possible to obtain islet-
like cultures purified of exocrine tissue without the use of 
the expensive and ambiguously effective enzyme prepa-
rations. In our opinion, further experiments on modifica-
tion of the enzyme-free method of obtaining islet cell 
cultures from adult rabbits will provide data that can be 

extrapolated to develop a more rational and productive 
method of pancreatic islet isolation from deceased hu-
man donors.

The authors declare no conflict of interest.
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inducTiOn Of OSTeOGeneSiS in raBBiT mandiBular 
BOne TiSSue uSinG an alBumin-BaSed crYOGenicallY 
STrucTured POrOuS 3d carrier lOaded  
wiTh a BiOreGulaTOr
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Objective: to study the induction of osteogenesis caused by introducing into the defect area broadly porous cryo-
genically structured 3D carriers, based on serum albumin and loaded with a bioregulator isolated from bovine 
serum on an experimental model of mandible defect in rabbits in vivo. Materials and methods. Cryogenically 
structured sponges in the form of cylindrical specimens, 5 mm in diameter and 5 mm in height, prepared from 
bovine serum albumin, were used as the bioregulator carrier. The experimental laboratory animals were male Chin-
chilla rabbits, weighing 2–2.5 kg. Bone tissue was skeletonized under anesthesia (intramuscular anesthetic Zoletil 
100) with a 3-cm incision in the angle of the mandible and a 5-mm-diameter cutter was used to create a 2–3-mm 
deep defect to install an appropriate-size albumin sponge. A total of 24 animals participated in the experiment. 
X-ray control of the defect area was performed in vivo on day 14 using PanExam+ (Kavo) device (20 m X-ray). 
Histological examination of tissues was carried out at day 30 after the defect using a light microscope. Results. 
Experiments performed indicate an active restoration of bone tissue in the extensive defect area when using an 
albumin-based 3D carrier with the inclusion of a bioregulator as compared to the control experiments. There 
were osteointegrative and osteoinductive processes, almost complete decomposition (biodegradation) of albumin 
sponge with formation of islands of dense bone tissue with small foci of coarse fibrous tissue in the defect. This 
demonstrated good dynamics of recovery processes at this stage of healing. Conclusion. Under the action of a 
serum bioregulator contained in an albumin-based sponge, the repair process leads to restoration of normal bone 
tissue without formation of bone callus and altered bone tissue different from the native one.
Key words:  osteoinduction,  3D  technology,  cryogels,  bioregulators.
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inTrOducTiOn
In maxillofacial surgery, the problem of restoring 

bone defects with the use of special implant materials 
or compositions remains a hot topic. Moreover, it is im-
portant what materials and with what filling are used 
for replacement and restoration of bone tissue in vari-
ous pathological processes. In particular, methods with 
replacement of bone defects using auto- and allografts 
as well as decalcified and decellularized artificial bones 
are used. However, our own bone material is not always 
available, especially for large defects, and the use of 
allografts and artificial materials can lead to complica-
tions, including rejection. Currently, there are still no 
implant materials and constructs that can fully meet all 
the requirements. In this regard, the development of new 
materials for implants, as well as means and methods of 
increasing their effectiveness should be considered very 
urgent [1]. Meanwhile, bone-made implants, subjected 
to the necessary pretreatment [2], as well as implants 

formed from biopolymer precursors suitable for this 
purpose are of interest [3, 4].

Membranous bones, such as cranial bones, provide 
better engraftment in the maxillofacial defect area [5]. 
Porous tissues such as cancellous bone can be used for 
faster sprouting of blood vessels in them and accelera-
tion of ossification processes [6]. Grafts from decalcified 
bone matrix are also of interest since it has been shown 
that demineralized bone promotes osteoinduction pro-
cesses [7, 8].

Previously, we investigated the effect of serum bio-
regulator in cryogenically structured sponge carriers (so-
called cryogels and cryostructures [9]) on the repair of 
femoral defects in Wistar rats at different periods (day 
7, 14, 30, 90). Moreover, it has been shown that during 
wound healing, there is an effective recovery of dense 
bone tissue, starting from early periods, leading to os-
teogenesis stimulation with complete recovery by late 
periods and with the formation of dense bone tissue in 
the experimental defect area [10, 11]. The best results in 
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these experiments were achieved using albumin cryogels 
[12] as carriers of serum bioregulator [11]. The use of 
cryogels based on other proteins for the treatment of 
bone defects has also been reported [13]. For example, 
in the case of a cryogel formed from collagen filled with 
hydroxyapatite nanoparticles, safety, biodegradability 
and osseointegration induced by this material have been 
demonstrated over a long period (15 weeks) in vivo [14].

Given the positive results of the above experiments 
on the positive effect of serum bioregulator included in 
albumin cryogel on the regenerative process in the case 
of rat femur defect healing model, we planned to study 
the restoration of rabbit jaw bone, since there are signifi-
cant differences between the tubular bones and the jaw 
bone. The jaw bone has a lamellar structure, the maxilla 
has a lot of spongy bone tissue and a thinner cortical 
plate of dense tissue, the mandible has a denser cortical 
plate [15]. Therefore, the jaw bones, as well as the skull 
bones, are less amenable to repair after damage. It was 
expected that the use of a bioregulator form adsorbed 
on a protein carrier as a transport conductor would ac-
celerate osteogenesis stimulation, as a factor aimed at 
restoring the artificially created mandibular tissue defect.

maTerialS and meThOdS
We used cryogenically structured sponge media in the 

form of cylindrical samples, 5 mm in diameter and 5 mm 
in height, prepared from bovine serum albumin accord-
ing to a previously published technique [12]. Then, the 
resulting porous carriers were incubated in an aqueous 
solution of bioregulator, frozen, and lyophilically dried. 
The control samples were albumin carriers containing 
no bioregulator, also lyophilically dried.

The bioregulator was isolated from bovine blood 
serum (a commercial preparation used as a nutrient ad-
ditive to culture media, BioLot) using a technique that 
included protein desalting with ammonium sulfate, di-
alysis, concentration, and then isoelectrophocusing in 
a sucrose density gradient at pH 3–10 [16]. The high 
degree of bioregulator purification was demonstrated 
by electrophoresis in polyacrylamide gel electrophoresis 
and reverse-phase HPLC. In this work, we used a com-
mercial preparation Viorgon 1, manufactured by IPB.

The experimental laboratory animals were male 
Chinchilla rabbits, weighing 2–2.5 kg. Bone tissue was 
skeletonized under anesthesia (intramuscular anesthetic 
Zoletil 100) with a 3-cm incision in the angle of the 
mandible and a 5-mm-diameter cutter was used to cre-
ate a 2–3-mm deep defect to install an appropriate-size 
albumin sponge. The study materials – 3D carriers con-
taining and not containing the blood serum bioregula-
tor – were placed into the formed defects. After filling 
the defects, soft tissues and skin were sutured. The ani-
mals were kept under standard vivarium conditions. The 
wound was sutured in layers after treatment with 3% 
hydrogen peroxide solution. The suturing was done with 

interrupted stitches with full coverage of the implant. 
Hemostasis was performed in the course of the opera-
tion. The skin wound was sutured with interrupted 4-0 
polyglycolic acid sutures. Each rabbit was fitted with one 
test specimen of albumin sponge, either containing no 
serum bioregulator or containing serum bioregulator. In 
the negative control, nothing was inserted into the defect 
area and the wound was sutured. The following groups 
of 6 rabbits each were formed:
1. Native control (rabbits without defects).
2. Negative control (no albumin sponges were inserted 

in the defect area).
3. Control group (albumin sponges without serum bio-

regulator were inserted in the defect area).
4. Experimental group 1 (albumin sponges containing 

serum bioregulator at 10–10 mg/mL final concentration 
were inserted in the defect area).
A total of 24 animals participated in the experiment.
The defect area was subjected to X-ray imaging on 

day 14 in vivo on the PanExam+ (Kavo) device, (20 μR).
We divided the state of bone tissue on the radiographs 

into 3 points.
Score 1 – complete absence of osteoid tissue ele-

ments; the bone defect is determined radiographically 
as a shadow and defect zone, more filled with fibrous 
connective tissue.

Score 2 – defect area is 30–40% filled with islets of 
osteoid tissue and partially with coarse fibrous connec-
tive tissue, which presumably should restructure into 
young bone tissue with trabecular structure.

Score 3 – in the defect area, bone tissue density was 
almost equal to that of the parent tissue; small islets of 
connective tissue were observed against the background 
of active growth of normally structured bone tissue; but 
in general, identifying the defect area was difficult.

The state of bone defects was studied on day 14 via 
X-rays since the main regeneration processes, which 
further determine the quality of the bone tissue formed 
in the defect area, take place at this early stage. On day 
30 after surgery, the animals were removed from the 
experiment, bone material was extracted from the defect 
area, fixed in formalin, decalcified, and embedded in 
paraffin to prepare 10 μm-thick histological sections. The 
histological sections were stained with hematoxylin and 
eosin and studied using light microscopy.

reSulTS and diScuSSiOn
As stated earlier, the main objective of this study was 

to test the possibility of osteogenesis induction caused 
by the action of serum bioregulator in the artificial bone 
defect area of a rabbit mandible, when such bioregulator 
was injected there in adsorbed manner on a cryogeni-
cally structured sponge cryogel prepared from denatured 
serum albumin. Formation of the above macroporous 
carrier is based on the previously discovered effect of 
cross-linking of the polypeptide chains of serum albumin 



50

RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS Vol. XXIV   № 1–2022

Fig. 1. Microstructure of serum-albumin-based cryogel con-
trasted with 0.125 mM aqueous methylene blue solution (op-
tical stereomicroscope SMZ1000 (Nikon, Japan), equipped 
with digital system MMC-50C-M (MMCSoft, Russia) for 
image recording)

200 μm

Fig. 2. X-ray of the rabbit mandible in the defect area (indicated by arrow) on day 14 in the control group: a, low magnifica-
tion; b, high magnification

а b

quence of operations leads to formation of a spongy 
protein cryogel (Fig. 1), which is easily degraded by 
proteases in case of a specific application [18]. It is this 
albumin carrier that was used in this work to introduce 
the serum bioregulator, adsorbed by it, into the body of 
laboratory animals.

In the early stages after the defect (14 days), the state 
of the bone tissue was examined in vivo by X-ray.

The negative control on the mandible showed a defect 
zone without clear contours, there was a tendency to fill 
the formed defect. In the center, there are defined islands 
of dense substance, most likely zones of bone mass for-
mation (score 1.5–2 on the scale described above). In the 
peripheral area of the defect, towards the center of the 
defect from the edge of the bone tissue, there were struc-
turally more differentiated islands of bone substance. 
Radiographs show loose connective tissue located near 
the edge of the defect, which consists of intertwined 
bundles of collagen fibrils (Fig. 2).

In the control with a sponge, the defects were filled 
with connective tissue (coarse fibrous collagen tissue). 
In some areas closer to the edge of the maternal bone, 
islands of new bone substance deposition are detected 
(score 1 on the scale described above) (Fig. 3).

In the experimental group with the inclusion of serum 
bioregulator in the albumin sponge, exophytic growth of 
newly formed bone tissue with a trabecular structure in-
terspersed with a fibrous matrix was determined in the de-
fect area. Foci of osteogenesis in the form of osteoid depo-
sition in the connective-tissue layer were observed (score 
2.5–3 according to the above described scale) (Fig. 4).

by disulfide bridges due to intermolecular thiol-disulfide 
exchange reactions resulting from the introduction of a 
denaturant (particularly urea or guanidine hydrochloride) 
and a small amount of a reducing agent (e.g., cysteine) 
into the initial protein solution, followed by freezing, 
freeze-drying, and further thawing [12, 17]. This se-
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Fig. 3. X-ray of the rabbit mandible in the defect area (indi-
cated by arrow) on day 14 in the albumin sponge group

Fig. 4. X-ray of the rabbit mandible in the defect area (indi-
cated by arrow) on day 14 in the group with albumin sponge, 
containing serum bioregulator

The histological description of the bone tissue state in 
the defect area on day 30 after its application in different 
groups gave the following picture.

Native control: Dense bone tissue, bone marrow 
(mostly yellow – fatty tissue, but red bone marrow is 

also presented) is visible inside cavities of bone beams. 
Elements of teeth with dentin, enamel and immature 
mesenchymal cells are well expressed. Dense bone tis-
sue is well expressed, there are visible vessels. Osteons 
are well expressed, with small lacunae between the os-
teocytes. Nuclei of osteocytes are large, oval in shape. 
A mature lamellar osteoid bone is represented (Fig. 5, a).

 

 

Fig. 5. Bone tissue of rabbit mandible: a, native; b, 30 days after application of defect (negative control, without introduc-
tion of any materials into the defect area; c, 30 days after application of defect (control, with introduction of albumin sponge, 
containing no serum bioregulator, into the defect area); d, 30 days after application of the defect (experimental group, with 
introduction of albumin sponge, containing serum bioregulator, into the defect area). 1, osteons; 2, remains of albumin sponge; 
3, immature osteoid tissue; 4, dense bone tissue; 5, bone marrow. 200× magnification. The arrow indicates the defect area
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In the negative control group (no filling of defect 
area with materials), there is no complete healing of 
defects. The wound cavity is filled with tissue detritus, 
between which a new bone is forming, bone marrow 
is not expressed. Immature osteoid tissue is observed, 
lacunae are not expressed. Fibrous bone tissue, vessels 
are poorly represented (Fig. 5, b).

In the control group (filling of defect with albumin 
sponge containing no serum bioregulator), the wound 
was healing without bone marrow formation. One can 
see active formation of bone tissue, osseointegration of 
albumin sponge into bone, formation of cavities in it and 
partial settlement by cells. And also on the border, there 
is active cell granulation with formation of immature 
osteoid tissue (Fig. 5, c).

In the experimental group (filling of defect with 
albumin sponge containing the serum bioregulator), 
the remains of decomposing albumin sponge are visible 
in the damage area, the newly formed bone is dense, 
with small lacunae. Inside the bone cavity, bone mar-
row is visible. Formation of dense mature osteoid tissue 
with formation of osteons and haversian canals and bone 
marrow is proceeding. The alveolar bone tissue and the 
lamellar dense bone are being rebuilt (Fig. 5, d).

Any connective tissue is a precursor of bone tissue. 
It is necessary for the growth of integration processes 
and filling of defects with bone tissue. In the negative 
control group with an albumin sponge containing no 
bioregulator, we observed the beginning of the bone 
repair process with the formation of immature bone, in 
contrast to the group in which albumin sponge containing 
a serum bioregulator was introduced into the defect area. 
Thus, the albumin sponge is a carrier, which is neces-
sary for the settlement of newly formed cells in it as an 
osteoconductor, and the osteoinducer, which accelerates 
the process of mature bone tissue restoration, is a serum 
bioregulator included in it.

cOncluSiOn
In the negative control, the picture of recovery of 

dense bone tissue of the rabbit’s mandible is not pro-
nounced, the restored tissue is mainly coarse-fibrous. 
In the control group with albumin sponge, one can see 
incomplete decomposition of this sponge and only the 
beginning of osseointegrative processes. Results ob-
tained indicate active restoration of bone tissue in the 
extensive defect area when using a 3D carrier based on 
bovine serum albumin (albumin sponge) with inclusion 
of a bioregulator isolated from blood serum. We can 
see the processes of osteointegrative and osteoinductive 
activity, almost complete albumin sponge decomposition 
in the defect area, with the formation of islands of dense 
bone tissue with small foci of rough fibrous tissue in the 
defect site, which indicates good dynamics of restorative 
processes at the given stage of the defect healing. This 
may suggest that under the influence of serum bioregu-

lator in the albumin sponge, the repair process leads to 
restoration of normal bone tissue without formation of 
bone callus and altered bone tissue different from the 
native one.
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deTermininG The OPTimal PancreaTic decellulariZaTiOn 
PrOTOcOl, TakinG inTO accOunT TiSSue mOrPhOlOGical 
feaTureS
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Introduction. Developing a tissue-engineered pancreatic construct (TEPC) involves a search for matrices/scaf-
folds capable of mimicking the structure and composition of the natural extracellular matrix (ECM), which is an 
important component of the tissue microenvironment. A cell-free, tissue-specific matrix obtained from pancreas 
decellularization seems to be the most suitable for creation of a TEPC. The choice of pancreatic tissue decellula-
rization protocol should take into account the morphological characteristics of the original pancreas. Preservation 
of the architectonics and composition of the native tissue in the decellularized pancreas matrix (DPM), and the 
presence of native ECM components allow for creation of conditions for prolonged vital activity of functionally 
active islet (insulin-producing) cells when creating TEPC. Objective: to determine the optimal parameters for 
decellularization of deceased donor pancreas with fibrosis, lipomatosis, and without pronounced signs of fibrosis 
and lipomatosis. Materials and methods. We used the caudal part of the pancreas obtained after multiorgan pro-
curement from deceased donors, which was unsuitable for transplantation. Tissue-specific matrix was obtained by 
a combination of physical and chemical methods of pancreatic decellularization. A freeze-thaw cycle protocol and 
two protocols using osmotic shock were used. Samples of initial pancreatic tissue and decellularized fragments 
were subjected to histological analysis. Results. It was shown that a physico-chemical method with freeze-thaw 
cycles is suitable for effective pancreatic decellularization in severe lipomatosis; a physico-chemical method using 
osmotic shock, but different protocol variants, is suitable for pancreas with diffuse fibrosis and for pancreas without 
pronounced signs of fibrosis and lipomatosis. Conclusion. For complete human pancreatic decellularization, the 
protocol should be correlated with histological features of the original tissue.
Keywords:  pancreas,  lipomatosis,  fibrosis,  decellularization,  tissue-specific  scaffold.
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inTrOducTiOn
Developing tissue-engineered constructs of tissues 

and organs, including the pancreas, includes the search 
for matrices (scaffolds, frameworks) capable of mimick-
ing the structure and composition of the natural extracel-
lular matrix (ECM). ECM secreted by cells is a network 
of macromolecules, including polysaccharide glycos-
aminoglycans (GAG) and proteins (collagens, laminins, 
fibronectin), and is an important component of the tissue 
microenvironment [1]. ECM performs many functions in 
the tissue, such as provision of structural integrity, me-
chanical properties and tissue organization, cell-matrix 
and signaling interactions such as cell attachment sites, 
regulation of cell adhesion, proliferation, migration, dif-
ferentiation and death [2]. A tissue-specific matrix, in 
which the features of the native tissue architectonics and 
composition are preserved, seems to be the most suitable 
for TEPC creation [3–5].

One of the promising methods for obtaining tissue-
specific matrices is decellularization of tissues and 
organs. An efficient decellularization process ensures 
removal of cellular material, including DNA, and cell 
surface antigens from the native tissue, while keeping 
as much as possible the structural, biochemical and bio-
mechanical properties of the native ECM using different 
tissue processing techniques [1].

Most protocols describe the combined and sequential 
application of various physical, chemical and enzymatic 
methods to achieve effective decellularization. Decel-
lularization of a large tissue fragment is quite a long 
process due to the need for penetration of all reagents 
into the target cells [4, 6]. In this case, physical expo-
sure can disrupt the matrix structure, while chemical 
and enzymatic methods can cause reactions that will 
damage ECM components and even change ECM chemi-
cal composition [1]. Decellularization protocols must 
also take into account the characteristics of the original  
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tissue, such as density and thickness, and the presence of 
lipids. Identical tissue may have different characteristics 
of structure and composition depending on the charac-
teristics of the donor. For these reasons, optimization of 
the decellularization protocol is of paramount importance 
on a case-by-case basis.

Among the physical methods of decellularization, 
freeze-thaw cycles, osmotic shock method, mechanical 
agitation, perfusion, ultrasound and others are wide-
spread. When tissue is frozen, intracellular ice crystals 
are formed, resulting in destruction of cell membranes 
and cell lysis. However, ECM protein structures can 
also be destroyed, so it is necessary to monitor the rate 
of temperature change in order to control the size of ice 
crystals formed [7]. Hypotonic and hypertonic solutions 
(osmotic shock method) [1] promote cell lysis but do 
not remove cell fragments from the matrix. Moreover, 
removal of DNA residues is of paramount importance in 
all decellularization protocols because of the tendency 
of nuclear material to attach to ECM proteins. Removal 
of cellular detritus is facilitated by a mechanical stirring 
process carried out with a magnetic stirrer, an orbital 
shaker, or a roller system [5, 8].

Physical methods alone are not sufficient for com-
plete tissue decellularization. However, they are effective 
when combined with chemical and enzymatic processes. 
Surfactants are used as the chemicals (detergents) for 
dissolution of cell membranes and detritus dissociation 
in the decellularization process. Triton X100 detergent, 
targeting lipid-lipid and lipid-protein interactions, is 
often used to treat tissues with high protein content in 
ECM, while it is used with caution to treat tissues with 
high GAG content [9]. Sodium dodecyl sulfate (SDS) 
is used to effectively remove nuclear and cytoplasmic 
fragments. SDS dissolves both cellular and nuclear mem-
branes but tends to denature proteins and can alter the 
natural structure of matrix [1]. For this reason, short-
term SDS treatment is the most common – in order to 
minimize possible damage to proteins and to the overall 
matrix structure.

When creating TEPCs, the presence of native ECM 
components in the decellularized pancreatic matrix 
(DPM) allows creating conditions for prolonged life 
activity of functionally active islet (insulin-producing) 
cells [3–6, 10]. Maximum complete removal of cellular 
material from DPM minimizes immune response during 
further TEPC implantation [6]. Pancreatic islets cultured 
in the presence of DPM have been shown to increase 
insulin secretion compared to isolated islets in mono-
culture [11].

The aim of our study was to determine the optimal 
parameters for decellularization of deceased donor pan-
creas with fibrosis, lipomatosis and without pronounced 
signs of fibrosis and lipomatosis.

maTerialS and meThOdS
Baseline

A significant number of deceased donor pancreas 
cannot be used for transplantation because organ trans-
plantation requires strict pancreas selection criteria [12]. 
As a result of strict requirements for the quality of donor 
pancreas [13], many organs are rejected on the basis of 
medical history, fibrosis, lipomatosis, anthropometric 
characteristics and other parameters, even if the pan-
creas is healthy and functioning. Such organs can be 
reprocessed (including undergoing a decellularization 
process) for creation of biomaterials and can be used for 
tissue engineering rather than disposed of.

For the study, we used the caudal portion of the pan-
creas obtained as a result of multiorgan harvesting from 
deceased donors (n = 10, age of donors 34–63 years) 
and unsuitable for transplantation. Pancreatic tissue was 
stored at –80 °C until decellularization.

decellularization of pancreatic fragments 
using freeze-thaw cycles

We have previously proposed a protocol for decel-
lularization of donor pancreatic fragments with lipoma-
tosis, which allows to obtain a tissue-specific matrix/
scaffold free of cells and cell fragments, with low DNA 
content and preserved morphofunctional properties of 
the pancreatic ECM [14]. Pancreatic tissue was subjected 
to three freeze-thaw cycles to –80 °C and thawing to 
+37 °C followed by mechanical grinding (2 × 1 × 1 mm) 
and processing at room temperature under constant stir-
ring in a CellRoll rotary system (INTEGRA Biosciences 
AG, Switzerland), with the buffer solution (pH = 7.4) 
containing 0.1% SDS solutions changed three times and 
increasing Triton X100 concentration (1, 2, and 3%, re-
spectively) (Sigma, USA). Decellularized pancreatic 
fragments were then thoroughly washed of surface-active 
agent residues for 72 hours in phosphate-buffered saline 
with addition of an antibiotic/antimycotic.

In our work, we used this protocol for decellulariza-
tion of pancreatic tissue that had no signs of fibrosis and 
lipomatosis.

decellularization of pancreatic fragments 
using osmotic shock  
(two protocol variants)

Focusing on known methods of decellularization of 
different parenchymatous organs [1, 3–6, 15], we used 
physicochemical method with osmotic shock (exposure 
to ionic strength) in two versions for pancreas with fi-
brosis and for pancreas without fibrosis and lipomatosis 
symptoms.

Mechanically crushed pancreatic tissue (to a size of 
no more than 2 × 1 × 1 mm) was treated with detergents 
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Fig. 1. Histological picture of deceased donor pancreas: a, d, g, H&E staining; b, e, h, Masson’s trichrome staining; c, f, i, 
DAPI staining. Red arrows indicate lipomatosis features, yellow arrows indicate fibrous cords
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at room temperature under continuous stirring in a Cell-
Roll rotary system (INTEGRA Biosciences AG, Swit-
zerland). In the first variant, 0.1% SDS solution and low 
and high ionic strength phosphate-buffered saline were 
used (variant I), and in variant II, 0.1% SDS solution and 
high and low ionic strength phosphate-buffered saline 
were used (variant II). Both variants were followed by 
thorough washing off of residual detergents from decel-
lularized pancreatic tissue fragments – matrix (DPM) in 
three changes of the phosphate-buffered saline contain-
ing antibiotic and antimycotic.

histological examination
Samples of the original pancreatic tissue and decellu-

larized fragments were subjected to histological analysis. 
The material was fixed in 10% buffered formalin, dehy-
drated in ascending alcohols, incubated in a mixture of 
chloroform and ethanol, chloroform, and embedded in 
paraffin. Sections, 4–5 μm thick, were obtained using an 
RM2245 microtome (Leica, Germany) and further sub-
jected to hematoxylin and eosin staining and Masson’s 
trichrome stain; cell nuclei were visualized by DAPI 

staining (Sigma, USA). Obtained histological prepara-
tions were analyzed using a Nikon Eclipse 50i micro-
scope (Nikon, Japan) equipped with a digital camera.

reSearch reSulTS
histological analysis of the original  
pancreas

The morphological study of the original material 
revealed three types of pancreatic tissue samples: a 
pancreas with pronounced signs of lipomatosis (Fig. 1, 
a–c), a pancreas with diffuse fibrosis (Fig. 1, d–f) and 
a pancreas without pronounced morphological signs of 
pathology (Fig. 1, g–i). In spite of the identified differ-
ences, all samples showed preserved islets, which, as a 
rule, had a round (less often, elongated) shape and com-
pact, sometimes lobular, structure. The compact structure 
was characteristic of smaller islets, while lobularity was 
determined in some larger islets. Specific DAPI staining 
confirmed the presence of cell nuclei both in the islet and 
in the surrounding acinar tissue.
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Fig. 2. Histological picture of pancreas, decellularized using freeze-thaw cycles: a, c, e, Masson’s trichrome staining; b, d, f, 
DAPI staining
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histological analysis of pancreas 
decellularized using freeze-thaw cycles

In samples of pancreatic fragments with lipomatosis 
after three consecutive freeze-thaw cycles and treatment 
with detergents, we observed a complete absence of pre-
served cells, complete absence of individual cell nuclei, 
and complete absence of small fragments of cellular 
detritus in the obtained connective tissue scaffold (Fig. 2, 
b). The morphological picture showed that a purified 
thin-fibrous matrix was obtained (Fig. 2, a).

After full protocol decellularization of a pancreas 
with diffuse fibrosis, the histological picture, in gen-
eral, was different from that obtained when treating a 
pancreas with lipomatosis. Along with separate, well-
purified openwork thin-fiber fragments, the samples 
showed dense areas (Fig. 2, c) in which a significant 
number of cells and nuclei were preserved, detected by 
DAPI staining (Fig. 2, d). This led to the conclusion 
that the tissue was incompletely decellularized, while a 
similar treatment of pancreas with lipomatosis allowed 
to obtain a completely purified matrix.

After decellularization of pancreatic tissue without 
pronounced signs of fibrosis and lipomatosis, we ob-
served, in the obtained samples, preserved thin collagen 
fibers in the stroma and absence of preserved cells and 
cell nuclei (Fig. 2, e). However, numerous small grains 
of cellular detritus were detected in the thickness of the 
sample (Fig. 2, f), indicating that the decellularization 
procedure was ineffective.

Thus, the studies showed that the proposed protocol is 
suitable only for pancreas with lipomatosis, which seems 
to be related to the morphological features of the tissue.

histological analysis of pancreas 
decellularized using osmotic shock  
(i and ii versions of the protocol)

To determine optimal conditions of effective decel-
lularization of pancreatic tissue with diffuse fibrosis and 
without marked signs of fibrosis and lipomatosis, we 
tested a physico-chemical pancreas decellularization 
method using osmotic shock – variant I of the protocol.

Decellularization of fibrotic pancreatic tissue by os-
motic shock method (variant I of the protocol) resulted 
in samples in which the main part looked dense, non-
porous due to the collapsed framework. At the same time, 
the preparations stained by Masson’s method showed 
rough, densely packed collagenous strands (Fig. 3, а). 
The presence of cellular detritus (mainly in the periph-
eral zone), including nuclear material, was confirmed 
by DAPI staining (Fig. 3, b). Based on these results, we 
can conclude that the proposed decellularization protocol 
does not allow to obtain a purified, porous connective 
tissue scaffold and cannot be further recommended for 
decellularization of a pancreas with diffuse fibrosis.

Samples of decellularized matrix from the pancreas 
without evident signs of fibrosis and lipomatosis, ob-
tained by the osmotic shock method (variant I of the pro-
tocol) demonstrated complete absence of preserved cells 
and cell nuclei (confirmed by DAPI staining) (Fig. 3, d) 
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Fig. 3. Histological picture of the pancreas, decellularized using osmotic shock (protocol option I): а, c, Masson’s trichrome 
staining; b, d, DAPI staining
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and a well-defined fine-cell thin-fiber structure tissue 
scaffold with blue collagen fibers (Fig. 3, c). Thus, the 
proposed protocol was effective in obtaining a matrix 
as a result of decellularization of pancreas without pro-
nounced signs of fibrosis and lipomatosis.

Decellularization of a pancreas with diffuse fibrosis 
using the osmotic shock method according to variant II 
of the protocol was successful. In contrast to the samples 
obtained using variant I, the obtained matrix was char-
acterized by a porous, fine-cell, thin-fiber structure with 
preserved collagen fibers (Fig. 4, a). At the same time, 
preserved cells, cell nuclei, and fragments of cellular 
detritus were not visualized in the samples when stained 
with DAPI (Fig. 4, b). The use of this protocol for decel-
lularization of a pancreas with diffuse fibrosis allows to 
obtain tissue-specific matrix/framework free of cells and 
cellular fragments.

Thus, histological analysis of deceased donor pancre-
as revealed morphological features of the samples associ-
ated with the presence of signs of lipomatosis and diffuse 
fibrosis, which requires the use of different processing 

regimens for effective decellularization. The study of 
physical and mechanical properties of pancreatic tissue, 
such as density, stiffness, elasticity, is also an important 
aspect of decellularization protocol optimization [5].  
It can be assumed that physico-mechanical properties 
will correlate to a certain extent with histological fea-
tures of pancreas. Confirmation of this hypothesis needs 
further investigation.

We have not found any information in the published 
domestic and foreign scientific literature on the influence 
of human pancreas morphological features on the choice 
of decellularization protocol.

cOncluSiOn
On the basis of the obtained data, we can state that in 

order to perform full decellularization of human pancre-
atic fragments, the treatment protocol should correlate 
with the histological features of the original tissue. It has 
been shown that physico-chemical method with freeze-
thaw cycles is suitable for effective decellularization; for 
a pancreas with severe lipomatosis and for a pancreas 
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Fig. 4. Histological picture of the pancreas with diffuse fibro-
sis, decellularized using osmotic shock (protocol option II): 
a, Masson’s trichrome staining; b, DAPI staining
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PrOGrammed cell deaTh and liver diSeaSeS
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Cell death represents the most critical pathologic entity in liver disease, which dictates pathologic consequences 
such as inflammation, fibrosis, and cell transformation. We analyzed the conclusions of studies on the involvement 
of different types of programmed cell death (PCD) in the pathogenesis of liver diseases. Three main forms of PCD 
(autophagy, apoptosis, necrosis) and five additional, still insufficiently studied PCD – necroptosis, ferroptosis, 
pyroptosis, partanatosis and entosis – observed in the liver in various acute and chronic diseases are considered. 
The involvement of several PCD at once in the development of any one pathology and one type of PCD in diffe-
rent pathologies was established. This indicates the existence of cross-regulation of metabolism in the liver cells 
with different levels of damage in the formation of the main dominant type of PCD. Available results indicate 
the possibility of attenuation (correction) of functional and morphological manifestations of PCD in the organ by 
controlled blocking of effector-mediated PCD pathways, as well as targeted induction of autophagy, anti-apoptotic 
and anti-necrotic mechanisms in liver cells.
Keywords:  programmed  cell  death,  autophagy,  apoptosis,  necrosis,  liver  diseases.
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The study of molecular mechanisms of diseases in 
order to improve their treatment has become the main 
focus of modern medical science. Development of ideas 
about active participation in adaptation, morphogenesis 
and cellular homeostasis of the evolutionarily developed 
mechanism of regulation of cell activity – programmed 
cell death (PCD) – has contributed to the expanded study 
of the role of PCD in pathological processes in the body 
[1–4]. This review assesses the role of different forms 
of PCD in the pathogenesis of acute and chronic liver 
diseases, as well as substantiates possible ways to cor-
rect them.

1. differenT fOrmS Of Pcd acTivaTed 
in liver diSeaSeS

Cell death represents the most critical pathologic 
entity in liver disease, which dictates pathologic conse-
quences such as inflammation, fibrosis, and cell transfor-
mation [5]. Most of the described cell death mechanisms, 
except for direct physical or chemical destruction, are 
mediated by evolutionary mechanisms and therefore be-
long to a type of programmed cell death. Depending on 
the nature of the damaging effect and the mechanisms 
of death initiation, there are 3 main, most studied PCD 
types (autophagy, apoptosis, necrosis) and 5 types of ad-
ditional, still insufficiently studied PCD (necroptosis, py-
roptosis, ferroptosis, partanatosis, entosis) (see Table 1).

These different types of PCD can manifest and co-
exist simultaneously in hepatocytes, cholangiocytes or 
nonparenchymal liver cells. The degree of expression 
and involvement of each form of PCD depends on the 

etiology and stage of the pathological process, and on the 
degree of cross-effects of other types of PCD on them.  
It is also important to note that among all the listed forms 
of PCD, autophagy and apoptosis occupy a special place 
because in the early stages of their development, the cell 
death process can be stopped or even prevented. This 
means that autophagy and apoptosis can serve as mecha-
nisms for therapeutic regulatory (regenerative) effects.

1.1. autophagy and autophagic cell death
Autophagy is the process of lifelong intracellular 

degradation and utilization of altered cytoplasmic con-
tents through formation of autophagosomes. Autophagy 
plays a key role in the processes of cell adaptation and 
survival [7], as it provides short-term maintenance of 
cellular and energy homeostasis [8–10] due to the re-
lease of nutrient and energy-intensive substances into 
the cytoplasm and subsequent utilization. That is why 
some authors [11] consider autophagy as a way of “pre-
dominantly programmed survival” of cells due to the 
fact that when activated, autophagy provides protective 
rather than cytotoxic effects [12]. As a result of stress, 
altered proteins of the cytoplasm, damaged mitochon-
dria, endoplasmic reticulum and peroxisomes translo-
cate to organelle membranes, where they form a protein 
complex involved in formation of an autophagosome 
with a double membrane. Autophagosome formation 
(D = 0.3–1.0 μm) occurs with the participation of Vps 
34, Beclin-1, Atg4 – Atg12/Atg16L1 proteins, etc. Sub-
sequent formation of an autophagolysosome occurs 
through fusion of the autophagosome with lysosomes 
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Table 1
Characteristics of various types of PCD [4–6]

Forms of PCD in liver Mechanism of action Effectors (markers) Cell morphology Liver diseases

1. Autophagy

Sequential formation in 
cytoplasm of phagophore, 
autophagosome, autopha-
gosome lysosome

LC3-P, ULK1, 
Atg12, Atg4, 
GABA-RAP

Vacuolization of cell 
cytoplasm, formation 
of autophagosomes and 
autophagolysosomes

Toxic effects, viral 
hepatitis, alcoholic liver 
disease

2. Apoptosis (degra-
dation of dying cells 
by phagocytosis with-
out inflammation)

Caspase-dependent 
(receptor-mediated) and 
mitochondrial-dependent 
pathways

PS of outer 
membrane, 
FAS/ TNFR1, 
CASPs-3,7,8,9,10
BAX/BAK APAF1

Cell compaction, chro-
matin condensation, 
nuclear fragmentation, 
formation of apoptotic 
bodies

Cholestatic, autoim-
mune, diseases, viral 
hepatitis, alcoholic 
disease, non-alcoholic 
steatohepatitis, hepato-
carcinoma

3. Necrosis mediated 
by increased mito-
chondrial permeabil-
ity transition – mPT-
driven necrosis – (cell 
destruction and 
inflammation)

ROS and RNS genera-
tion, cytosolic Ca accu-
mulation in mitochondria 
(Mx).

CypD,
BAX/BAK

Wrinkling and disorga-
nization of cytoplasm 
and Mx structure, 
nuclear thickening 
and fragmentation, 
cytoplasmic membrane 
rupture, cell lysis

Ischemia-reperfusion 
injury, nonalcoholic 
fatty disease, alcoholic 
disease

4. Necroptosis (necro-
toxic cell destruction)

Activation of FAS/
TNFR1, TLRs-3/4, 
ZBP1;
CASP-8 inhibition, 
necrosome formation

RIPK1, RIPK3
MLKL

Cell lysis due to 
increased plasma mem-
brane permeability

Drug toxicity, non-
alcoholic steatohepatitis, 
alcoholic disease, auto-
immune diseases

5. Ferroptosis (de-
velops when the cell 
lacks glutathione)

Fe-catalyzed formation of 
ROS, lipid peroxidation 
(PL)

GPX4

Necrotic morphology, 
mitochondria destruc-
tured, loss of cristae, 
outer membrane 
ruptures

Drug toxicity, autoim-
mune hepatitis, alcoholic 
disease, non-alcoholic 
steatohepatitis

6. Pyroptosis (com-
bines signs of apop-
tosis, necrosis and 
inflammation)

Removal of grand-tricel-
lular pathogens (LPS and/
or bacteria) by inflamma-
some formation

NLRP1,-3;
CASP-1,
CASPs-4,-5,-11; 
GSDMD

Cell lysis due to forma-
tion of pores in the 
outer membrane;

Drug toxicity, cholesta-
sis, autoimmune and 
viral hepatitis, non-
alcoholic steatohepatitis, 
alcoholic disease

7. Partanatosis
Alkylating DNA damage, 
exposure to ROS, RNS, 
hypoxia

PARP-1 DNA fragmentation, 
nuclear condensation

Toxic drugs, hepatocar-
cinoma

8. Entosis
Disappearance of integrin 
signaling from matrix; 
cancer cell competition

Myosin/ Rho A/ 
ROCK

Invasion, engulfment 
of some cells by others 
(cell cannibalism)

Hepatocarcinoma, fibro-
sis progression

Note. APAF1, apoptotic protease activating factor 1; ROS, reactive oxygen species; RNS, reactive nitrogen species; LP, 
lipid peroxidation; BAK, Bcl-2 homologous antagonist killer; ВАХ, Bcl-2-associated X protein; CASPs, cysteine-dependent 
aspartate-directed proteases; CypD, Cyclophilin D; Fas TNF, ligand TNF cell death receptor encoded by the FAS gene; 
TNFR1, tumor necrosis factor receptor 1; GABA-RAP, Gamma-aminobutyric acid receptor-associated protein, encoded by 
the GABARAP gene, which takes part in autophagosome formation; GPX4, Glutathione peroxidase 4; GSH, Glutathione; 
GSDMD, Gasdermin D; LC3, soluble microtubular-associated protein 1A/1B – light chain-3, which is conjugated in the 
autophagosome with phosphatidylethanolamine to form LC3-II, an autophagy marker; MLKL, mixed lineage kinase domain 
like pseudokinase; mPT-driven necrosis, necrosis caused by increased mitochondrial (Mt) membrane permeability; NLRP1,-
3, NOD-like receptor (NLR) family, pyrin domain-containing proteins; PS, phosphatidylserine (marker of apoptosis); PARP-
1, Poly (ADP-ribose) polymerase 1; RIPK1,-3, receptor-interacting serine/threonine-protein kinase 1 and 3; Rho A/ROCK, 
Rho-associated protein kinase (ROCK); TLRs 3/4, toll-like receptors 3/4; TNFR1, tumor necrosis factor receptor 1; ULK1, 
Unc-51 like autophagy activating kinase; ZBP1, Z-DNA-binding protein.

[13]. Degradation (hydrolysis) of altered proteins and 
release of nutrient and energy-intensive substances that 
can support the life-support of these cells into the cyto-
plasm takes place in the autophagolysosome [10, 11, 13]. 
With excessive degradation of altered proteins in cells, 
autophagic death can be prevented only by inhibiting 
autophagy [14].

Autophagy plays an important role in protecting the 
liver from toxic factors, particularly in alcoholic liver 
disease [15–17] and toxic effects of pharmaceuticals [18, 
19]. The function of autophagy under these influences 
is to attenuate oxidative stress, to inhibit the excessive 
accumulation of altered proteins and damaged organelles 
in cells [20, 21]. Inhibition of autophagy by removal of 
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proteins involved in the formation of autophagosomes 
(Atg5 knockout gene) leads to liver cell death, inflam-
mation and fibrosis in a mice alcohol stress model [22]. 
At the same time, activation of autophagy by removal of 
lipid peroxidation products, lipid droplets and aggregates 
of altered protein – adenosine monophosphate-activated 
protein kinase (AMPK or AMP-activated protein ki-
nase) – promotes protection of mitochondria against 
apoptosis when modeling alcoholic disease [16, 23].

It was found that ethanol induces autophagy through 
oxidative stress mechanisms, which are associated with 
AMPK activation and suppression of the mammalian 
target of rapamycin complex 1 (mTORC-1) pathway 
[17, 21]. Indeed, autophagy activation by rapamycin, an 
inhibitor of mTORC-1, reduced ethanol-induced liver 
damage, whereas inhibition of autophagy by chloroquine 
exacerbated the damage [17]. A single alcohol intake ac-
tivates autophagy; with chronic intake and in high doses, 
alcohol can suppress autophagy [17, 21] and exacerbate 
liver damage through toxic effects.

Liver cell death during toxic exposure to acetamin-
ophen (paracetamol) – (APAP) – does not occur as a 
result of their autophagic death. Studies in mice have 
shown that activation of autophagy actually protects 
liver cells from APAP-induced death, whereas inhibi-
tion of autophagy aggravates APAP toxicity [24–27]. 
Mitochondrial dysfunction, mitochondrial protein break-
down products, accumulation of reactive oxygen species 
(ROS) and adenosine triphosphate (ATP) depletion all 
contribute to cell necrosis, but also serve as a catalyst 
for autophagy initiation upon APAP exposure [18, 24]. 
Autophagy initiation limits ROS generation by damaged 
mitochondria, and the autophagosomes that form create 
a barrier to the expansion of necrosis. Consequently, the 
resulting changes contribute to activation of mitochon-
drial biogenesis and liver regeneration [18, 19].

1.2. apoptosis
Apoptosis, like autophagy, is an active player in mor-

phogenesis and regulation of cell count in the body; it 
supports cell homeostasis and stimulates physiologi-
cal cell regeneration [28]. Meanwhile, apoptosis is also 
triggered under various pathological conditions, which 
leads to death of cells that are undesirable for the body 
[29]. Cell death and its removal in apoptosis is carried 
out by phagocytosis without inflammation. Produced 
apoptotic cells are utilized by neighboring parenchymal 
and nonparenchymal cells, fibroblasts, macrophages and 
dendritic cells [30, 31]. Mediators released by apoptotic 
cells selectively inhibit neutrophil migration [31, 32]. At 
the same time, there is increased chemotaxis of macro-
phages, which, using their numerous receptors, detect 
the appearance of expression of phosphatidylserine (PS) 
and other oxidized lipids on the surface of apoptotic 

cells, which are markers of early apoptosis, and quickly 
remove them.

Apoptosis includes 3 phases: signaling (induc-
tion phase), effector (realization phase) and degrada-
tion (destruction phase). The signaling phase can be 
accomplished via two pathways: extrinsic (involving 
cell death receptors – caspase-dependent pathway) and 
intrinsic (involving mitochondria) [5, 28]. Both path-
ways eventually lead to activation of initiating caspases 
(CASPs-8,-9,-10,-12) and subsequent activation of ef-
fector caspases (CASPs 3,6,7,14), which results in pro-
teolysis, nuclear fragmentation and apoptotic cell death 
by phagocytosis [28].

In the extrinsic caspase-dependent pathway, the apop-
tosis signal is triggered by extracellular microenviron-
ment factors: hypoxia, ischemia/reperfusion, exposure to 
physical and chemical agents, disturbances in cell cycle 
signaling, etc. These factors stimulate transmembrane 
cell receptors of two types: type 1 – Tumor necrosis 
factor (TNF)-family death receptors (TNF receptors or 
DRs), such as, FAS (CD 95, APO-1), TNFR-1 (p55, CD 
120A) and others; type 2 – pattern recognition receptors 
(PRR) [12], which include toll-like receptors (TLRs). 
TLRs are part of a multiprotein complex containing 
Receptor-interacting protein kinase 1 (RIPK1), cellular 
inhibitor of apoptosis proteins 1 and 2 (cIAP-1 and cIAP-
2) and several other proteins [5], which can participate 
in cell death prevention.

The apoptosis triggering process occurs through in-
teraction of a specific TNF-family death receptor with 
its adaptor, which further interacts with effectors, pro-
caspases, inactive precursors that initiate caspases [28]. 
As a result of the interaction of ligand, receptor, adap-
tor and procaspases, apoptosomes are formed in which 
cell death processes are initiated due to autolytic acti-
vation of caspases [33]. First, the initiating caspases, 
CASPs-2,-8,-9,-10,-12, are activated in apoptosomes, 
which further participate in activation of effector cas-
pases, CASPs-3,-7, etc. [5, 34], which leads to prote-
olysis, nuclear fragmentation, and apoptotic cell death.

The intrinsic or mitochondrial apoptosis signaling 
pathway is initiated by stressor or cytotoxic DNA dam-
age that activates nuclear protein p53. Induction of p53 
increases the activity of the Bcl-2 family regulatory pro-
teins: Bcl-2, BID (BH3 – interacting-domain death ago-
nist BH3) and tBID (BID – after the post-transcriptional 
modification). These activated proteins, moving into mi-
tochondria, interact with the mitochondrial pool of pro-
apoptotic proteins of the Bcl-2 family: with the Bcl-2 as-
sociated X apoptosis regulator BAX (BAX) and/or BAK, 
Bcl-2 homologous antagonist killer (BAK) [12]. Such 
interaction leads to conformational changes in mitochon-
drial proteins, pore formation in the outer mitochon-
drial membrane and release of mitochondrial apoptotic 
components – cytochrome C, procaspases-2,-3,-9 and 
apoptotic protease activating factor 1 (APAF1), which 
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are involved in apoptosome formation [35]. Further, as 
in the extrinsic apoptosis pathway, procaspase-9 is initi-
ated in the apoptosome, which interacts with the effector 
procaspase-3, activates it to caspase-3, and triggers the 
caspase cascade of the effector phase of apoptosis.

Apoptosis, being a regulated process, can be cancelled 
in the inducer phase (reversible apoptosis phase). The 
ability to cancel apoptosis is regulated by multidomain 
protein RIPK1, which is part of the multiprotein type 2 
transmembrane receptor complex (see above). RIPK1 
has a direct effect on the outcome of type 1 TNF-death 
receptor activation and causes the affected cell to survive 
or die, depending on its posttranslational modifications 
[36, 37]. It is known that E3-ubiquitin (a protein involved 
in regulation of the functioning and degradation of intra-
cellular proteins), when interacting with cIAP, catalyzes 
RIPK1 polyubiquitination and promotes activation of 
nuclear factor kappa B (NF-kB). This interaction leads 
to gene transformation, ensuring survival and prevention 
of cell death (cancellation of the irreversible apoptosis 
phase) [38, 39].

Cellular structures are destroyed (cytoskeleton de-
struction, cleavage of adhesive proteins, hydrolysis of the 
nuclear membrane) in the effector phase of apoptosis. In 
the degradation phase of apoptosis, deep morphological 
and biochemical changes occur, leading to formation 
of apoptotic cells, 0.2 μm in diameter, which leave the 
apoptosis zone, appear in blood and are subsequently 
phagocytosed [40]. In the degradation phase, apoptosis 
acquires secondary necrosis features, in which the release 
of damage-associated molecular patterns (DAMPs), in-
cluding nucleosomes, from cells, occurs. Nucleosomes 
contain fragments of genomic DNA, nuclear protein 
HMGB-1, heat shock proteins HSP and other autoanti-
gens that induce an antigen-specific immune response 
[32, 41].

Both intrinsic and extrinsic pathways of apoptosis 
are usually involved in cholestatic and autoimmune liv-
er damage, alcoholic and non-alcoholic steatohepatitis, 
mild hepatotoxic liver injury and viral hepatitis [42–44].

It has been shown in animal models and in vitro ex-
periments that ethanol causes metabolic, toxic and in-
flammatory damage to liver cells. Cell damage leads to 
dysfunction of mitochondria and other organelles, ROS 
formation, BAX (proapoptotic Bcl-2 protein) transloca-
tion into mitochondria, cytochrome C release, caspase 
activation [45–47] and apoptotic cell death [42]. It is 
known that acute and chronic alcohol exposure increases 
intestinal permeability to bacterial products such as li-
popolysaccharides (LPS) and this leads to inflammation, 
Kupffer cells stimulation, increased TNF production by 

them [48] and TNF expression of apoptosis receptors 
FAS and TNFR1 [49].

In vitro and in vivo studies using pan-caspase inhibi-
tor showed a significant attenuation of alcohol-induced 
hepatocyte apoptosis without transition to necroptosis 
(i.e. without induction of RIPK1 and RIPK3 markers) 
[50, 51]. Despite the lack of influence of pan-caspase 
inhibitor on inflammatory markers, less pronounced liver 
fibrosis was observed when the damage was modeled 
with combined use of alcohol and CCl4 [52].

In non-alcoholic steatohepatitis, the pathological 
process in the liver proceeds against the background of 
detection of caspase-3,-7 and an increased number of 
TUNEL*-positive cells in liver biopsy specimens, which 
proves the inflammatory nature of apoptosis. Such results 
were obtained in a study of CASP3 and CASP-8 knock-
out mice that were fed a diet deficient in methionine and 
choline. These mice were protected against apoptosis, 
had decreased activity of proinflammatory cytokines, and 
reduced expression of morphological signs of inflam-
mation and liver fibrosis [53–55]. Meanwhile, mice fed 
a high-fat diet demonstrated increased ROS levels and 
signs of apoptosis – increased caspase-3 and caspase-8 
activity – as well as increased content of TUNEL*-
positive cells in liver biopsy specimens [56]. The im-
portance of apoptosis in non-alcoholic steatohepatitis 
is also supported by other studies. Thus, it was shown 
[57] that along with caspase-3 and -7 in nonalcoholic 
steatohepatitis, caspase-6 is activated, which begins to 
play an important role in the progression of this disease 
due to the disturbance of regulatory interaction of meta-
bolic sensor AMPK and apoptotic process participants. 
In a healthy liver, AMPK is known to phosphorylate 
proapoptotic caspase-6 and inhibit its activation.

Meanwhile, when non-alcoholic steatohepatitis was 
simulated in mice on a choline-deficient diet in com-
bination with a high-fat diet, AMPK activity was sup-
pressed; at the same time, simultaneous use of a cas-
pase-6 inhibitor attenuated the morphological signs of 
apoptosis and liver fibrosis and decreased the level of 
transaminases[57].

It was also shown that hepatocyte swelling in non-
alcoholic steatohepatitis [58] causes stress in cells and 
their organelles, which induces apoptosis, release of cel-
lular degradation products from damaged molecular pat-
terns (DAMPs, damage-associated molecular patterns) 
and activation of TLRs. In turn, TLRs activation turns 
the inflammation and cell death signals into a perma-
nent damaging factor. This is facilitated by interaction 
of hepatocytes with liver macrophages (Kupffer cells) 
and leukocytes (natural killers), which, by supplying 

* TUNEL (terminal deoxyribonucleotide transferase – mediated dUTP nick end labeling) is a method of recording free 3’-OH DNA ends 
in a condensed chromatin nucleus using light, laser, confocal or transmission electron microscopy. In apoptosis, DNA fragmentation leads 
to a significant increase in the number of 3’-OH DNA ends (TUNEL-positive cells) in both intrinsic and extrinsic pathways of apoptosis.
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TNF to the body, maintain inflammation in nonalcoholic 
steatohepatitis [59].

Consequently, apoptosis in nonalcoholic steatohepati-
tis and nonalcoholic fatty liver disease is the predominant 
mode of cell death. It involves both extrinsic (via cell 
surface receptors) and intrinsic pathways of apoptosis 
activation (via lipotoxicity and organelle stress).

In cholestatic liver diseases accompanied by impaired 
bile excretion and cholangiopathy, apoptotic death of 
cholangiocytes is also noted [60]. In liver biopsy speci-
mens from patients with primary biliary cholangitis, 
cholangiocyte apoptosis, in which cytoplasm thicken-
ing and nuclear condensation are observed in cells, is 
detected [61]. It is believed that apoptosis in these pa-
tients is mediated by TNF receptor FAS (CD95), since 
FAS expression in the cytoplasm of bile duct cells is 
accompanied by increased FasL expression in the sur-
rounding lymphocytes and other immune cells [61, 62]. 
FAS-mediated apoptosis of hepatocytes in cholestasis 
is accompanied by activation of hepatic stellate cells 
(HSCs) and development of fibrosis, which indicates a 
connection between apoptosis and formation of fibrosis 
in the liver [63]. FAS (apoptosis antigen 1) is not the 
only cell death receptor involved in cholangiocyte apop-
tosis. Takeda et al. [64] showed that expression of DR5 
(death receptor-5) gene was also increased in the liver 
of patients with primary biliary cholangitis and primary 
sclerosing cholangitis, and DR5 knockout mice were 
resistant to cholestatic cell death after bile duct ligation 
[64]. Cubero et al. [65] reported increased expression of 
activated proteolytic enzymes caspase-3 and -8 as well 
as RIPK3 protein in liver biopsy specimens of patients 
with primary biliary cholangitis, indicating activation of 
apoptosis and association of apoptosis with other forms 
of PCD. Using a model of bile duct ligation in CASP-3 
knockout mice, the researchers reported a decrease in 
transaminases AST and ALT, a decrease in caspase-3 
activity and RIPK1 and RIPK3 protein levels [65], i.e. 
a concomitant inhibition of necroptosis mechanisms. 
Other works [66, 67] have shown the association be-
tween decreased apoptosis and decreased caspase-3 and 
-7 -positive cells, decreased inflammation, hepatic stel-
late cell (HSC) activity, fibrosis, portal hypertension and 
improved survival with pan-caspase inhibitors. These 
data support the importance of apoptosis in cholestatic 
liver disease.

Liver cell apoptosis is also thought to play an impor-
tant role in the pathogenesis of hepatitis B and C virus 
(HCV and HBV) [68, 69]. By histological markers (cell 
cytoplasm thickening, DNA fragmentation and detec-
tion of TUNEL-positive cells), apoptosis has long been 
detected in liver biopsy specimens of patients with viral 
hepatitis [70]. Increased expression of FAS receptors in 
hepatocytes detected by increased FASL expression in 
lymphocytes in HBV and HCV suggests that apoptosis is 

the main cause of liver cell death during active hepatitis 
[70, 71].

1.3. necrosis caused by increased 
mitochondrial membrane permeability  
(mPT-driven necrosis)

Necrosis is the final state of a severe pathological 
process in cells, which is accompanied by cell swell-
ing, membrane rupture, release of DAMPs and subse-
quent development of inflammatory response. mPT-
driven necrosis described for liver is characterized by 
pore formation and increased permeability of inner and 
outer mitochondrial membranes, decreased membrane 
potential, cessation of ATP synthesis, osmotic destruc-
tion of both membranes and cell death [12, 72]. The 
exact mechanisms of mPT-driven necrosis are not yet 
known. It has been suggested that a decrease in mito-
chondrial membrane potential leads to pore enlarge-
ment due to disruption of the interaction between the 
ATP synthase of the pores and mitochondrial protein 
cyclophilin D (CypD) involved in their formation [73]. 
The involvement of mPT-driven necrosis in a number of 
liver diseases, in which oxidative stress and mitochon-
drial Ca2+ overload play an important pathogenetic role, 
has been proved [12]. For example, it has been shown 
that in APAP toxicity, APAP is converted into toxic me-
tabolite NAPQI (N-acetyl-p-benzoquinone imine) by 
direct oxidation involving cytochromes; then NAPQI 
is effectively detoxified by glutathione (GSH) to form 
APAP-GSH conjugates [74]. However, when GSH and 
cysteine reserves in cells are depleted, the toxic metabo-
lite NAPQI binds to thiol (-SH) protein groups, and the 
resulting NAPQI degradation products cause stress dam-
age to the endoplasmic reticulum and mitochondria [75]. 
Subsequent mitochondrial damage occurs as a result 
of ROS formation, nitric oxide (RNS) accumulation in 
mitochondria [76] and developing Ca2+ overload. Con-
tinued ROS generation increases mitochondrial stress, 
which leads to activation of mitogen-activated protein 
kinases (MAPK) that leads cells to mPT-driven necrosis 
[77]. mPT-driven necrosis develops as a consequence of 
mitochondrial membrane rupture, translocation of apop-
tosis-inducing factor (AIF) into the nucleus and release 
of endonuclease, followed by DNA fragmentation [78]. 
The importance of mPT-driven necrosis in the develop-
ment of APAP toxicity, nonalcoholic steatohepatitis and 
nonalcoholic fatty liver disease has been confirmed in a 
number of works [79–81].

1.4. necroptosis
Necroptosis, as a necrotoxic type of PCD, is involved 

in most chronic liver diseases, including viral hepatitis, 
autoimmune hepatitis, nonalcoholic steatohepatitis and 
alcoholic liver disease [82, 83]. Necroptosis has been 
shown to be initiated by TNF-family receptors (FAS 
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and TNFR1), pattern recognition receptors (PRRs)-, 
(TLRs) or intracellular sensor Z-DNA binding protein 
1 (ZBP1). Necroptosis is activated when caspase-8 is 
inhibited, when receptors for interacting protein kinase-1 
and -3 – (RIPK1 and RIPK3) are activated, and when 
a mixed lineage kinase domain-like protein (MLKL) is 
activated. Necroptosis is manifested by the formation of 
necrosomes, a rapid increase in cell membrane perme-
ability and release of DAMPs from cells into the extra-
cellular space [84–86]. The role of RIPK1 and RIPK3 
proteins, MLKL and other participants in necroptotic 
liver cell damage has been actively studied in recent 
years [87–90]. In a model of autoimmune hepatitis using 
concanavalin-A (ConA), it was observed that administra-
tion of NEC-1, a RIPK1 inhibitor, protects the liver from 
damage [91–93]. Mice with the MLKL knockout were 
also protected against ConA damage [90]. However, ad-
ditional studies on mice with ConA – liver damage and 
MLKL knockout – failed to reveal differences in the 
liver condition in the control and experimental groups. 
The studies could not also confirm the involvement of 
necroptosis [90, 94]. In a study of patients with HBV 
and patients with chronic viral hepatitis, increased se-
rum RIPK3 and MLKL levels in the liver were found 
when compared to controls (healthy controls) [95, 96]. 
However, the authors could not relate these results to 
necroptosis, since it is known that RIPK1 and RIPK3 
acquire functions that are independent of necroptosis 
in inflammation [5]. Besides, the results obtained may 
be a consequence of cross-influence of other PCD types 
activated under these conditions.

1.5. Pyroptosis
Cell pyroptosis has features of apoptosis and necrosis 

and is designed to remove intracellular pathogens. Pyrop-
tosis is characterized by formation of an inflammasome 
containing a complex of caspases activated in the cell 
and producers of proinflammatory cytokines – IL-1β, 
IL-18. It is classified as an inflammatory necrosis cod-
ing type, which closely interacts with innate immunity 
[97]. There are two distinct pathways through which 
pyroptosis can occur – canonical and non-canonical. The 
canonical pathway is triggered if inflammasome sen-
sors belonging to the NOD-like receptor (NLR) family, 
pyrin domain-containing proteins 1 and 3 (NLRP1 and 
NLRP3) are stimulated by PAMPs (pathogen-associat-
ed molecular patterns) pathogens and DAMPs. These 
sensors use caspase-1 to activate intracellular protein 
Gasdermin-D (GSDMD), which forms pores in the cy-
toplasmic membrane and promotes cell death [12]. When 
pyroptosis is activated via the non-canonical pathway, 
cytosolic lipopolysaccharides (LPS) and PAMPs are 
directly stimulated by caspases -4, -5 and -11. These 
caspases in turn activate GSDMD, which, by binding 

membrane phospholipids, initiates pore formation and 
leads to cell death [98–100].

Involvement of pyroptosis in liver diseases such as 
alcoholic disease [101–103], nonalcoholic steatohepatitis 
[104–107], APAP-induced toxic liver injury [108–110], 
autoimmune hepatitis [111–113], cholestatic liver dis-
eases [114–117], and viral hepatitis [118, 119], has been 
proven mainly by examining the activation of key media-
tors of pyroptosis, NLRP3 inflammasome activity, and 
GSDMD protein.

1.6. ferroptosis
Ferroptosis is a type of PCD, which depends on in-

tracellular iron content that catalyzes ROS formation 
and subsequent oxidative cell damage. Ferroptosis is 
activated upon depletion of cellular GSH, which pro-
motes activation of iron-dependent lipid peroxidation 
(LPO) of cell membranes [120, 121]. Ferroptosis devel-
ops independently of apoptosis, necrosis, autophagy, and 
pyroptosis, and has subcellular characteristics of necrosis 
that are caused by the release of DAMPs [12]. The small 
size of compressed-density mitochondria, absence of 
cristae in them, and ruptures of the outer cell membrane, 
are morphological signs of ferroptosis [122, 123]. GSH-
dependent enzyme glutathione peroxidase 4 (GPX4) is 
the main endogenous inhibitor of ferroptosis due to its 
ability to limit PL processes [124]. Inhibition of GPX4 
activity leads to accumulation of ROS and LPO, and 
therefore reduced GPX-4 activity is considered a marker 
of ferroptosis. Reducing the accumulation of ROS and 
PL products can be achieved by the use of iron chelates 
(deferroxamine) and LPO inhibitors – (ferrostatin) [125]. 
The role of ferroptosis in the pathogenesis of liver dis-
ease has been investigated in alcohol disease [126–128], 
non-alcoholic steatohepatitis [128, 129], APAP toxicity 
[128, 130–132], and autoimmune hepatitis [133, 134]. It 
has been suggested that ferroptosis plays a role in vari-
ous liver diseases and, therefore, it can coexist in cells 
along with other types of PCD (apoptosis, mPT-driven 
necrosis, necroptosis, etc.) [6].

1.7. Partanatosis
Partanatosis is a type of PCD caused by excessive cell 

response to DNA damage mediated predominantly by 
poly (ADP-ribose) polymerase 1 (PARP-1). Partanato-
sis occurs after severe and prolonged alkylating DNA 
damage, oxidative stress, hypoglycemia or inflammation 
[12]. Reactive nitrogen species (RNS), such as NO, are 
a trigger for PARP-1 activation, which causes depletion 
of nicotinamide adenine dinucleotide (NAD) and ATP in 
cells; RNS also contribute to the accumulation of poly 
(ADP-ribose) polymerase and poly (ADP-ribosylation) 
proteins, causing loss of mitochondrial membrane po-
tential. In addition, poly (ADP-ribose) polymerases bind 
AIF and promote AIF nuclear translocation, causing 
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DNA fragmentation and nuclear condensation. It has 
recently been shown that a factor that inhibits macro-
phage migration in various liver diseases can bind AIF 
and catalyze DNA breakdown [135]. These data sug-
gest that there is a cross-linkage between some necrotic 
types of PCD (mPT-driven necrosis, necroptosis) and 
parthenatosis. This is confirmed by the ability of acti-
vated RIPK1 and RIPK3 – markers of necroptosis – to 
stimulate the enzymatic activity of PARP-1, as well as 
contribute to ATP depletion and AIF release [136]. The 
role of partanatosis in liver diseases has not yet been 
studied; however, it is known that PARP-1 is involved 
in liver cell death [6].

1.8. entosis
Entosis is a type of PCD related to cell cannibalism, 

which occurs in healthy and malignant tissues, involving 
the engulfment of viable cells by non-phagocytic cells 
of the same (homotypic) or a different (heterotypic) type 
[12]. Entosis of epithelial cells usually occurs when the 
cells lose integrin signaling as a result of detachment 
from the extracellular matrix. Enthosis is accompanied 
by cell invasion which depends on the activity of E-cad-
herin, catenin alpha 1, RhoA and Rho-associated kinase 
(ROCK). Entosis occurs under conditions of cancer cell 
competition and downregulation of myosin, a component 
of cytoplasmic membranes in engulfing cells, which al-
lows penetration into these target cells [137]. Cells dis-
playing high AMRK activity due to a lack of nutrients, 
succumb to entosis, designed to restore their nutrition 
[138]. In chronic liver diseases such as chronic hepatitis 
B and autoimmune hepatitis, entrainment of activated 
T-lymphocytes by hepatocytes occurs, indicating the 
involvement of entolysis in liver damage and the devel-
opment of immune tolerance [139]. Recently, HSCs have 
been shown to be involved in the entosis of antifibrotic 

natural killer cells in HBV cirrhotic patients as a poten-
tially novel mechanism of fibrosis enhancement [140].

2. crOSS-reGulaTiOn Of differenT Pcd 
PaThwaYS

Analysis of the involvement of various forms of 
PCD in liver diseases shows that separate forms of PCD 
can participate simultaneously with others in any one 
pathology and, besides, certain forms of PCD, having 
common markers with other forms of PCD, participate 
in formation of various nosological types of diseases. 
Since different forms of PCD, having different mecha-
nisms, nevertheless cross-regulate each other, it gives 
the grounds to assume that at least some forms of PCD 
(ferroptosis, necroptosis, pyroptosis, partanatosis) are 
intermediate stages of formation of basic forms of PCD, 
such as apoptosis and mPT-driven necrosis. The best-
known mechanisms of cross-regulation of the interac-
tion between different PCD forms in liver diseases are 
presented in Table 2.

It has also been shown that CypD, an indispensable 
participant in mPT-driven necrosis, reverses the inhibi-
tory effect of cIAP on RIPK1 to promote necrosome 
formation to facilitate the necrotic cell death pathway 
[141]. Activated RIPK3 and MLKL activate NLRP3 
inflammasomes [142], and this mechanism promotes 
a direct link between cell necrosis and inflammation in 
addition to the existing mechanism of inflammasome 
activation by DAMP. Caspase-8, an effector of the ex-
trinsic pathway of apoptosis similar to caspase-1, is also 
capable of activating NLRP3 inflammasome to trigger 
pro-IL-1β to stimulate inflammatory processes [143].

Apparently, cross-regulation of PCD in the liver is 
designed to effectively ensure cell death of different phe-
notypes with different levels of damage. In addition, 
cross-regulation seems to be designed to promote the 
formation of the main form of PCD that will dominate 
in cells at the final stages of the pathological process – 

Table 2
Cross-regulation of metabolic pathways in different forms of PCD [6]*

PCD pathway Effector Mechanism of Action Regulated PCD pathway

Apoptosis
CASP8

Inactivates RIPK3 Inactivates Necroptosis
Inactivates CypD Inhibits mPT-driven necrosis
Activates NLRС4 inflammasome Induces pyroptosis

CASP3 Activates GSDM-E – regulated pyroptosis Regulates pyroptosis
CASP3/ CASP-7 Inactivates GSDMD Inactivates pyroptosis

mPT-driven necrosis CypD Reverses the inhibitory effect of cIAP on RIPK1 Regulates necroptosis

Necroptosis RIPK1 Inhibits CASP8 Inhibits CASP8-dependent 
apoptosis

Stimulates anti-apoptotic activation of NF-kB Regulates apoptosis
RIPK1/ RIPK3 Activates PARP-1 Stimulates partanatosis

* for Table 2 legend, see Table 1 legend and the list below. cIAP, cellular inhibitor of apoptosis proteins; GSDME, Gasder-
min Е; NLRC-4, NOD-like receptor family CARD domain-containing protein 4; NF-kB, Nuclear factor kappa-light-chain-
enhancer of activated B cells.
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inflammation, fibrosis, cell transformation or even cell 
recovery with induction of autophagy and regulation of 
early reversible apoptosis mechanisms. The possibility 
of reorienting PCD processes towards restorative and 
regenerative processes in damaged cells is supported by 
numerous studies on the positive role of optimally se-
lected schemes of postconditioning of ischemically dam-
aged organs used to attenuate ischemic (necrotic) and 
reperfusion (apoptotic) injury. Postconditioning limits 
cell necrosis, and the severity of the anti-necrotic effect 
depends on ischemia time and postconditioning protocol 
used [144]. Postconditioning also inhibits development 
of cell apoptosis and enhances autophagy processes in 
cells. Such restorative processes can be stimulated in the 
liver not only when optimal postconditioning schemes of 
an ischemically damaged organ are used, but also when 
adequate medication and cellular therapy for disorders 
caused by PCD are applied.

3. waYS TO reGulaTe Pcd PrOceSSeS 
in liver diSeaSeS

The analysis of mechanisms of involvement of vari-
ous forms of PCD in liver diseases allows to outline 
several ways for their inhibition.

Ability to cross-regulate PCD pathways, preserved in 
dying liver cells at various diseases, indicates the fea-
sibility of controlled correction of emerging disorders, 
first of all, primarily with the help of agents whose ac-
tion is directed on inhibition of effector mechanisms 
of PCD. Among such remedies, new drugs are known 
and are undergoing clinical trials: emricane (IDN-6556), 
a pan-caspase inhibitor for patients with nonalcoholic 
steatohepatitis with fibrosis F1–F3 or liver cirrhosis; 
Selonsertib (GS-4997), inhibitor of Apoptosis signal-reg-
ulating kinase 1 (ASK-1) for patients with nonalcoholic 
steatohepatitis and progressive liver cirrhosis; drugs: 
GSK-2982772 and GSK-2983559, RIPK1 inhibitors for 
treatment of various chronic inflammatory diseases [6], 
as well as ferrostatin [125] and Artesunate, ferroptosis 
regulator with antifibrogenic effect [145]; Montelukast, 
inhibitor of TNF-α/JNK signaling pathway [146]; DAPT, 
inhibitor of Notch signaling pathway [147], and others.

With sluggish restorative (regenerative) processes, 
as well as in the early reversible stages of apoptosis, 
when the liver cells still retain the ability to autoregulate 
and independently survive, adaptogens may be effec-
tive for the correction of liver failure and restoration of 
liver cells structure. These include autophagy inducers 
and regulators of cell apoptosis, promoting activation 
of metabolic pathways – AMPK and NF-kB and inhibi-
tion – mTORC-1-dependent metabolic pathways. It is 
also advisable to use metabolic inducers with antioxidant 
and anti-inflammatory activity [148–154] since oxida-
tive stress and inflammation are constant companions of 
almost all forms of PCD.

Besides drug therapy for chronic (non-oncological) 
liver diseases, for inhibition of PCD processes and ac-
tivation of repair processes in damaged liver cells, it is 
reasonable to develop methods of cellular regeneration 
therapy, which are based on the use of apoptotically al-
tered donor liver cells and donor bone marrow [155]. 
These cells produce numerous paracrine factors that 
act as targeted carriers of the regenerative signal com-
plex – regulators of regenerative processes. So, isolated 
cultured donor hepatocytes have already found applica-
tion in the clinic. They are used as the basic element in 
auxiliary liver support systems, in the perfusion circuit 
of which the patient’s blood (or plasma) continuously 
comes in contact with isolated donor hepatocytes culti-
vated in it and is enriched with paracrine factors released 
by apoptotic donor cells [156]. Isolated donor hepato-
cytes began to be used also as part of cell-engineered 
constructs implanted directly into the damaged patient’s 
liver. The ratio of cellular elements (hepatocytes/mes-
enchymal stem cells) in the implanted cell-engineered 
constructs was optimized to increase the efficiency of 
their use [157, 158]. Induction of repair processes in the 
damaged liver is also performed by application of total 
RNA from bone marrow cells, which is a nonspecific 
factor of regulation of repair processes and acts as a 
carrier of a complex of multiple regenerative signals to 
the damaged liver cells [159].

cOncluSiOn
Analysis of the role of programmed cell death in liver 

diseases allows us to conclude as follows:
1. Among the known forms of PCD, autophagy, apop-

tosis and mPT-driven necrosis should be considered 
the main forms; other forms of PCD (ferroptosis, 
necroptosis, pyroptosis, partanatosis, entosis) remain 
insufficiently studied and, apparently, should be con-
sidered as intermediate stages of the main forms of 
PCD (apoptosis and mPT-driven necrosis).

2. Cross-regulation of different forms of PCD in the liv-
er is intended to increase the efficiency of formation 
of cell death of different phenotypes with different 
levels of damage, as well as to ensure development 
of one of the dominant consequences of PCD such 
as inflammation, fibrosis, cellular transformation or 
reparative regeneration.

3. Preservation of cross-regulation in different forms of 
PCD in the liver indicates the possibility of controlled 
correction of the resulting disorders with the help 
of drugs and cell technologies. Among the drugs, 
the promising ones are those that inhibit effector-
mediated PCD pathways and have an adaptive ef-
fect on liver cells by induction of autophagy, early 
reversible apoptosis and enhancement of antioxidant 
and anti-inflammatory activity. Application of cell 
technologies is based on the use of apoptotic donor 
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liver and bone marrow cells that produce paracrine 
regulatory factors, which inhibit PCD and specifically 
induce reparative regeneration in liver cells.

The authors declare no conflict of interest.
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Introduction. The use of immunomodulators to regulate reparative processes in affected organs and tissues re-
mains a pressing issue. Of greatest interest is liver regeneration after extended hepatic resection (EHR) in donors 
in right lobe living related donor liver transplantation. We propose a transdermal therapeutic system (TTS) with 
an immunomodulator to enhance the natural process of liver tissue regeneration. Objective: to study the effect 
of transdermal administration of immunomodulator sodium aminodihydrophthalazinedione on early recovery 
processes in the liver after EHR in in vivo experiments. Materials and methods. Sodium aminodihydrophthala-
zinedione was used as an active substance in TTS in the form of powder for preparation of intramuscular injection 
solution (Galavit®, SELVIM LLC). An experimental EHR model was performed on 22 male Wistar rats weighing 
350–380 g. After HER, all animals were divided into two groups. Group 1 (n = 10) consisted of untreated animals. 
In group 2 (n = 12), TTS was applied immediately after liver resection. The experiment lasted for 48 hours; the 
TTS was changed once after 24 hours from the beginning of application. Results. In either group, there was no 
significant difference in the weight of liver remnant gain and in biochemical blood parameters at 48 hours after 
EHR. Assessment of the mitotic index (MI) of hepatocytes 48 hours after EHR revealed a significant increase 
in MI in both groups in comparison with the baseline (before liver resection) equal to 0.14 ± 0.07‰. The MI in 
group 1 and group 2 animals was 12.70 ± 4.9‰ and 17.43 ± 4.90‰, respectively (p ≤ 0.05). Conclusion. Studies 
on the regenerative activity of sodium aminodihydrophthalazinedione TTS on an experimental EHR model in rats 
showed that this drug form had a pronounced stimulating effect on the mitotic activity of liver cells.
Keywords:  transdermal  therapeutic  system,  sodium aminodihydrophthalazinedione,  immunomodulator, 
extended  liver  resection, mitotic  index.
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inTrOducTiOn
The immune system, whose entire elements are ac-

tively involved in restoring the structure and function of 
damaged tissue cells, play an important role in regulation 
of regenerative processes in the body. This raises the 
question about the feasibility of using immunomodula-
tors (IM) to influence reparative processes in affected 
organs and tissues [1, 2]. Of greatest interest is the prob-
lem of accelerated recovery of the liver after extended 
resection in cancer patients, as well as in donors in right 
lobe living related liver transplantation [3]. The extended 
hepatic resection (EHR) model is usually used in ex-
perimental studies. This type of surgery belongs to the 
critical injury class, because it removes 60% or more of 
the total mass of the organ, and often there are clinical 
manifestations of acute liver failure in the postoperative 
period [3].

There have been studies confirming the positive ef-
fect of a single injection of various immunomodulators 
on liver tissue repair [1, 4]. It should be noted that the 
question of duration of IM effect in a single injection 
remains open.

It is known that mitotic activity of hepatocytes is 
reduced in the first day after the operation but increases 
already by the second day [5]. Maximum mitotic and 
functional activity of hepatocytes is observed between 
day 2 and day 5 after the resection [5, 6]. It can be as-
sumed that the use of prolonged drug form in the form 
of a transdermal therapeutic system will enhance the 
natural process of liver tissue regeneration by maintain-
ing a constant concentration of IM in the blood for the 
required period.

The authors developed a transdermal therapeutic sys-
tem containing a synthetic low molecular weight drug 
substance sodium aminodihydrophthalazinedione (Ga-
lavit®) [7]. In vivo experiments showed that the use of 
Galavit® transdermal therapeutic system (TTS) provides 
bioavailability of the immunomodulator, equal to the 
bioavailability of intramuscular injection of the drug 
substance at the same dose. This significantly reduces the 
maximum blood levels of the drug, but the retention time 
of sodium aminodihydrophthalazinedione in the body 
increases by more than 10 times, which may contribute 
to prolonged drug effect [8].
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In view of the above, the objective of the study was 
to investigate the effect of transdermal administration 
of immunomodulator aminodihydrophthalazinedione on 
the early stage of recovery in the liver in the experimental 
EHR model.

maTerialS and meThOdS
Sodium aminodihydrophthalazinedione was used as 

an active substance in TTS in the form of a powder for 
preparing a solution for intramuscular injection (trade 
name Galavit®, Selvim LLC).

Excipients and materials approved for medical pur-
poses were used in the manufacture of laboratory sam-
ples of Galavit® TTS.

The experimental animals were 22 male Wistar rats 
weighing 350–380 g, in which the EHR model was re-
produced. Before EHR modeling, the operated rats were 
anesthetized by inhaled diethyl ether. Then, observing 
the rules of aseptics and antiseptics, the abdominal cav-
ity was opened, the liver was exposed to the wound, and 
ligatures were sequentially applied to the bases of the 
medial, left lateral, and right upper lobes of the liver, after 
which ~70% of the total liver mass was removed. The 
operation was always performed in the morning hours 
(between 10 am and 12 noon), when the daily rhythm of 
mitotic activity of the liver cells was minimal.

All animals after EHR were divided into two groups. 
The first group (n = 10) consisted of animals with EHR 
without treatment.

In the second group (n = 12), immediately after liver 
resection, Galavit® TTS (10 cm2) was applied in the back 
area of the rats to the skin areas with previously removed 
hair. Each TTS contained 40 mg of the drug substance. 
The experiment lasted for 48 hours with a single change 
of TTS 24 hours after the start of application.

To assess the dynamics of liver weight recovery in 
each operated animal, the removed part of the liver was 
weighed on Ohaus Explorer (Switzerland) electronic 
scale immediately after EHR, which was taken as 70% 
of the total liver weight. Then the initial mass of the 
residual liver was calculated for each animal based on 
these data. Then, after 48 hours, the remaining portion 
of the liver was excised, its weight was measured, and 
the values obtained were compared with the calculated 
initial mass of the residual liver for the particular animal.

In addition, the following biochemical blood pa-
rameters were determined: total protein, albumin, urea, 
creatinine and hepatic cytolysis enzymes: alanine ami-
notransferase (ALT), asparagine aminotransferase (AST) 
and alkaline phosphatase (ALP). For this purpose, the 
tail tip of the rat was incised under ether anesthesia, 28–
32 μL blood was pipetted and applied to Reflotron™ test 
strips, which were immediately placed in a Reflotron™ 
biochemical analyzer (Roche, Switzerland). Blood from 
intact animals (n = 4) was used as a control.

Efficiency of stimulating effect of transdermal im-
munomodulation on liver regeneration processes after 
EHR was evaluated by mitotic (proliferative) activity 
of hepatocytes in the resected liver remnant. For this 
purpose, histological preparations of the resected liver 
were prepared, then the mitotic index (MI) – the number 
of mitotically dividing cells per 1000 analyzed cells – 
was calculated. For each specimen on the histological 
section of liver tissue stained with hematoxylin and eosin 
under 400× magnification (Leica LMLS microscope), 
we determined the number of mitotic figures and the 
average (total) number of cells. The formula used was:

,

where M is the sum of dividing cells, N is the total num-
ber of cells analyzed. Mitotic index was expressed in 
ppm.

The significance of difference between the studied 
indicators in the compared groups was assessed using 
the parametric Student’s t-test.

reSulTS and diScuSSiOnS
It is known that after EHR, the process of organ re-

covery up to its initial mass occurs through proliferation 
and polyploidization of hepatocytes. It was noted that 
distinct signs of increased proliferative activity of the 
liver cells after EHR appear only 48 hours after this 
operation [9]. Considering the above, we evaluated the 
effect of percutaneous immunomodulator injection on 
stimulation of regeneration of the remaining part of the 
resected liver at 48 hours from the start of TTS.

The degree of recovery of rat liver weight in groups 
1 and 2, 48 hours after EHR can be judged from the 
calculated results presented in Table 1.

As can be seen from Table 1, the increase in the liver 
remnant weight in the experimental animals, 48 hours 

Table 1
Changes in rat liver weight 48 hours after extended resection

Animal group Taken 
(~70%), g

Remnant 
(calculated, 
~30%), g

Liver weight 
(calculated), 

g

Remnant 
(after 

48 hours), g

Weight gain 
of liver remnant, 

g

Weight gain 
of liver, %

Group 1 (EHR; n = 10) 7.77 ± 0.754 3.33 ± 0.32 11.10 ± 1.06 8.08 ± 1.26 4.75 ± 1.17 43.06 ± 10.49
Group 2 (EHR + TTS; n = 12) 7.16 ± 1.05 3.07 ± 0.45 10.24 ± 1.50 7.00 ± 0.96 3.93 ± 0.79 39.03 ± 9.30
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after resection, was 43 ± 10%; while in the group of 
animals with EHR and Galavit® TTS, it was 39 ± 9% 
for the same period. There was no significant difference 
in the weight of the liver remnant gain.

The effect of immunomodulator on restoration of 
liver homeostasis in rats at 48 hours after EHR was es-
timated by comparing the calculated blood biochemical 

indicators in the groups. Results of blood tests are pre-
sented in Table 2.

As can be seen from Table 2, biochemical blood pa-
rameters in both groups were significantly higher than 
in the intact animal group.

Analysis of results of the two experimental groups 
showed that such biochemical blood parameters as total 

Table 2
Biochemical blood parameters of rats after EHR

Biochemical 
blood parameters

ALT, U/I AST, U/I GGT, U/I ALP, U/I Total protein, 
g/l

Albumin, 
g/l

Urine, 
mmol/l

Creatinine, 
μmol/l

Intact group (n = 4)
Mean 52.6 108.4 184.2 60.8 30.0 7.5 24.7
SD 6.7 21.0 87.0 1.5 12.0 0.4 3.3

Group 1 (EHR; n = 10)
Mean 407.3 657.5 6.7 559.7 52.3 24.9 8.6 49.1
SD 203.5 225.6 4.9 239.5 3.6 2.6 7.4 28.9

Group 2 (EHR + TTS, n = 12)
Mean 470.3 830.9 10.8 568.1 50.5 24.1 12.1 62.8
SD 225.7 334.0 7.1 193.9 2.9 2.8 14.4 54.8

Table 3
Mitotic index of hepatocytes 48 hours after EHR

Sample name / group No. 
of histological 

sample

MI, 
‰

MI 
mean, 

‰

SD

Source tissue  
(n = 5)

2536 0.19

0.14 0.07
2540 1.54
2542 0.14
2559 0.11
2621 0.05

Group 1  
(EHR; n = 10)

2535 10.21

12.70 4.9

2539 10.80
2541 5.38
2544 8.37
2617 16.4
2619 16.8
2620 22.08
2622 13.26
2623 8.82
2624 15.13

Group 2  
(EHR + TTS, n = 12)

2537 19.40

17.43 4.9

2545 10.84
2548 7.18
2626 25.09
2636 21.3
2637 12.69
2638 17.04
2639 17.6
2640 19.2
2614 17.5
2616 24.6
2617 13.7

protein (50.5 ± 2.9 g/L in group 2 and 52.3 ± 3.6 g/L in 
group 1) and albumin (24.1 ± 2.8 g/L and 24.9 ± 2.6 g/L 
respectively), in both groups, 48 hours after EHR, were 
practically the same.
Urea levels were 12.1 ± 14.4 mmol/L in group 2 and 

8.6 ± 7.4 mmol/L in group 1, while creatinine levels were 
62.8 ± 54.8 μmol/L and 49.1 ± 28.9 μmol/L in group 2 
and group 1, respectively. No significant difference was 
found.

The levels of liver cell cytolysis enzymes (ALT, AST, 
GGT, ALP) were slightly higher on average in group 
2 (experimental) (EHR + TTS) – 470.3 ± 225.7 U/L; 
830.9 ± 334.0 U/L; 10.8 ± 7.1 U/L; 568.1 ± 193.9 U/L, 
respectively. In group 1, ALT, AST, GGT, and ALP val-
ues were lower on average – 407.3 ± 203.5 U/L; 657.5 ± 
225.6 U/L; 6.7 ± 4.9 U/L; 559.7 ± 239.5 U/L, respec-
tively. However, the observed differences in cytolysis 
enzymes at 48 hours after EHR in the compared groups 
were not significant.

So, in a comparison of biochemical blood values at 
48 hours after EHR, transdermal administration of im-
munomodulator Galavit® was not found to have any posi-
tive effect on restoration of hepatic homeostasis in rats.

The effect of using immunomodulator TTS to accel-
erate liver regeneration in EHR at 48 hours was found 
when comparing the results of histological study of hepa-
tocyte proliferation by determining the MI of hepatocytes 
(see Table 3).

Research on the mitotic activity of liver hepatocytes 
at 48 hours after EHR, assessed according to the MI, re-
vealed a significant increase in MI in both groups (0.14 ± 
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Fig. 1. Histological picture of the original rat liver tissue. 
Single figures of mitoses in the parenchyma (indicated by 
arrow). H&E staining. 200×

Fig. 2. Mitotic activity of hepatocytes 48 hours after EHR. 
Arrows indicate hepatocytes in the mitosis stage. H&E stain-
ing. 200×

Fig. 3. Mitotic activity of hepatocytes 48 hours after EHR 
and application of the immunomodulator TTS. Multiple mi-
tosis figures in the field of view (indicated by arrows). H&E 
staining. 200× (400× in the selected area)

0.07‰) when compared to the baseline (before liver 
resection). As can be seen from Table 3, the MI in group 
1 (EHR without treatment) at 48 hours of EHR averaged 
12.70 ± 4.9‰, whereas in group 2 (with Galavit® TTS 
application immediately after EHR), the MI averaged 
significantly higher – 17.43 ± 4.90‰, (p ≤ 0.05). Thus, 
percutaneous administration of immunomodulator Ga-
lavit® had a pronounced stimulating effect on the mitotic 
activity of liver cells.

The found pattern is supported by results from com-
parative morphological analysis of histological liver 
tissue preparations, in which higher mitotic activity of 
hepatocytes after 2 days in group 1 with EHR (Fig. 2) 
compared with the original tissue (Fig. 1) and more 
pronounced manifestations of mitotic activity of hepa-

tocytes in group 2 with application of IM TTS (Fig. 3) 
are determined.

Figs. 1–3 show, as examples, photos of histological 
samples of rat liver tissue: initial; 48 hours after EHR, 
48 hours after EHR and application of IM TTS.

Note that there was no death in all groups of animals 
throughout the duration of the experiment.

So, the study of the mitotic activity of hepatocytes 
after EHR in the groups of animals investigated showed 
that EHR induces proliferative activity in hepatocytes, 
and that transdermal administration of immunomodula-
tor Galavit® after EHR has a stimulating effect on pro-
liferation of hepatocytes in the resected liver. Increased 
proliferative activity of hepatocytes is accompanied by 
adaptive restructuring of the metabolism of these cells, 

which seems to have predetermined the absence of a 
positive effect of the immunomodulator TTS on bio-
chemical indicators of hepatic homeostasis at 48 hours 
after EHR.

cOncluSiOn
The conducted studies on the regenerative activity 

of sodium aminodihydrophthalazinedione transdermal 
therapeutic system on an experimental EHR model of 
rats showed the prospects for percutaneous administra-
tion of this immunomodulator, as well as the need to 
further study its effect on liver repair processes at dif-
ferent periods of TTS application.
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mechaniSmS wiTh aTherOSclerOSiS and calcific aOrTic 
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Current research shows that some of the pathogenetic processes behind structural destruction of bioprosthetic 
valves are largely similar to those involved in the development of atherosclerotic vascular lesions and native 
valve calcification. These processes include lipid and leukocyte infiltration, typical for both prosthetic and native 
tissues. They are accompanied by formation of foam cells, excessive production of matrix-degrading enzymes and 
increased oxidative stress. This fact suggests that some approaches to conservative treatment of atherosclerosis 
may be useful for prolonging the lifespan of bioprosthetic valves.
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inTrOducTiOn
To date, the main way of correcting severe valvular 

heart disease is by replacing the affected valves [1–3]. 
According to various estimates, 250,000 to 400,000 such 
operations are performed annually in the world [4–7], 
about 10,000 in Russia. Moreover, there seems to be 
higher number of interventions on the heart valve appa-
ratus across the globe. This is associated with increased 
accessibility of surgical care in developing countries, as 
well as the aging population of Western countries, ac-
companied by increasing prevalence of acquired valve 
defects [7]. By the year 2050, expectations are that an-
nually 850,000 valves will be implanted [4]. Mechanical 
valves (MV) and bioprosthetic heart valves (BHV) are 
used as substitutes for native valves [9, 10]. Silence, 
optimal hemodynamic parameters and low thromboge-
nicity favorably distinguish BHVs from MVs [10]. At the 
same time, BHVs have a significant drawback – limited 
period of functioning, which is caused by occurrence 
of degenerative changes in the prosthetic biomaterial 
over time [9, 10]. In some sources, this phenomenon 
is called structural valve degeneration (SVD) [11, 12]. 
Due to SVD, 20% to 50% of conventional stented bio-
prostheses require replacement as early as 15 years after 
implantation [6]. Moreover, faster rates of SVD directly 
correlate with younger age [5, 6]. This peculiarity of 
BHVs predetermines the need for reprosthetic surgeries 
and is a significant limitation for the wide use of this type 
of medical devices, especially in young patients [1–3].

It is important to emphasize that the mechanisms re-
sponsible for SVD development are poorly understood 
and studied. As recently as 15–20 years ago, many re-
searchers believed that only passive physical and chemi-

cal processes were behind the destruction and calcifica-
tion of the biological component of BHVs [13–15], but 
these views are now regarded as simplistic [16]. Numer-
ous original studies conducted over the past two decades 
show that the recipient’s immune response may signifi-
cantly contribute to the degeneration of the biological 
tissues of BHVs. Thus, researchers today increasingly 
consider SVD as an active cell-regulated process [9, 
17], whose pathophysiology partially resembles that of 
atherosclerosis (ATS) and calcification of native aortic 
valves (AVs) [6, 18, 19].

Given the increase in the number of BHVs used in 
global surgical practice in recent decades [4, 20], there 
is an increasing need to find methods to reduce the rate 
of SVD, which is the main cause of BHV dysfunction. 
At the same time, the concept of SVD as an active cell-
regulated process opens up new opportunities in the de-
velopment of ways to modify the xenobiomaterial used 
for valve prosthetics, as well as medication support for 
operated patients in order to prevent early failure and 
increase the duration of BHVs functioning. Thus, our 
review concentrates on the analysis of current informa-
tion on SVD pathophysiology and the similarity of the 
mechanisms behind it with those responsible for ATS and 
calcific aortic stenosis (CAS). Recent advances in the 
development of methods to reduce the immune response 
to BHV tissues are also reviewed.

Svd, aTS and caS:  
whaT dO TheY have incOmmOn?

It is known that ATS and CAS share many common 
risk factors, such as age, smoking, hypertension, meta-
bolic syndrome, diabetes mellitus and hypercholesterol-
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emia [21, 22]. Some clinical studies have also indicated 
the association of the latter with SVD and deterioration 
of the hemodynamic parameters of BHVs due to degen-
eration of the prosthetic biomaterial [23–27]. Given that 
SVD, ATS and CAS share common risk factors, it can 
be assumed that these pathological conditions partially 
share similar mechanisms.

ATS and CAS are slowly progressive chronic inflam-
matory diseases characterized by lipid accumulation and 
activation of processes of maladaptive extracellular ma-
trix remodeling in affected parts of vascular wall and AV 
leaflets respectively [28]. Intensive lipid and leukocytic 
infiltration accompanied by formation of foamy cells, 
which are lipid-laden macrophages, act as key histo-
pathological events uniting the pathogenesis of ATS and 
CAS [28–33]. Through the release of proinflammatory 
cytokines, macrophages and foamy cells induce exces-
sive activation of resident smooth muscle cells (SMCs) 
of vessels and valve interstitial cells (VICs) of valves, 
which becomes the main driving force behind the path-
ological changes observed in the development of the 
diseases under consideration [28–33].

In its turn, SVD is a process of gradual and irrevers-
ible destruction of the biological component of BHVs, 
apparently caused mainly by passive cell-independent 
mechanisms [14, 15]. At the microstructural level, SVD 
is mainly manifested by stratification, fragmentation and 
calcification of collagen and elastin fibrils of the extracel-
lular matrix, and at the macrostructural level by perfo-
rations, tears and/or mineralization of the flaps, which 
eventually cause prosthesis dysfunction due to stenosis 
and/or transprosthetic regurgitation [11, 12]. However, 
like the affected areas of vessels and native valves, the 
tissues of implanted BHVs are subject to infiltration by 
immune cells, among which macrophages are the pre-
dominant type [34–41]. Also, some authors note the pres-
ence of lipid stains and foamy cells in explanted BHVs 
due to dysfunction [34, 41, 42], which is a key sign of 
atherogenic processes. It should be noted that cellular 
and lipid infiltrates in BHVs are usually co-localized 
with areas of damaged or calcified matrix.

Although the primary role of lipids and immune cells 
(particularly macrophages and foam cells) in the progres-
sion of ATS and CAS is generally understood [28–33], 
their contribution to BHV degeneration is largely unclear. 
Apparently, macrophages and other immune cells can 
contribute to additional destruction and calcification of 
the prosthetic biomaterial through several mechanisms. 
For instance, macrophages and foam cells are capable 
of producing numerous matrix-degrading enzymes, in-
cluding almost the entire spectrum of matrix metallo-
proteinases (MMPs) and cathepsins B/K/L/S/V [43–46]. 
Increased expression of a number of MMPs and cathep-
sins has been noted in resected atherosclerotic plaques 
[47] and stenotic AVs [29], but BHVs have hardly been 
studied for the presence of proteolytic enzymes in their 
tissues. Nevertheless, BHV-infiltrating macrophages and 

foam cells have been shown to actively secrete MMP-9 
[41] and plasminogen proenzyme [40]. It has been shown 
that non-calcified pericardial BHVs explanted due to 
leaflet ruptures show higher MMP-9 content compared 
to calcified prostheses and intact bovine (cattle) pericar-
dium [48]. It is also known that activated macrophages 
and granulocytes create high concentrations of reactive 
oxygen species (ROS) in the surrounding space, suf-
ficient to cause DNA damage and death of co-cultured 
monocytes [49]. As in the case of atherosclerotic plaques 
and calcified AV leaflets [28, 29], ROS provoke increased 
oxidative stress in degenerating BHV tissues and im-
mune cells infiltrating them, presumably contributing 
to oxidative damage of the prosthetic biomaterial [50, 
51] and its dystrophic calcification, partially caused by 
mineralization of apoptosed macrophages [40]. Finally, 
macrophages can produce calcium-binding proteins, in 
particular osteopontin and osteonectin [52, 53], as well 
as produce vesicles resembling matrix vesicles secreted 
by bone osteoblasts, which mediate bone biomineral-
ization [54, 55]. It is important to note that a number of 
non-collagenous bone matrix proteins, including osteo-
pontin, osteonectin and osteocalcin, were detected by 
immunohistochemistry in the tissues of explanted BHVs, 
and their expression levels correlated with the degree of 
cellular infiltration and calcification of the leaflets [56]. 
Again, this pattern largely resembles that of mineraliza-
tion of native AVs [57, 58].

The study of BHV flaps by immunohistochemical 
staining showed that lipid deposits found in them consist 
mainly of oxidized low-density lipoproteins (oxLDL) 
[41, 42], which is also typical of ATS-affected vessels and 
calcified AV flaps [28–33]. The contribution of oxLDL 
to the development of SVD and to BHV dysfunction is 
still unknown. Potentially, lipid infiltration of BHV flaps 
can accelerate their degeneration by stimulating inflam-
matory activation of implant-infiltrating macrophages, 
formation of froth cells and their increased production 
of proteolytic enzymes. Experimental data support this 
hypothesis: the results of immunohistochemical staining 
of tissues of explanted BHVs show that macrophages 
penetrating them in the presence of oxLDL express high 
MMPs-9 levels, which is not observed in the samples 
without pronounced lipid infiltration [41]. These findings 
are consistent with the results of studies that have indi-
cated an important role of oxLDL in stimulation of MMP 
secretion by immune cells [59–63]. It is also known that 
oxLDL enhance the production of various proinflamma-
tory cytokines and chemokines by macrophages, such as 
interleukin-1β/-6/-8, tumor necrosis factor alpha, mono-
cyte chemoattractant protein-1, macrophage inflamma-
tory proteins, etc. [32, 62–64]. The release of cytokines 
and chemoattractant molecules may help recruit new 
immune cells in the inflammation site, although this pro-
cess has not been studied in BHV tissues.

Notably, clinical studies reveal an association be-
tween BHV degeneration and lipid metabolism disor-
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ders. For example, it was found that the risk of early 
SVD is higher in patients with increased low-density 
lipoproteins (LDL) and apolipoprotein B in relation to 
high-density lipoproteins and apolipoprotein A-I, respec-
tively [65, 66]. In addition, elevated circulating levels of 
proprotein convertase subtilisin/kexin type 9 also cor-
relate with the more rapid SVD and deterioration of the 
hemodynamic characteristics of BHVs [66, 67]. Finally, 
a macrophage-produced and/or LDL-borne enzyme, 
lipoprotein-associated phospholipase A2 (Lp-PLA2), 
seems to be associated with BHV degeneration [42]. 
It is known that Lp-PLA2 is involved in the develop-
ment of both ATS and CAS by enhancing inflammation 
and calcification of native tissues through generation of 
such proinflammatory, proapoptotic and proosteogenic 
mediators as lysophosphatidylcholine and oxidized fatty 
acids [29, 68].

Probably, another mechanism can unite SVD and 
CAS pathogenesis. It has been established that the degree 
and rate of progression of native AV calcification corre-
late with the presence of intraleaflet haemorrhage (ILH) 
in the valve tissues [69], with the areas with ILH usually 
co-localized with calcium deposits [70, 71]. The rela-
tionship between ILH and AV mineralization is poorly 
studied [72]. It is assumed that iron accumulation in the 
matrix, which originates from the dead erythrocytes and 
induces differentiation of VICs into osteoblast-like cells 
through elevated oxidative stress, promotes calcification 
enhancement [72]. Recently, a group of researchers from 
China noted that there are also erythrocyte iron deposits 
co-localized with mineralized matrix areas in the flaps of 
explanted BHVs [73]. Probably, the iron accumulated in 
BHVs contributes to ROS generation through Fenton and 
Haber-Weiss redox reactions and subsequent oxidation-
conditioned degeneration of the prosthetic biomaterial 
[50, 51]. In addition, fragments of erythrocytes diffusing 
into loosened tissues and then dying in them can serve 
as calcium phosphate nucleation nuclei.

Some commonalities of pathophysiological features 
characteristic of SVD with those of other inflammatory 
diseases of the cardiovascular system can also be seen in 
the results obtained by a group headed by Dr. Skowasch 
(Skowasch et al.) [74]. These studies showed increased 
expression of C-reactive protein (CRP) by BHV-infiltrat-
ing cells, and CRP levels in BHV-degenerating tissues 
correlated with those in the blood serum [74]. In addi-
tion to those described above, other mechanisms typical 
of ATS and CAS pathogenesis may also be involved in 
SVD. For example, activation of renin-angiotensin-aldo-
sterone system [75–77] and autotoxin accumulation [78] 
are largely responsible for elevated oxidative stress and, 
as a consequence, inflammatory and fibroproliferative 
processes in the affected vessels and AVs. Presumably, 
these same factors may also play a role in the develop-
ment of SVD, but their involvement in BHV degenera-
tion has not yet been studied.

Svd, aTS and caS:  
fundamenTal differenceS

Despite the obvious similarity of a number of process-
es uniting the pathophysiology of SVD, ATS and CAS, 
they have notable differences. The most important of 
these is the absence of a fibroproliferative response to in-
flammatory infiltration on the part of BHV tissues, since 
they usually do not have living mesenchymal cells that 
could mediate it. A possible exception is only homovital 
allogeneic valve conduits, which have in their tissues 
significant populations of endothelial cells, SMCs and 
VICs of donor origin. Also living cells in allografts can 
be preserved after antibiotic treatment and cryopreserva-
tion, though their quantity in this case is usually small 
[79, 80]. Small clusters of cells with endothelial and 
fibroblast phenotype were also detected in xenogeneic 
BHVs [39, 81, 82], but there are no examples in current 
literature of when their number would be comparable 
with that in native tissues.

Hypothetically, fibrosis and ossification of BHV flaps 
controlled by myofibroblasts and osteoblast-like cells, 
respectively, can occur during SVD [6]. At least all nec-
essary components for this are present in BHV tissues 
[83]. Nevertheless, it seems extremely unlikely that a 
small population of mesenchymal cells can contribute 
to fibrous and/or osteogenic remodeling of the prosthetic 
biotissue matrix in such a way that it would be visible 
against the background of passive degenerative-dystro-
phic processes. Modern research supports these views. 
For example, a group of scientists from Japan could not 
find cells with myofibroblast or SMC phenotypes in 
explanted BHVs, while fibrosis and mineralization of 
their flaps, apparently, were associated with deposition 
of fibrinogen from blood plasma and macrophage apop-
tosis [40]. Another research group attempted to study the 
expression of components of the cytokine system OPG/
RANKL/RANK in explanted BHV tissues (the latter is 
known to be responsible for osteogenic differentiation 
of cells in native AVs), which showed that this system 
is not involved in SVD [84].

Another important difference SVD has from ATS and 
CAS lies in the triggers of the processes of lepid accumu-
lation and leukocyte infiltration. For instance, endothelial 
dysfunction, accompanied by changes in the endothelial 
layer secretory profile and/or its partial loss, is the main 
cause of pathological changes in the affected vessels 
and AVs [28, 29]. Because of this, LDL start penetrating 
into the subendothelial space and deeper layers of the 
vascular wall or cusps. Oxidizing, they provoke intense 
aseptic inflammatory reactions with further recruitment 
of immune cells. With the exception of homovital al-
logeneic valve conduits, BHVs lack endothelial lining 
(although small reendothelized areas may occur on their 
surface [40]), thus, the considered mechanism cannot 
be involved in their case. Analysis of current literature 
sources shows that the main trigger of inflammatory 
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infiltration of xenogeneic BHVs is most likely residual 
xenoglycans, the end links of the polysaccharide chains 
of which are represented by sugars such as galactose-
alpha-1,3-galactose and N-glycolylneuraminic acid [85]. 
Moreover, the main trigger of immune response to allo-
geneic valve substitutes seems to be residual molecules 
of human leukocyte antigen [86–88]. Lipid infiltration 
of LDL in this case is secondary to macrophage infiltra-
tion [41, 83].

Based on the above, we conclude that unlike in con-
trast to ATS and CAS, SVD is unlikely to be mediated by 
resident or alien mesenchymal cells. Thus, immune cells, 
primarily macrophages, are responsible for cell-mediated 
degradation of BHVs. The main trigger of inflammatory 
infiltration of both xenogeneic and allogeneic BHVs 
are foreign carbohydrate and protein molecules, which 

allows to consider the active processes behind SVD not 
as an ATS-like process, but rather as one of the variants 
of chronic implant rejection [9, 17], which has some 
features of atherosclerotic lesion. A comparative charac-
teristic of SVD, ATS and CAS is shown in Table.

aTS TheraPY in Svd inhiBiTiOn
To date, there are no conservative therapies to slow 

down SVD. Nevertheless, the partial similarities between 
SVD and ATS suggest that anti-atherosclerotic drugs 
may be effective in inhibiting BHV degeneration. Some 
authors had previously believed that better clinical results 
could be achieved with lipid-lowering therapy in patients 
with appropriate indications [89]. Two small-scale retro-
spective studies demonstrated lower rates of increase in 
peak flow velocity, decrease in effective valve opening 

Table
Comparative characteristics of some pathophysiological features between SVD, ATS and CAS

Sign Structural valve degeneration Atherosclerosis Calcific aortic stenosis
Presence of inflammatory cel-
lular infiltrates. Present, but not in all cases. Always present. Always present.

Deposition of oxidized 
low-density lipoproteins and 
formation of foam cells.

Noted by several research groups, 
but apparently, rarely accom-
panies cellular infiltration in 
prosthetic biotissues.

A key sign of the disease. Key sign of the disease.

Increased production of pro-
teolytic enzymes, proteolysis 
activation.

A significant increase in MMP-9 
expression was detected in some 
samples. However, interaction 
of proteolytic enzymes with stabi-
lized matrix is poorly studied.

Increased expression of 
various MMPs, cathepsins 
and other matrix-degrading 
enzymes. Active matrix 
remodeling.

Increased expression of 
various MMPs, cathep-
sins and other matrix-de-
grading enzymes. Active 
matrix remodeling.

Release of inflammatory 
mediators, including various 
cytokines and chemokines.

Virtually unexplored. At least 
one study noted an increase in 
CRP expression in degenerating 
bioprostheses. There is indirect 
evidence pointing to the involve-
ment of Lp-PLA2 in the destruc-
tion of prosthetic biotissues.

Increased production of a 
wide range of cytokines, 
chemoattractant and other 
proinflammatory agents.

Increased production of a 
wide range of cytokines, 
chemoattractant and other 
proinflammatory agents.

Increase in intracellular oxi-
dative stress, intensification 
of extracellular oxidation.

Oxidation-dependent damage to 
the prosthetic biotissue has been 
noted in at least two studies.

One of the main mecha-
nisms of pathogenesis.

One of the main mecha-
nisms of pathogenesis.

Involvement of noncollag-
enous bone matrix proteins in 
biomineralization.

Increased expression of osteopon-
tin, osteonectin, and osteocalcin 
was detected in calcified areas of 
the matrix.

Involved in those cases 
where calcification in 
atherosclerotic plaque is 
observed.

One of the main par-
ticipants in aortic valve 
calcification processes.

Initiating causes of lipid and 
leukocyte infiltration.

Residual xenoglycans and other 
foreign molecules.

Endothelial layer dysfunc-
tion and damage.

Endothelial layer dysfunc-
tion and damage.

Active fibroproliferative 
response to inflammatory 
infiltration on the tissue side.

Probably impossible due to the 
complete absence or extremely 
small population of mesenchy-
mal cells. Passive mechanisms 
(stratification of biotissue fibers, 
deposition of fibrinogen and other 
proteins from blood plasma) are 
responsible for leaflet fibrosis.

One of the main mecha-
nisms of disease develop-
ment; it is mediated by 
activated valvular intersti-
tial cells.

One of the main mecha-
nisms of disease develop-
ment; it is mediated by 
activated valvular intersti-
tial cells.

Heterotopic ossification
Apparently, it cannot be realized 
because no osteoblast-like cells 
are found in the prosthetic tissues.

Partial mineralization 
is due to the activity of 
smooth muscle cells with 
an osteogenic phenotype.

One of the main mecha-
nisms of aortic valve 
calcification.
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area and increase in regurgitation in patients with BHVs 
that were treated with statins compared to patients in the 
control group [90, 91]. In another study, statins reduced 
plasma CRP levels in patients with BHVs, indicating 
their anti-inflammatory effect [74]. However, the results 
of the latest and the largest observational study to date, 
which included data on 1193 patients, was unable to 
show whether lipid-lowering therapy could delay the 
SVD process for BHVs in the aortic position at 1, 5 and 
10 years after implantation [92]. Therefore, the use of 
statins for prevention of early failure of BHVs became 
skeptical [92, 93].

To date, it is still not possible to draw a definitive 
conclusion about the effectiveness of statins in slowing 
down the SVD process due to the limited number of 
studies and the inconsistency of their results. There is 
a possibility that lipid-lowering therapy can be effec-
tive only for a subset of patients, for example, young 
people, whose immune system is more reactive, and the 
processes of degeneration of BHVs, presumably, are 
more associated with their cellular infiltration rather than 
fatigue breakdown of the prosthetic biomaterial. Thus, 
according to Dr. G. Nollert and his group (Nollert et al.) 
[27], cigarette smoking, high cholesterol and triglyceride 
levels were associated with accelerated BHV failure in 
patients aged 57 years or younger. No such association 
was observed in patients older than 57 years. However, 
it should be noted that the 2010 observational study in-
cluded patients older than 63 years [92].

OTher waYS TO reduce inflammaTOrY 
reSPOnSe TO BiOPrOSTheTic valveS

Since SVD somewhat resembles chronic immune 
rejection of living organ and tissue transplants, it is logi-
cal to assume that immunosuppressive therapy may be 
useful in delaying valve degeneration. This hypothesis 
is supported by experiments on laboratory animals. Spe-
cifically, experiments with inbred rats showed a direct 
correlation between the inflammation intensity and de-
gree of calcification in glutaraldehyde-preserved guinea 
pig aortic valve, as well as reduсed inflammatory re-
sponse and degree of implant degeneration in patients 
who had been given steroid treatment [94]. A number of 
clinical observations also suggest that long-term use of 
corticosteroids reduces the rate of bioprosthetic valve 
calcification in young patients [95, 96]. However, immu-
nosuppressive therapy can hardly be considered a viable 
option: due to significant side effects, this strategy is not 
applicable to most patients with bioprosthetic valves. In 
addition, the efficacy of immunosuppression in inhibiting 
bioprosthetic valve degeneration has not been validated 
by clinical trials.

An acceptable alternative to immunosuppressive 
therapy is decellularization or additional enzymatic 
treatment of prosthetic biomaterial aimed at eliminat-
ing xenoglycans, the most immunogenic components of 
animal biotissues [85]. Also, over time, it will probably 

become possible to obtain biomaterial from genetically 
modified animals whose tissues do not express the most 
immunoreactive carbohydrate xenoglycans [85]. Cur-
rently, porcine [97] and cattle [98] knockout for galac-
tose-alpha-1,3-galactose and N-glycolylneuraminic acid 
have already been bred. The first experimental models 
of BHVs from the tissues of knockout pigs have also 
been made [99]. If future clinical trials prove the ben-
efits of using BHVs created from the tissues of modified 
animals, they are likely to enter clinical practice [100].

cOncluSiOn
According to current views, SVD is not simply a pas-

sive degenerative-dystrophic process and is partly real-
ized through cell-dependent mechanisms. The triggers 
and nature of cellular infiltration of bioprosthetic valves 
allow us to attribute this reaction, occurring both on 
chemically stabilized xenogeneic biological tissues and 
on unfixed allogeneic biomaterial, to chronic immune 
rejection. It is noteworthy that some of the identified 
mechanisms resemble those involved in vascular ATS 
and native aortic valve calcification. They include lipid 
accumulation, foam cell formation, increased production 
of matrix-destroying enzymes, release of inflammation 
mediators and elevated oxidative stress. The clinical sig-
nificance of these phenomena is still poorly understood.

Unfortunately, there are currently no drug therapies 
that can delay bioprosthetic valve deterioration. Sug-
gestions that lipid-lowering therapy might be useful in 
this regard have not been confirmed, although there is 
a possibility that it might still play a role in patients 
younger than 57 years of age. Besides, there are opinions 
that special biomaterial processing aimed at eliminating 
immunogenicity and the manufacture of bioprosthetic 
valves from the tissues of genetically modified animals, 
will reduce the inflammatory response to the implants 
and increase their shelf-life in young patients. Given 
the global trend towards an increase in the number of 
heart valve replacement surgeries and an increase in the 
proportion of bioprosthetic valves used for this purpose, 
even a slight improvement in the latter, accompanied by 
an increase in their average lifespan by 3–5 years, will 
have a significant clinical impact.

The work was carried out within the framework of 
a comprehensive program of fundamental scientific re-
search of the Siberian Branch of the Russian Academy of 
Sciences on the fundamental theme NII KPSZ No. 0546-
2015-0011 “Pathogenetic  substantiation of develop-
ment of bio implants for cardiovascular surgery, with 
implementation of a patient-centered approach using 
mathematical modeling, tissue engineering and genomic 
predictors”.
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Organ transplantation is an effective treatment for many end-stage diseases. However, reperfusion injury constitu-
tes a major complication of transplantation, which is associated with microcirculatory disorders and aggregation 
of blood corpuscles. Red blood cells (RBC) play an essential role in maintaining hemodynamic and rheological 
properties of the blood. Moreover, the study of mechanisms of changes in RBC functional indices is an urgent 
task. The main indicator of RBC functioning is the stability of RBC membrane structure. The issue of RBC 
membrane modification in organ transplantation has not been studied so far. Objective: to study the protein 
composition of RBC membranes, their aggregation and electrokinetic parameters in liver and kidney recipients, 
as well as in related kidney and liver fragment donors before and after operation. Research materials. Blood of 
12 kidney recipients and 5 related kidney donors, 8 liver recipients and 4 related liver fragment donors – 1–2 hours 
before surgery, 1 week, 1, 2, 7, 10, 12 months after surgery. The control group consisted of 8 healthy volunteers.  
Research methods. Protein separation was done by Laemmli electrophoresis. RBC electrophoretic mobility, 
which characterizes the electrokinetic properties of cells, was measured by microelectrophoresis. Aggregation 
was calculated microscopically by counting unaggregated RBCs. Obtained values were compared by Mann-
Whitney U test. Results. Examination of the RBC membrane of kidney recipients revealed a significant decrease 
in the amount of Band 3 protein and glycophorin before and after transplantation. Band 3 protein levels reduced 
at 1 month, glycophorin reduced at 7 months after surgery, with a maximum decrease in these protein fractions 
by more than 50% by 7 days compared with control values. There was also a decrease in spectrin content for 
2 months after surgery with a maximum decrease of 30% by 1 month. In liver recipients, analysis of RBC mem-
brane proteins revealed a decrease in the amount of glycophorin before surgery and further decrease at 2 months 
of post-transplant period. The maximum decrease in this index was 72% by 7 days after surgery. In addition, 
there was a fall in spectrin and Band 3 protein levels at 1 month by more than 60% relative to the control values. 
In donors, there were changes in the protein fraction of RBC membranes in the long-term post-operative period: 
spectrin and Band 3 protein levels reduced by 2 times at month 2 in kidney donors, while glycophorin levels 
reduced by 2.3 times at month 1 after operation in liver donors. Similarly, both groups of donors had increased 
actin levels at month 1 after surgery. The revealed changes in protein levels in the protein phase of RBC mem-
branes were combined with functional indices of RBCs. In kidney recipients, decreased RBC electrophoretic 
mobility and increased aggregation were detected at 2 months. In liver recipients, the changes in these indicators 
were at 1 month. A decrease in RBC electrophoretic mobility was detected in donors of both groups. Conclusion. 
Changes in RBC membrane electronegativity are associated with changes in glycophorin and Band 3 protein 
levels, whereas in RBC aggregation process in liver/kidney recipients, the structural and functional disorders in 
the interrelationships of such membrane proteins as spectrin, Band 3 protein, and glycophorin, are significant 
factors. Alteration of actin determines inhibition of RBC aggregation growth in donors.
Keywords:  kidney  transplantation,  liver  transplantation,  red blood  cells.
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inTrOducTiOn
Organ transplantation has become a very effective 

method of treatment for a number of severe end-stage 
diseases [1]. However, transplantation is a technically 
complex surgical intervention that can be accompanied 
by massive blood loss, which causes complications in the 
early postoperative period [2]. Besides, with this type of 

surgical intervention, changes in homeostasis are associ-
ated with an imbalance in the coagulation system [3, 4]. 
The pathogenesis of coagulopathy is mediated through 
endothelial damage and activation of hypercoagulation 
cascade, which leads to microcirculatory disorders in the 
early post-transplant period [3].

Erythrocytes, in turn, have a significant impact on 
the rheological properties of blood and microcircula-
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tion [16]. Disturbance of the membrane structure leads 
to changes in their stiffness, decreases deformation, in-
creases erythrocyte aggregation and initiates thrombosis 
[5, 6]. Increased cell aggregation and increased release 
of such procoagulants as erythrocytin and adenosine 
triphosphate stimulate blood clotting [7, 8]. Erythrocyte 
aggregation can cause tissue hypoxia, as the aggregates 
fill the lumen of capillaries and do not leave space for 
the parietal layer of plasma, causing blood stasis [9]. 
Thus, red blood cells (RBCs) play an essential role in 
maintaining the hemodynamic and rheological properties 
of the blood; a study of the mechanisms of changes in 
their functional indices is an important task. The stability 
of the membrane structure is taken as a major indicator 
of RBC functioning [10]. However, the issue of eryth-
rocyte membrane modification in organ transplantation 
has not been studied so far. From this point of view, not 
only recipients, but also related donors, in whom the risk 
of hemocirculatory disorders increases manifold when 
a kidney or a liver fragment is removed, have not been 
studied postoperatively.

The objective in this work was to study protein com-
position of erythrocyte membranes, their aggregation 
and electrokinetic indices in liver and kidney recipients, 
as well as in related kidney and liver fragment donors 
before and after operation.

maTerialS and meThOdS
The blood of kidney or liver transplant recipients and 

that of related donors in the postoperative period was 
studied. Kidney and liver explantation and transplanta-
tion were performed at Volga District Medical Center 
in Nizhny Novgorod, Russia, where such medical in-
terventions have been performed since 2006 [11]. All 
patients gave voluntary informed consent via a form 
approved by Order No. 517n of the Russian Ministry 
of Health, dated August 11, 2017. The study was ap-
proved by the local ethics committee of Volga District 
Medical Center. Enrolled were 12 deceased-donor kid-
ney transplant recipients, 5 living related kidney donors, 
8 deceased-donor liver transplant recipients and 4 living 
related fragment donors, aged from 40 to 58 years. From 
deceased kidney donors, the mean preservation time 
was 510 ± 219.33 minutes, from related kidney donors, 
22 ± 2.73 minutes, from deceased liver donors, 330 ± 
32.07 minutes, and from related liver donors, 26.5 ± 
1.73 minutes. The control group consisted of 8 healthy 
volunteers. All study participants were observed at the 
outpatient transplant center of Volga District Medical 
Center according to the approved standards [12]. Blood 
for analysis was taken from the ulnar vein of the patients 
1–2 hours before surgery, 1 week, 1, 2, and 7 months 
after surgery, to study protein fractions of erythrocyte 
membranes, and additionally 10 and 12 months after 
surgery to study the degree of aggregation and RBC 

electrophoretic mobility, which characterizes their elec-
trokinetic properties.

Protein separation was performed via Laemmli’s so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) [13] using mini gel electrophoresis sys-
tem Mini-PROTEAN Tetra cell (Bio-Rad, U.S.A.). The 
gels were prepared using a 30% acrylamide/methylene 
bis-acrylamide solution. The buffer used to prepare the 
stacking gel contained 0.5 M Tris-OH, 0.4% DSN, pH 
6.8. A buffer containing 1.5 M Tris-ON, 0.4% DSN, 
pH 8.8 was used to prepare the separating gel. Electro-
phoresis chambers were filled with a buffer containing 
0.025 M Tris-OH, 0.192 M glycine, 0.1% DSN, pH 8.3. 
Polymerization was performed in the presence of tetra-
methylethylenediamine (TEMED) and 10% ammonium 
persulfate (APS) at room temperature. The applied sam-
ples were 20 μl in volume. Before application, samples 
were diluted with sample buffer (0.0625 M Tris-HCl, 
10% glycerol, 0.001% bromophenol blue, 5% mercap-
toethanol, 2.3% DSN, pH 6.8) and heated in a water bath 
(100°C) for 10 minutes. While the samples were passing 
through the stacking gel, electrophoresis was performed 
at a constant current strength of 20 mA. In the separat-
ing gel, the current strength was 40 mA. At the end of 
electrophoresis, the gel was stained for 30–60 minutes in 
a solution containing Coomassie Blue R250, 40% metha-
nol, and 10% acetic acid. Unbound dye was removed by 
washing the gel in a solvent (40% methanol, 10% acetic 
acid). The resulting gel tracks were processed using the 
ImageJ program. Standard protein samples (Bio-Rad, 
U.S.A.) were used as markers.

By electrophoresis, about 15 major membrane pro-
teins with a molecular weight ranging from 15 to 250 kD 
were detected in the erythrocyte membrane. Spectrin, 
glycophorin, and band 3 protein account for about 60% 
of the membrane proteins. Given that the main cytoskel-
eton proteins are spectrin (band 1 and 2), ankyrin (band 
2.1), band 4.1 and 4.9 proteins, and actin (band 5), while 
in functional and quantitative relation among integral 
proteins, band 3 protein or anion channel and glycopho-
rins prevail [14, 15]. In our work, we analyzed exactly 
these fractions of erythrocyte membrane proteins.

Electrokinetic and aggregation properties were deter-
mined by measuring RBC electrophoretic mobility and 
optical measurement of erythrocyte aggregation. RBC 
electrophoretic mobility was determined by microelec-
trophoresis using a cytospherometer in our modifica-
tion [16]. We recorded the time of erythrocytes passing 
the distance of 100 µm in Tris-HCl buffer with pH 7.4 
at 8 mA current strength. Erythrocyte aggregation was 
studied by optical microscopy by counting single RBCs 
and their aggregates in blue dextran T-2000 solution 
(GE Healthcare Company, 20 mg/mL) in a Tris HCl 
buffer [17].

Data obtained was statistically processed using Statis-
tica 12, R. The distribution was checked for compliance 
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Fig. 1. Dynamics of protein composition of RBC membranes in kidney transplant recipients. Here and below in Fig.: Pre-op, 
before surgery; post-op, after surgery; * – statistically significant differences versus control (p < 0.05); # – statistically signifi-
cant differences versus control (p < 0.01). The error bars represent standard deviations

Fig. 2. Dynamics of protein composition of RBC membranes in related kidney donors

with the normal law using the Kolmogorov–Smirnov 
goodness of fit test. When analyzing differences in in-
dividual groups, statistical significance was calculated 
using a multiple t-test by the Sidak–Bonferroni method. 
Differences between recipient and donor groups were 
analyzed using nonparametric Mann–Whitney U test. 
We used the following confidence intervals to indicate 
statistical significance: p < 0.05, data differ (*); p < 0.01, 
data differ (#).

reSulTS
The study of erythrocyte membrane proteins showed 

a significant quantitative change in the protein fractions 
in RBC membrane from both kidney/liver recipients and 
related donors.

Analysis of erythrocyte membrane proteins in kidney 
recipients revealed a decrease in the main integral pro-

teins of the erythrocyte membrane – band 3 protein and 
glycophorin – by 24% and 25% before surgery relative to 
control values (Fig. 1). In the postoperative period, there 
was a further 60% decrease in band 3 protein levels at 
day 7 after surgery relative to control values, followed by 
a gradual recovery to control values. By day 7, spectrin 
and glycophorin levels also decreased by 34% and 58%, 
respectively, relative to control values, after which the 
reduced spectrin level remained stable for two months 
postoperatively, and glycophorin – for the entire follow-
up period.

Related kidney donors showed a 50% decrease in 
spectrin levels, a 65% decrease in band 3 protein by 
month 2 of the postoperative period, and a 78% increase 
in actin by month 1 relative to control (Fig. 2). At month 
7 after surgery, protein composition of membranes was 
restored to control values.
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Fig. 3. Dynamics of protein composition of RBC membranes in liver transplant recipients

Comparison of erythrocyte protein composition be-
tween kidney recipient and donor groups revealed dif-
ferences in the dynamics of spectrin, band 3 protein and 
glycophorin at all registration points until month 2 after 
surgery (p < 0.05), indicating more pronounced changes 
in recipients’ RBC protein composition.

The study of erythrocyte membrane in liver transplant 
recipients revealed a significant decrease in glycopho-
rin levels before and after surgery for 2 months with a 
maximum 72% decrease by day 7 after surgery relative 
to control values (Fig. 3). On day 7 after surgery, there 
was an 80% decrease in band 3 protein, and by month 1, 
there was a 66% decrease in band 3 protein and a 25% 
decrease in spectrin levels relative to the control. By 
the end of the study, the protein spectrum was restored 
to control.

In the related liver fragment donors, changes in the 
protein composition were detected only with respect 
to glycophorin content by month 1 of follow-up (65% 

decrease) and actin, whose levels increased by 49%. 
The levels of the other fractions were maintained at the 
control values (Fig. 4).

Comparison of concentrations of protein fractions 
of erythrocyte membranes in liver recipients and do-
nors revealed significant differences in spectrin levels at 
month 1 after surgery, band 3 protein at day 7 and month 
1 after surgery and glycophorin at day 7 and month 2 
after surgery (p < 0.05).

Thus, in the postoperative period we observed 
changes in both peripheral and integral proteins of the 
erythrocyte membrane, combined with changes in func-
tional indicators of erythrocytes: RBC electrophoretic 
mobility – an indicator reflecting cell surface charge 
and erythrocyte aggregation properties. It was shown 
that in kidney transplant recipients, RBC electropho-
retic mobility significantly decreased in the period up to 
the second month after surgery (Fig. 5). Kidney donors 
had decreased RBC electrophoretic mobility between 

Fig. 4. Dynamics of protein composition of RBC membranes in related liver donors
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Fig. 5. Dynamics of changes in RBC electrophoretic mobility 
in kidney transplant recipients

Fig. 6. Dynamics of change in RBC electrophoretic mobility 
in related kidney donors

Fig. 7. Dynamics of RBC aggregation in kidney transplant 
recipients

Fig. 8. Dynamics of RBC aggregation in related kidney do-
nors

months 1 and 2 after surgery (Fig. 6). RBC electropho-
retic mobility was restored after month 2. The study 
of erythrocyte aggregation properties revealed an in-
crease in erythrocyte aggregation in kidney transplant 
recipients, which is consistent with a decrease in RBC 
electrophoretic mobility in this patient cohort (Fig. 7). 
No significant change in aggregation was observed in 
related kidney donors (Fig. 8).

Liver recipients had decreased RBC electrophoretic 
mobility during the first month after surgery (Fig. 9). In 
related liver fragment donors, there was decreased RBC 
electrophoretic mobility at day 30 after surgery (Fig. 10). 
A significant increase in erythrocyte aggregation up to 
1 month was shown in liver recipients (Fig. 11). No sig-
nificant changes in the studied index were observed in 
related liver fragment donors (Fig. 12).

diScuSSiOn
It is known that structural changes in erythrocyte 

membranes in pathological processes play a crucial role 
in the functional activity of cells. In this pilot study, we 
have shown that changes in the protein composition of 
the membrane had an influence on RBC electronega-
tivity and RBC aggregation in recipients, and on RBC 
electronegativity in liver and kidney donors. It should be 
noted that reperfusion injury, which is associated with 
microcirculatory disorders and cell aggregation, is a ma-
jor complication of transplantation [18].

Results show that liver and kidney recipients, as well 
as related donors had unidirectional dynamics in the form 
of decreased number of integral proteins. Moreover, in 
recipients, changes in integral protein, glycophorin, were 
registered before surgery and persisted in the postopera-
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Fig. 10. Dynamics of changes in RBC electrophoretic mobil-
ity in related liver donors

Fig. 9. Dynamics of changes in RBC electrophoretic mobility 
in liver transplant recipients

tive period. Given the high correlation of RBC electro-
phoretic mobility with deviation of glycophorin and band 
3 protein, we can assume that the above dynamics of 
changes in the level of these membrane proteins is one of 
the leading factors determining the change in RBC mem-
brane electronegativity. For instance, it is known that 
band 3 and glycophorin proteins belong to sialoglyco-
proteins and strongly promote the creation of a negative 
surface charge [19, 20]. Surface charge modification can 
promote erythrocyte aggregation, but is not the underly-
ing factor, which proves the identified decrease in RBC 
electrophoretic mobility and the absence of aggregation 
in the donors of the studied groups.

The change in aggregation appears to be of a more 
complex nature and depends on multiple interactions be-
tween both integral and peripheral proteins. Cytoskeleton 
proteins, which determine membrane plasticity, may act 

as significant factors in the aggregation process: when 
spectrin levels fall, there is reduced ankyrin binding sites 
and membrane surface viscosity [21]. Probably, the band 
3 protein contributes in a way to such characteristics as 
erythrocyte plasticity and aggregation. Thus, the cyto-
plasmic region of band 3 protein has binding sites for a 
number of glycolysis enzymes [22], decreased glycoly-
sis activity reduces ATP concentration, Na+/K+-ATPase 
activity and erythrocyte plasticity [23]. Inhibition of 
Na+/K+-ATPase activity leads to increased intracellular 
Ca2+ levels [24]. Accumulation of Ca2+ ions activates 
calmodulin, which determines the growth of erythrocyte 
aggregation [22, 25].

Thus, the totality of results obtained indicates that 
in the process of erythrocyte aggregation in liver/kid-
ney recipients, structural and functional disorders, de-
termined by spectrin, band 3 protein and glycophorin, 

Fig. 11. Dynamics of RBC aggregation in liver transplant 
recipients

Fig. 12: Dynamics of RBC aggregation in related kidney 
donors
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are significant factors. Analysis of the dynamics of the 
protein composition of donor erythrocytes show that 
increased actin levels restrain an increase in erythrocyte 
aggregation.

cOncluSiOn
During organ transplantation, in particular liver and 

kidney, the protein structure of erythrocyte membranes 
undergoes damage, expressed both in the recipient and 
in the related donor. This can initiate a decrease in eryth-
rocyte electronegativity and an increase in erythrocyte 
aggregation.
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inTrOducTiOn
Despite the joined effort of hundreds of researchers to 

improve the rate of organ donation, there has only been 
a slight increase in donation rates in the UK averaging 
at 2% growth rate annually (NHS, 2019b) [1].

Organ donation decision is extremely complex.  
It invokes countless beliefs, symbols, sentiments, and 
emotions as well as numerous rituals and social practi-
ces. A meta-analysis Feeley and Moon (2009) [2] and Li 
et al. in (2015) [3] showed weak performance and low 
effect size for those interventions, likely caused by the 
extensive emotional reactions organ donation triggers 
(Miller, Currie, & O’carroll, 2018) [4] that can influence 
information processing (Handley & Lassiter, 2002) [5] 
and communication (Stefanelli & Seidl, 2017) [6]. When 
asked about barrier to organ donation, participants usu-
ally respond with familiar notions triggered intuitively 
(Greene & Haidt, 2002) [7]. Religion, fear of death and “I 
don’t know much about it” are, unsurprisingly, the most 
common barriers reported in qualitative studies. Most 
interventions to increase donation rate are based on the 
main modifiable barrier reported in literature, which is 
knowledge and information. We propose, however, that 
people have heterogenous views about organ donation, 
an amalgam of different components jumbled together 
to shape the attitude.

Subjective perception to barriers to donation have not 
been fully explored in organ donation. Literature sug-
gests that what is considered as a barrier might act as a 
motivator depending on individual subjective perception. 
This study uses Q methodology to identify how people 
in UK perceive barrier to organ donation and how such 
perception creates distinctive views. Views on organ 
donation further our understanding of barriers against 
organ donation and inform behavioural interventions to 
produce more targeted and effective approaches.

maTerialS and meThOdS
To investigate attitudes towards deceased organ dona-

tion in people residing temporarily or permanently in UK 
for six months or longer, we conducted a Q methodology 
study. Q methodology combines the strengths of both 
qualitative and quantitative research practises and al-
lows for a systematic investigation of human subjectivity 
(McKeown & Thomas, 2013) [8]. It is neither a survey 
nor an interview. The sample size for Q methodology 
studies is small and “does not need large numbers of 
subjects as does survey analysis” (Smith, 2001) [9]. It 
is especially suitable for research with “many, potenti-
ally complex and contested answers” (Watts & Stenner, 
2005) [10]. In Q methodology research, attitudes re-
present “prototypical exemplars” (Valenta & Wigger, 



97

ORGAN DONATION

1997) [11] rather than disconnected, non-overlapping 
ideas with cut-off points such opposite to the attitudes 
presented in the current literature.

In a Q study, participants are presented with a set 
of statements around the area of study. Participants are 
then asked to rank those statements according to their 
agreement with each statement on a quasi-normal grid. 
Q methodology is completed through several stages 
(Fig. 1). The first step is to create a concourse. A con-
course refers to the collection of all discussions around 
the topic (Stephenson, 1980) [12]. This includes state-
ments made around the topic of organ donation collected 
from existing literature (interviews and surveys), social 
media contents, essays, publications, and any other sour-
ce related to the issue.

Initially, 224 statements were collected to account for 
all possible views, statements and opinions around the 
topic (Stephenson, 1980) [12]. A comprehensive litera-
ture review using several databases was the major source 
of these statements, complemented by Google searches 
and informal conversations to enrich the collection of 
concourses beyond the published. Statements from social 
media, like Facebook comments, YouTube videos, blogs, 
and NHS (National Health Services in the UK) websites 
were collected. Concourse statements were structured 
into 8 themes: religion, body, death, healthcare, know-
ledge, awareness, recipient, and others.

The statements were then reduced to a manageable-
sized list to form the Q set, 47 statements representing 
barriers and motivators falling under all themes. The 
participants sample in Q methodology, the P set; was 
strategically selected (Brown, 1980) [13]. P set does 
not represent the population, it represents the varie-
ty of views in a population, thus the sample size in Q 
methodology is smaller than that of a survey, and it is 
generalisable in representing the variety in population. 
Data collected from 40 participants recruited through 
snowball sampling strategy, aged between 19–64 years’ 
old (45% female and 55% male). A conscious effort was 
put to ensure that participants hold different religions 
and cultural origins. Data were collected online on qme-
thodsoftware.com.

Participants were provided with instructions to ar-
range the statements from +5 (similar to what I think) 
to –5 (opposite to what I think) with the zero column 
representing statements that (do not concern me) (Brown, 
1980) [13]. The grid distributions forces participants to 
rank statements from 2 statements per column on ends to 
7 statements at the middle. The resulting outcome is the 
Q sort, a genuine ‘operationalised’ representations of per-
sonal point of views (McKeown & Thomas, 2013) [8].

reSulTS
Q sorts resulted in 7 factors initially. We used Pearson 

correlation for this study and opted for Varimax rotation 
and centroid method for analysis. This is followed by 
creating factors arrays, which represent a hypothetical 
Q sort that loads perfectly onto a factor. Kaiser-Guttman 
criteria, Humphrey’s Rule and Scree Test were used to re-
duce the number of factors into distinguishable attitudes 
to facilitate interpretations. We found three factors that 
satisfy all three criteria used for factor extraction, those 
three factors account for 31 participants and explain 39% 
of total variance (Table 1).

Factors’ Interpretation. Factor interpretation was 
carried out using the “crib  sheet” method (Watts & 
Stenner, 2012) [14] to ensure systematic and holistic 
approach in the interpretation process. The crib sheet 
lists the two statements at each end (on location +5 and 
–5) then lists the statements ranked the lowest and the 
highest by that factor. The support factor interpretation 
and comparison between factors.

factor interpretation
The interpretation is conducted by applying abductive 

strategy in interpretation. By the end of interpretation, 
we created a qualitative account each viewpoint, a story 
to describe each viewpoint comprehensively.

Factor 1 – I want to know more; Factor 1 explains 
11% of variance in the study. Eight people loaded sig-
nificantly on this factor (Table 2). Only participant is 
registered as an organ donor (Fig. 2).

Fig. 1. Q Methodology Stages
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Table 1
Statements and Factor Arrays

Statement Factor 1 Factor 2 Factor 3
1 – I believe my religion does not allow it –2 –1 0
2 – I think rich or famous people can receive organs before the people with the most need –1 –2 2
3 – I do not think I have ever thought about it –2 1 1
4 – I think the process of registration is complicated 0 –2 –1
5 – I think anyone can register and be a donor even if old or have a disease 0 1 2

6 – I think there is no special need for organs for Asian, African, and Middle Eastern groups –3 –3 –2

7 – I think giving out organs to save someone’s life is a noble act 4 4 5
8 – I think doctors might not do their best to save someone’s life if they know they are on the 
Organ Donor Register 1 –3 –4

9 – I think I am too old to donate –4 –2 –3
10 – I believe I will be haunted if I donate –4 0 –2
11 – I think it is non-religious to take organs –5 –1 0
12 – I do not know anyone who donated an organ 5 –2 4
13 – I believe there is a great need for organs especially in minority groups 2 1 3
14 – Brain death is confusing to me, but I think experts know better 1 2 2
15 – I feel I cannot decide to donate because I do not know all the facts 5 3 –1
16 – I believe transplantation results are successful and they are improving people’s health 3 5 5
17 – If someone religious says it is not allowed, then I will not do it –3 1 –5
18 – I feel talking about death and after life is important to appreciate our lives 0 3 3
19 – I think doctors will prematurely declare my death If I am a donor just so they can 
harvest my organs 0 –4 –2

20 – It feels scary to donate, but once I pass that emotional hurdle, I feel better about myself 1 3 2

21 – I believe the human body is not a machine –1 –1 0
22 – I think brain dead people can regain consciousness 1 0 1
23 – I thought about registering as a donor but I never did 2 5 1
24 – I do not want doctors or the healthcare system to be in control of my organs 3 –5 0
25 – When someone asks me to register to donate, it feels like he is waiting for my death to 
get my organs –2 –5 –1

26 – I trust the donation system to be fair –1 4 3
27 – I do not mind organ donation but my family disagree 0 0 0
28 – I trust doctors and nurses to always provide the best care they can 2 4 4
29 – I think people exaggerate on the importance of the whole organ donation subject 0 –3 –1
30 – I think people who have medical conditions cannot donate 4 –1 1
31 – I feel I have no responsibility towards anyone else –1 –4 –3
32 – I think transplant recipients do not live more than 10 years after a transplant operation 2 –1 0
33 – People on the waiting lists are ill and I believe they need my help 1 2 4
34 – I believe donated organs can be bought and sold –1 –3 1
35 – I might feel easy to donate because my family encourages me to donate –2 1 2
36 – I believe the present need for transplant organs is fully covered –3 –2 –3
37 – I believe people would not need transplants if they took better care of their health 4 –4 –4
38 – I do not mind donating some organs, but not my heart or eye –1 2 0
39 – I believe organs are a gift from god, we are not allowed to give them away –5 0 –5
40 – No matter how hard it is to think about organ donations, it makes me feel good about 
myself 2 2 3

41 – I do not think I have the courage to donate 0 3 –2
42 – I think it is just easier to say no than to think about it 3 1 –4
43 – I think my religion encourages organ donation in order save other people’s lives –3 2 –1
44 – I do not mind donating when I am alive, not when I am dead –2 0 –3
45 – I want to be cremated and if I donated organs, I cannot do that –4 –1 –1
46 – Talking about death is creepy 1 0 –2
47 – I think I am not dead if my heart is still beating 3 0 1
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People on this factor value information and hold 
themselves responsible for seeking information to make 
better decisions for themselves. They show a positive 
view on the success of transplantation procedures. They 
also have good information on the registration process, 
but they show a misunderstanding on the donation cri-
teria. They tend to stay rational and in control of their 
emotional attachments with their bodies keep the religion 
influence on their decisions to minimum, their religion 
is personal reflects a positive relationship with their re-
ligions, however, they do not tend to follow religious 
leaders.

The pattern of barriers in this factor shows that both 
religious and non-religious individual may share similar 
views. It also shows that the mechanic view of the body 

may not be related to non-religious views. Our analysis 
shows that knowledge is not an abstract term, and edu-
cational campaigns targeting this view may prioritise 
targeting certain themes (such as eligibility criteria and 
the reasons for organ failures) over other aspect.

Factor 2: I need inspiration & I will never do it; Fac-
tor 2 explains 12% of variance in the study. Eight people 
loaded significantly on this factor (Table 3). None of 
them is registered as an organ donor. Three out of eight 
are loaded negatively on this factor, thus; interpretation 
will be divided into two halves, one for the positively loa-
ded participants and then for the negatively loaded ones.

Factor 2-A: I need inspiration, People on this factor 
show a high level of trust in healthcare professionals and 
they extend this trust to the harvesting and allocation 
systems as well (Fig. 3).

People who loaded positively on this factor show 
a high level of trust1. They trust the healthcare pro-
fessionals2 and extend this trust to the harvesting and 
allocation system as well3. This trust acts as the main 
motivator for people loading positively on this factor. 
People loading on this factor show spiritual connections 
with religion4 and with their body5.however, they do not 
perceive religion as a barrier to donation6.

1 Statement 16 – I believe transplantation results are successful and they are improving people’s health is on +5 rank, 26 – I trust the donation 
system to be fair and 28 – I trust doctors and nurses to always provide the best care they can on +4 highest among factors.
2 Statements 24 – I don’t want doctors or the healthcare system to be in control of my organs and 25 – When someone asks me to register 
to donate, it feels like he is waiting for my death to get my organs both on –5 and distinguishing statements for this factor, 19 – I think 
doctors will prematurely declare my death If I am a donor just so they can harvest my organs on –4 and distinguishing factor as well and 
8 – I think doctors might not do their best to save someone’s life if they know they are on the Organ Donor Register on –3 both are lowest 
among factors.
3 Statement 34 – I believe donated organs can be bought and sold on –3 a distinguishing statement and 2 – I think rich or famous people can 
receive organs before the people with the most need on –2 rank and lowest among factors.
4 Statement 43 – I think my religion encourages organ donation in order save other people’s lives on +2 and 17 – If someone religious says 
it is not allowed, then I will not do it on +1, both are distinguishing statements.
5 Statement 38 – I do not mind donating some organs, but not my heart or eye on +2 and distinguishing statement and 21 – I believe the 
human body is not a machine on –2 and the highest among factors.
6 Statement 17 – If someone religious says it is not allowed, then I will not do it is on +1 and a distinguishing statement, statement 11 – I 
think it is non-religious to take organs and 1 – I believe my religion does not allow it on –1, and 39 – I believe organs are a gift from God, 
we are not allowed to give them away a distinguishing statement on 0.

–5 –4 –3 –2 –1 0 1 2 3 4 5
39 9 17 44 31 19 8 32 42 37 15
11 10 36 25 38 41 46 23 24 30 12

45 6 1 21 29 22 13 47 7
43 3 34 4 20 40 16

35 2 27 14 28
26 5 33

18

Fig. 2. Factor 1 Array

Table 2
Sorts Weights on F1

Q Sort Weight Gender Age Education Socio-Economic 
Class Ethnicity Religion Years 

in UK Donor

I6205 10 M 27 Mid Mid Asian (Nepalese) N/A 2 No
I4585 5.49 M 33 Mid Mid Middle East British Atheist 3 No
I4584 5.30 F 26 Mid Mid Netherlands Atheist 4 No
I5931 4.10 F 19 Low Mid White American Christian 2 No
I4609 4 M 25 Mid Mid White Ukrainian Atheist 16 Yes
I4652 4 F 36 Mid Mid Middle East Muslim 2 No
I6018 3.89 M 34 Mid Mid African Christian 3 No
I4572 –6.89 M 22 Mid Mid Indian Sikh 2 No
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They exhibit a significant fear from the process of 
organ donation7. Several statements show how consis-
tent this group of people in expressing their fear from 
donating organs and their hesitancy to register. That fear 
seems to be crippling, and it might be the main barrier 
against donation8. However, positive views from their 
family and friends may help alleviate such fear9.

Knowledge on brain death is not the main drive for 
the attitude, for people loading on this factor (both po-
sitively and negatively), related statements lie in the 
middle region of the grid, indicating these statements 
are irrelevant to the decision to donate10. Most knowledge 
related statements were ranked in the middle area of the 

grid (–2 to +2) indicating that these statements are not 
extremely relevant to their views on organ donation11.

People loaded positively on this factor demonstrate a 
trustworthy view of the healthcare system and healthcare 
providers. They show a spiritual view of the body despite 
a generally positive view on organ donation. They also 
show brain death knowledge is not relevant to them and 
religion may or may not hold negative to organ donation 
but that does not seem to be the main drive for their at-
titude. Fear and emotional distress play a major role for 
people loaded positively on this factor. Despite a great 
trust in the healthcare system, they appear to be hesitant 
to take a positive step towards organ donation.

This pattern of barriers shows that messages on reli-
gious view on organ donation or myth busting campaigns 
on brain death may not be relevant. It is the irrational fear 
that plays the major role regardless of any information 
they may hold on organ donation.

Factor 2-B: I will never do it, this group represents the 
people who loaded negatively in Factor 2 (Table 3). Peo-
ple in this group, contrary to the group loaded positively 
on this factor; show a great mistrust in the healthcare 
system represented by healthcare providers and alloca-
tion system. They largely show an extreme negative view 

Table 3
Sorts Weights on F2

Q Sort Weight Gender Age Education Socio-Economic 
Class Ethnicity Religion Years 

in UK Donor

4567 5.18 F 46 Low Low White American Christian 12 No
4616 3.98 M 29 Mid Mid White European Atheist 2 No
5897 5.97 F 22 Low Low White European N/A 5 No
6263 5.73 F 52 Low Mid White Australian Christian 25 No
6291 7.9 F 56 Mid Mid Chinese Taoism 7 No
4586 –8.66 F 26 Mid Mid Chinese Malaysian Christian 7 No
6216 –10.3 M 40 Mid Mid Latino Christian 3 No
4648 –13.74 M 25 Mid Mid White European Christian 10 No

7 Statement 23 – I thought about registering as a donor but I never did is on +5 and a distinguishing statement for this factor, 41 – I don’t 
think I have the courage to donate and 20 – It feels scary to donate, but once I pass that emotional hurdle, I feel better about myself, and 
15 – I feel I cannot decide to donate because I don’t know all the facts, all on +3 and are distinguishing statements as well, and 40 – No 
matter how hard it is to think about organ donations, it makes me feel good about myself on +2 as well as 42 – I think it is just easier to say 
no than to think about it on +1 and a distinguishing statement.
8 Statement 20 – It feels scary to donate, but once I pass that emotional hurdle, I feel better about myself a distinguishing statement and 
scored the highest among factors and Statement 41 – I do not think I have the courage to donate scored the highest among factors and both 
statements are on +3.
9 Statement 35 – I might feel easy to donate because my family encourages me to donate on +1.
10 Statement 44 – I do not mind donating when I am alive, not when I am dead a distinguishing statement, 47 – I think I am not dead if my 
heart is still beating, the lowest among factors and 22 – I think brain dead people can regain consciousness, the lowest among factors, all 
on 0.
11 They ranked 13 – I believe there is a great need for organs especially in minority groups on +1, 36 – I believe the present need for trans-
plant organs is fully covered on –2 and 6 – I think there is no special need for organs for Asian, African, and Middle Eastern groups on –3. 
Regarding the registration process, transplantation results and eligibility criteria, they ranked statement 4 – I think the process of registra-
tion is complicated on –2, statement 32 – I think transplant recipients do not live more than 10 years after a transplant operation on –1 and 
statement 30 – I think people who have medical conditions cannot donate on –1 as a distinguishing statement and 9 – I think I am too old 
to donate on –2.

–5 –4 –3 –2 –1 0 1 2 3 4 5
25 31 6 9 11 39 17 43 41 26 23
24 19 34 36 45 10 3 38 18 28 16

37 29 2 1 44 35 14 20 7
8 4 21 27 5 33 15

12 32 46 13 40
30 22 42

47

Fig. 3. Factor 2 Array
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on organ donation. They may or may not have enough 
knowledge about registration process, brain death or al-
location system, but they certainly have strong negative 
attitude towards it.

This group of people seems to be determined in their 
decision regarding organ donation. Their mind is set po-
tentially from death anxiety, poor knowledge or by organ 
donation scandals in different countries. Behavioural in-
terventions on this group of people seems futile. Further 
examinations of their views might uncover individual 

reasons for those views. Either way, behavioural changes 
on this group require individualised and long-term cam-
paigns to alter the negative views which might exhaust 
the limited resources for such interventions.

As a group, they correlate reasonably high with each 
other. Moreover, Factor 2 is closer to Factor 3 than to 
Factor 1.

Factor 3: It is a good deed, Factor 3 explains 16% of 
variance in the study. Fifteen people loaded significantly 
on this factor (Table 4). Four of them are registered as 
organ donors (Fig. 4).

People on this factor view organ donation as a noble 
act12 and they are willing to fight their own fear to help 
those who are ill and in need of those organs13. Their 
fear does not stem from death anxiety or mistrust in 
the healthcare system. They show trust in healthcare 
providers14, while recognising possible corruption in the 
allocation system15. They are motivated by their res-
ponsibility towards others without assigning any blame 
towards those who fall ill16. Popole loaded on this factor 

Table 4
Sorts Weights on F3

Q Sort Weight Gender Age Education Socio-Economic 
Class Ethnicity Religion Years 

in UK Donor

4526 6.22 F 27 Mid Mid Middle East Muslim 3 No
4527 4.40 F 26 Mid Mid Middle East Christian 1 No
4565 5.42 F 34 Low Low African Atheist 4 No
4583 5.15 M 38 Mid Mid Indian Hindu 13 No
4606 3.611 M 46 low High Indian British Sikh 46 No
4607 3.76 F 56 Mid Mid White British COE 56 No
4633 4.45 M 30 Mid Low Indian Hindu 2 No
4658 5.43 F 37 Mid Mid White British Christian 37 Yes
4725 6.144 M 35 Mid Mid White European Agnostic 11 Yes
4726 6.56 M 25 Mid Mid White European Atheist 7 No
5839 4.26 M 27 Mid High Middle East British Muslim 12 No
5850 3.91 F 53 Low Mid White British COE 53 Yes
6271 44.25 F 24 Mid Low White European Atheist 5 No
6277 5.04 M 47 Mid Mid Indian British Buddhist 47 Yes
4570 –4.14 M 47 Low Mid Middle East British Atheist 20 No

–5 –4 –3 –2 –1 0 1 2 3 4 5
25 31 6 9 11 39 17 43 41 26 23
24 19 34 36 45 10 3 38 18 28 16

37 29 2 1 44 35 14 20 7
8 4 21 27 5 33 15

12 32 46 13 40
30 22 42

47

Fig. 4. Factor 3 Array

12 Statement 7 – I think giving out organs to save someone’s life is a noble act on +5.
13 Statement 33 – People on the waiting lists are ill and I believe they need my help on +4 and a distinguishing statement for this factor, 
40 – No matter how hard it is to think about organ donations, it makes me feel good about myself on +3 and the highest among all factors, 
and 20 – It feels scary to donate, but once I pass that emotional hurdle, I feel better about myself on +2. Statement 46 – Talking about death 
is creepy on –2 a distinguishing statement and lowest among all factors and 42 – I think it is just easier to say no than to think about it on –4 
as a distinguishing statement and the lowest among all factors as well.
14 Statement 28 – I trust doctors and nurses to always provide the best care they can on +4, 8 – I think doctors might not do their best to save 
someone’s life if they know they are on the Organ Donor Register on –4 and higher among all factors, 14 – Brain death is confusing to me, 
but I think experts know better on +2 and highest among all factors.
15 Statement 2 – I think rich or famous people can receive organs before the people with the most need on +2, 34 – I believe donated organs 
can be bought and sold on +1 and 19 – I think doctors will prematurely declare my death If I am a donor just so they can harvest my organs 
on –2 all are distinguishing statements for this factor.
16 Statement 31 – I feel I have no responsibility towards anyone else on –3 and the lowest among all factors and statement 37 – I believe 
people would not need transplants if they took better care of their health on –4.
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shares a more mechanical view and they do not perceive 
religion to be a barrier to organ donation17.

The awareness level in this group is high18 with a con-
siderable knowledge about organ donation registration 
criteria19. This awareness is mixed with a certain level 
of misinformation especially in information related to 
brain death20. Although they show some comfort with 
their knowledge level, and they do not perceive is as a 
barrier against becoming a donor21.

As a group, the Q sorts loading on this factor do not 
correlate with each other, and they load reasonably high 
on their factor. This indicates that participants loading 
on Factor 3 have a homogenous view on organ donation. 
Moreover, Factor 3 is closer to Factor 1 than to Factor 2.

Consensus Statements, Consensus statements are 
statements with similar Z scores across factors. In this 
study, there were six statements that were consensus 
among all three factors (Table 5). Three out of the six 
statements are related to the general and special need of 
organs for minority groups. It signifies the relative awa-
reness in the need for organ donation, possibly, brought 
about by the active campaigns related to the new change 
in law in organ donation from opt-in to opt-out system. 
These results suggest that future campaigns can afford 
to shift their focus on issues other than awareness.

Another consensus statement was statement 9 – I 
think I am too old to donate, it implies a that age as a 
criterion for donation is not a major concern for partici-
pants, even for older participants, however, other criteria 
such as medical conditions as an eligibility criterion to 
donate was important to highlight especially in Factor 1.

The last statement that surprisingly, all factors agreed 
upon is statement 27 – I do not mind organ donation but 
my family disagree on rank 0, and it was non-significant 
even at P > 0.05. This results contradicts existing lite-
rature that used the Theory of Reasoned Action where 
subjective norm (a function of normative beliefs) is af-
fected by perceptions of specific salient others’ prefe-
rences about behaviour (Ryan & Carr, 2010) [15]. Many 
campaigns to support organ donation focused on im-
proving family approval of their loved one’s decision to 
donate, our study suggests that is not a significant barrier 
against donation.

diScuSSiOn
Behavioural Intervention Insights, identifying 

three factors (four viewpoints), each with distinguishing 
combination of barriers and motivators suggests that 
campaigns with “one size fits all” strategy are ineffective 
and inefficient. Building on our analysis, we uncovered 

17 Statement 39 – I believe organs are a gift from god, we are not allowed to give them away and 17 – If someone religious says it is not 
allowed, then I will not do it which is distinguishing statement for this factor, both on –5, 11 – I think it is non-religious to take organs, 43 – I 
think my religion encourages organ donation in order save other people’s lives on –1 and a distinguishing statement and 1 – I believe my 
religion does not allow it on 0.
18 Statement 13 – I believe there is a great need for organs especially in minority groups on +3, 6 – I think there is no special need for organs 
for Asian, African, and Middle Eastern groups on –2 and 36 – I believe the present need for transplant organs is fully covered on –3.
19 Statement 5 – I think anyone can register and be a donor even if old or have a disease on +2 a distinguishing statement for this group, 
9 – I think I am too old to donate on –3; registration process, 4 – I think the process of registration is complicated on –1 and transplantation 
results, 16 – I believe transplantation results are successful and they are improving people’s health on +5.
20 Statement 30 – I think people who have medical conditions cannot donate and 47 – I think I am not dead if my heart is still beating both 
on +1 and are distinguishing statements, and 22 – I think brain dead people can regain consciousness on +1.
21 Statement 15 – I feel I cannot decide to donate because I do not know all the facts on –1 as a distinguishing statement.

Table 5
Consensus Statements

Statement F1 F2 F3
Rank Z Score Rank Z Score Rank Z Score

Those That Do Not Distinguish Between ANY Pair of Factors
All Listed Statements are Non-Significant at P > 0.01, and Those Flagged with an * are also Non-Significant at P > 0.05)

6 – I think there is no special need for organs for Asian, African, and 
Middle Eastern groups* –3 –0.947 –3 –0.995 –2 –0.746

9 – I think I am too old to donate –4 –1.47 –2 –0.89 –3 –1.02
13 – I believe there is a great need for organs especially in minority 
groups 2 0.955 1 0.58 3 1.06

27 – I do not mind organ donation but my family disagree* 0 –0.095 0 0.087 0 –0.211
36 – I believe the present need for transplant organs is fully covered* –3 –1.171 –2 –0.827 –3 –1.022
40 – No matter how hard it is to think about organ donations, it makes 
me feel good about myself* 2 0.911 2 0.773 3 1.064
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insights on potentially effective intervention design for 
each factor.

Factor 1, The hallmark for this factor is a thirst for 
knowledge and information with perceived lack of know-
ledge. For this factor, behavioural change campaigns 
should focus on providing detailed information about or-
gan donation. However, information should not focus on 
need (S15/+5), but rather on information about eligibility 
criteria and brain death. Eligibility criteria might exclude 
people suffering from certain diseases but not necessarily 
age (S9/–4). For example, campaigns should focus on 
the fact that you can still register and even donate even 
if you have an illness (S30/+4). The eligibility criteria 
on NHS website which enlists very few diseases that 
excludes donation, they are Creutzfeldt-Jakob Disease 
(CJD), Ebola virus disease, Active cancer, and HIV. One 
can donate organs even if they have had cancer (but not 
active) or even if they cannot donate blood.

Another important part of information is brain death. 
Campaigns should focus on the fact that brain death is 
irreversible, and the patient cannot regain conscious-
ness (S22/+1) (NHS, 2019a) [16] using preferably expert 
opinion (S14/+1). Campaigns should also focus on the 
diagnostic criteria of brain death and shows that strict 
measures for brain death diagnosis eliminates the risk 
of misdiagnosis.

The campaigns message for this group should stay 
away from religious messages, family agreement, and 
easy registration process (although this does not apply 
top UK anymore with the opt-out system). One effect 
about opt-out system however, that is important to this 
group, it is important to highlight that despite the opt-out 
system, a potential donor will not be forced to donate or-
gans. No organ will be harvested without the permission 
of the family, thus, the decision to donate is still held by 
the hands of the person (S24/+3) as participant 4586 ex-
plains “If I die and then doctors ask my family for my 
organs, may be my mother would be so sad she will say 
no, I want to give her that chance, to say no”. Messages 
here should encourage to communicate decision to the 
family if one wants to be a donor.

Q methodology analysis for this factor show that 
knowledge is categorical, and the level of knowledge is 
irrelevant to the perception of knowledge level. People 
may perceive their knowledge level to be low despite 
potentially scoring well in a survey for knowledge level. 
It shows how perception is at the core of behavioural 
barrier to organ donation. That is a similar case for re-
ligion. People may hold different religions with similar 
views and vice versa. To address knowledge perception, 
interventions that are founded on self-efficacy theory can 
be most relevant to this group.

Factor 2, the hallmark of this factor is the hesita-
tion and anxiety. For this factor, behavioural change 
campaigns should focus on real-life stories that inspire 

others to become a donor. However, campaigns messa-
ges should avoid evoking images of “wasted organs” 
(S38/+2) but rather visuals playing a nice emotional tune 
that fills the heart with warmth. Examples of emotionally 
stimulating have been implemented globally and in the 
UK (NHS, 2019c; Nicholas, 2017) [17, 18].

The campaigns message for this group should focus 
on emotionally attractive messages to encourage people 
to overcome their fear and decide to become an organ 
donor, especially promoting organ donation as a selfless 
noble act that will help save or improve people’s lives. 
Messages involve positive religious views and religious 
leaders advocating for organ donation might be impact-
ful. Campaigns promoting sharing decision with family 
might be helpful as well, especially if the family holds 
positive views as that would help ease the tension when 
it comes to considering donating.

This group shows anxiety as the main barrier to dona-
tion. Consistently, they show a great emotional reaction 
throughout the array. For this group, Terror Management 
Theory may be the most effective theory to be used in 
behavioural interventions. A study used this theory to 
alter organ donation behaviour showed that misconcep-
tions mediate the relationship between death thoughts 
and organ donation intention, this study supports that 
finding and shows people loaded on this factor perceive 
their information on organ donation to be insufficient. 
Interventions to address the hesitancy and death anxiety 
in this groups should promote organ donation as a selfless 
noble act that will help save or improve people’s lives.

Factor 3, The hallmark of this factor is the need for 
a cue for action suggesting that interventions based on 
Immediacy Theory may be most effective for this group. 
For this factor, behavioural campaigns should focus on 
providing information about allocation system and the 
laws that prevents unethical management of organs, this 
also includes highlighting if there are financial rewards 
for the donors, the nationality and race of the donors if 
possible. Complete transparency in the organ donation 
data on both ends; donation and transplantation are es-
sential for this factor (S2/+2 and S34/+1). Other medical 
information regarding brain death definition is important 
too (S14/+2, S47/+1 and S30/+1).

The campaigns message for this group should main-
tain the organ donation is a selfless act (S7/+5) offering 
the gift of life (NHS, 2020) and improving the life of 
people in need, picturing donors as hero and asserting 
organ donation as the ultimate charitable act especially 
at certain holidays like Christmas and Eid (NHS, 2019a) 
[16]. this suggests that Self-Affirmation Theory by em-
phasising their roles as givers and their values such as 
selflessness to be effective for this group. Campaigns 
however should avoid religiously motivated messages 
and avoid awareness about the need for the organs as 
well (S13/+3 and S36/–3).
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cOncluSiOn
There is a chronic and severe shortage of donated 

organs in UK (NHS, 2018) [19] and a valid argument 
to a continuously increased demand (Cheetham et al., 
2016; Jox, Assadi, & Marckmann, 2015) [20, 21]. There 
is a complex net of social, religious, and psychological 
barriers against organ donation, in addition to a potential 
lack of knowledge and awareness and a history of mist-
rust in the medical profession. Designing more effective 
interventions is crucial to increase donated organs.

We examined viewpoints on organ donation using 
Q methodology. Our results show four distinctive vie-
wpoints. We make no claim to generalise the results for 
general population, instead, Q methodology examine 
the variations of views in the population. Our research 
suggests that people with different viewpoints are influ-
enced by different behavioural change strategies, and we 
predict that interventions designed with these factors in 
mind will produce better outcomes than “one-size-fits-
all” strategy.

Our data suggests that busting myths and improving 
knowledge level about organ donation is more effective 
for people loading on Factor 1, people loading on all 
other factors may benefit from different strategies that 
are seldom applied in focused and strategic ways. Mo-
reover, the consensus statement on family agreement 
on rank zero implies that participants do not consider 
family disagreement as a barrier which contradicts the 
fundamental theoretical idea of theory of planned beha-
viour that is commonly used in the organ donation field. 
Taken together, the results indicate that there are many 
folds on the viewpoints about organ donation that we 
need to unfold. Further research should be conducted 
to assess the prevalence of each factor and experiments 
to validate the conclusions on the effective behavioural 
intervention designs.

The authors declare no conflict of interest.
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inTrOducTiOn
In the current century, significant advances in pro-

viding health care services have shifted the pattern of 
disease to non-contagious diseases. These advances have 
led to an increase in life expectancy, life span, followed 
by the spread of chronic diseases and organ failure [1]. 
Iran is one of the 23 countries with a high burden of 
these diseases and low and middle income [2]. Organ 
transplantation is the best treatment for patients with 
end-stage organ failure. However, the demand for trans-
planting organs does not match the supply of living and 
deceased donors [3]. The lack of organs for transplan-
tation is one of the major problems worldwide [4]. This 
deficiency is much more severe among Black and Asian 
societies than in European ones [5]. The unavailability of 
the donated organ is a global concern, as in most cases, 
this donation takes place when a person is brain dead [6]. 
Obviously, deceased donors cannot meet the growing 
demand, especially for organs such as the kidneys, and 
their families may not even be consent to organ donation 

[7]. For this reason, voluntary organ donation attracted 
the attention of living people all over the world, including 
Iran. This donation can include organ donation during the 
wellbeing period and voluntary consent to donate organs 
after death by receiving an organ donation card [8].

Dong et al. (2011) stated that the transplantation of 
living organs has more benefits. For example, the liver 
is an organ that possesses the capacity to regenerate. 
In particular, after transplantation of a living organ, 
the donor and recipient’s liver regrow and regenerate 
to complete organs. In terms of survival and transplant 
rejection, transplantation of living organs is better than 
that of dead organs [9].

Regardless of the benefits of living organ donation to 
the recipient, living donors may experience many positi-
ve and negative implications after donating an organ. For 
example, a recent literature review about these implica-
tions on living liver and kidney donors has shown that 
generally, they feel optimistic about the organ donation 
experience and are not regretful. They have a high level 
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of health related quality of life (HRQOL) [10, 11]. Some 
other studies have suggested that a considerable number 
of living donors experience psychosocial problems after 
donation. For example, one study found an increase in 
detectable psychiatric disorders among one in four living 
donors, including cases without a history of pre-donation 
disorders. In this analysis, at most one-third of donors 
reported poor health conditions or significantly got wor-
se than before the donation, and persistent fatigue and 
pain were relatively common complaints [10]. Others 
agree on considering the potential benefits of donating 
to living kidney donors. They agreed that organ donation 
candidates should be aware of the risks and benefits of 
donation despite the confirmation of guidelines; there is, 
unfortunately, no scientific evidence on the benefits of 
live donation [12, 13]. However, some studies showed 
that the experience after transplantation, the same as a 
new chronic condition, leads to an uncertainty about the 
future and affects life accommodation [14].

Despite the growing number of living donors, few 
qualitative studies measured the implications of organ 
donation. The present study examined the positive and 
negative implications of organ donation from partici-
pants’ perspectives in southeastern Iran’s cultural con-
text, using a qualitative approach and in-depth analysis 
of the phenomenon from the standpoint of living donors 
regarding the high frequency of organ donations in this 
region. It directs the community’s policies toward de-
scribing potential risks and enhancing its benefits for 
potential donors when making informed decisions and 
informed consent.

maTerialS and meThOdS
Study design and setting

A qualitative approach of contractual content analysis 
was used to explain organ donation’s impact on living 
donors, applying purposive sampling of living organ 
donors in the southeastern part of Iran. In the present 
study, samples were referred to the organ donation cen-
ter, Kidney and Bone Marrow Donation Commission in 
Afzalipour hospital, and Kidney Donation Association. 
The interview place, chosen by participants, was cozy 
and comfortable so that people safe during the interview 
(hospital, private home, park, nursing school, etc.).

Participants
In the present study, a total of 20 participants, inclu-

ding 16 organ donors, one member from the family of 
the donor, one organ recipient, one surgeon from the 
Organ Donation Commission, and one psychologist, 
were studied. Nine of the donors participating in the 
study included kidney donors, five were non-related (for 
sale), and four were related (not for sale). Four of them 
had bone marrow donations, one non-related (for sale) 

and three related (not for sale), and the remaining three 
donors, who were related (not for sale), donated a portion 
of the liver.

data collection
The collected data analysis determined the number of 

participants; sampling continued without any restrictions 
until all levels and codes were saturated and completed. 
Proper communication was established between catego-
ries. The first author conducted interviews. However, all 
the researchers reviewed the interviews like an outside 
supervisor. After each interview, the researchers studied 
the interviews, identified the interview’s strengths and 
weaknesses, and reviewed the items considered in the 
following interview. According to the written reminders, 
the proposed questions required researchers to refer to 
two participants for the interview during the analysis 
of the interviews. Two interviews were conducted with 
participants 2 and 1. Researchers conducted a total of 
22 interviews with 20 participants. The interview ques-
tions centered on the implications of organ donation 
in living donors. First, the interview started with open 
questions like “Would you mind sharing your experience 
of positive and negative implications of the organ dona-
tion you did?”, then a follow-up question was asked to 
clarify the concept. The interview took 45–90 minutes. 
At the end of the interview, participants were given the 
interviewer’s mobile phone number and asked to discuss 
any issues with the interviewer if they remembered any 
of the implications of organ donation and the possibility 
of further interviews. Finally, participants were appre-
ciated with a small gift.

analysis
Data collection and analysis were performed simulta-

neously. The MAXQDA.12 used to facilitate organizati-
on and comparison of the data. The transcription of each 
interview was reviewed several times. The qualitative 
data content analysis process was performed according 
to the method proposed by Graneheim and Lundman, 
including writing the entire interview, reading the enti-
re text of interviews several times to achieve a general 
understanding of its content and immersion in the data, 
determining semantic units and summarizing them, ext-
racting the primary codes, classifying the similar primary 
codes under the same subcategories, classifying similar 
codes under more comprehensive categories, extracting 
latent and manifest concepts from the data, and formu-
lating the final themes [15]. To this end, after prepa-
ring the transcriptions, each text was reviewed several 
times. Later, the semantic units were identified based 
on the research questions and appropriate codes were 
written for each semantic unit. As shown in Table 1, the 
preliminary codes were categorized and labeled based 
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on their conceptual similarity (subcategories). The sub-
categories were compared and placed under the main 
categories, which were more abstract (categories). The 
main categories were categorized under a more abstract 
concept (theme). All extracted codes and categories were 
reviewed and approved by the second and fifth authors 
of this study. The initial extracted codes were reduced 
by continuous data analysis and comparison; finally, the 
categories and subcategories were abstracted. Lincoln 
and Guba criteria (credibility, dependability, confirma-
bility, and transferability) were used to ensure The data 
trustworthiness [16]. To ensure the results credibility, 
participants were asked to confirm the extracted codes 
from the interview and resolve the contents on demand 
(member check). Data-source triangulation from inter-
views with family caregivers with variety in relationship 
with patient, ethnicity and religion established credibili-
ty. Regarding confirmability of the findings, all texts of 
the interviews, codes, and categories were reviewed and 
confirmed by the second, third, and fifth authors of this 
study (peer check) as well as a faculty member outside 
the research area (faculty check). To ensure the dependa-
bility of the results, all stages of the study were recorded. 
Participants were selected by maximum variation sam-
pling in terms of ethnicity, level of education, religion, 
economic status, relation to the patient, and social class, 
which enhanced the transferability of the study.

ethics approval and consent  
to participate

To observe ethical considerations, the researcher 
asked participants to complete the informed consent 
form, and before starting the interview, they were allo-
wed to record audio and take notes. They were assured 
all demographic information would remain confidential. 
After the final report, the audio files would be removed, 
and, if desired, they could obtain the audio file of the 
interview from the researcher and be informed of the 
overall results. Participants were reassured that they 
were free to leave the study at any stage of the study. 
The Ethics Committee of Kerman University of Medical 
Sciences approved this study with the code of IR.KMU.
REC.1398.222.

reSulTS
A total of 20 participants, including 16 organ donors, 

one donor family member, one organ recipient, a surgeon 
member of the donation commission, and a psychologist 
included in the present study. Participants were in the 
26–58 age range. Table 1 displays other participants’ 
features including gender, marital status, education le-
vel, age, etc. Based on the participants’ statements about 
organ donation implications, we extracted 721 codes, 
20 subcategories, six main categories, and two themes 

(Table 2). Table 3 also shows the narrations of the par-
ticipants according to the subcategories.

Positive implications of Organ donation
The Peace of Mind

The first major category of positive implications was 
living donor’s “peace of mind”. Based on a thorough 
analysis of interviews with living donors, this category 
includes the subcategories of “Donor’s Sense of calm 
and Satisfaction”, “Satisfaction of donor’s Spiritual 
Needs”, “Improvement of donor’s Economic status”, 
and “Donor’s Adaptation and acceptance and his family 
with a donation”.

Donor’s Sense of Tranquilization and Satisfaction: 
This subcategory was more evident in related donors. 
Participants felt disburdened after donating, thus lea-
ding to peace of mind and happiness. Some participants 
considered donation an honor and never regret it. They 
stated that their family members pay attention to them 
more than before, which leads to strengthening their 
relationship and finally their satisfaction.

Satisfaction of donor’s Spiritual Needs: Donating 
an organ is a humanitarian and God-pleasing act and can 
save the lives of patients who need organs or transplan-
ted tissues due to having various diseases. Hence, some 
participants showed great interest in filling the form of 
transplant cards. Participants described it God-pleasing 
act and anticipated a reward in the other world. Some 
of the participants who donated the organ for charitable 
purposes stated that they felt light, disburdened, and 
satisfied.

Improvement of donor’s Economic Status: Due to 
the economic plight governing the society, selling the or-
gans in towns has increased. We see Organ For Sale Ads 
distributed in social networks beside urban graffiti. Im-
proving the donor’s economic state is what some donors 
consider as a positive consequence of organ donation.

Donor’s Adaptation and acceptance with a dona-
tion: When a person steps into the process of acquiring 
a new identity, he or she may anticipate and experience 
many challenges and concerns along the way. What 
awareness the donor face or what reaction their family 
member show facilitates the acceptance. In this regard, 
we have seen better acceptance and adaptation in related 
donor families and non-related donor families who did 
this great job to save their family’s lives.

The present study showed that most related donors 
felt satisfied, peace of mind, acceptance, and adaptation, 
but non-related donors did not feel them. However, im-
proving the economic state was seen more in non-related 
donors in the early days due to receiving money from 
the receivers; and in the long term, due to compensating 
for the hard-working and suffering of patient’s family 
by the receivers in related donors. Spiritual needs of 
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both non-related and related donors of kidney and bone 
marrow were satisfied.

Donor’s Fundamental Strength
The second major category of positive implications 

of organ donation, in living donors, is the fundamental 
strength of the donor. This main category includes three 
subcategories of donor’s “Paying more attention to life”, 
“Taking more care of the physical condition”, and “Re-
sistance against the difficulties”.

Paying more attention to life: This is the first and 
most leading subcategories. Evidence has shown that 
those who experience life-threatening diseases appre-
ciate the renewed life.

Taking more care of physical condition: Because 
these people once experienced illness and transplantati-
on, they prefer to take more care and pay more attention 

to their physical condition so that they do not get sick 
again. Post-donation self-control and self-care are po-
sitive aspects.

Resistance against the difficulties: A number of do-
nors believed, it is normal to have troubles, unhappiness, 
and failures in our lives. Problems and inconveniences 
arise in people’s lives and are not specific to one person. 
When people face problems and losses, they have to 
solve them to the best of their abilities. Life has its ups 
and downs and is not always meant to be. Sometimes the 
hardships and misfortunes grow and evolve us. This in-
creases capacity, patience, and forbearance. Both related 
and non-related donors of kidney, liver, and bone marrow 
experienced these subcategories. They were more intense 
in related donors.

Table 1
Participants demographic characteristics

Row Gender Age Education Econo-
mic state

Marital 
status

Donation Period Donation state Relation 
with recipient

1 Female 30 Bachelor’s 
Degree average single kidney 1 year not for sale (related) sister

2 Male 35 Master’s poor single kidney 1 year not for sale (related) brother
3 Female 33 Diploma poor others kidney 5 years for sale (non-related) non-related

4 Female 27 Bachelor’s 
Degree good single kidney 5 months not for sale (related) sister

5 Female 43 Master’s good others bone 
marrow 8 months not for sale  

(humanitarian aids) non-related

6 Male 45 Diploma good married bone 
marrow 4 months not for sale (related) father

7 Male 28 Diploma poor single bone 
marrow 2 years for sale ads (non-related) non-related

8 Male 36 Bachelor’s 
Degree poor married kidney 6 years for sale by organ donation 

association (non-related) non-related

9 Female 35 illiterate poor married kidney 10 years not for sale (related) mother

10 Male 38 Bachelor’s 
Degree average married liver 2 years not for sale (related) father

11 Male 32 Diploma good others liver 1 year not for sale (related) mother

12 Male 40 Diploma average single kidney 5 years for sale by organ donation 
association (non-related) non-related

13 Male 56 Bachelor’s 
Degree average married kidney 15 years for sale by organ donation 

association (non-related) non-related

14 Female 29 Master’s good single liver 11 months not for sale (related) sister

15 Male 40 Diploma average others kidney 7 years for sale by organ donation 
association (non-related) non-related

16 Female 46 Diploma good married bone 
marrow 1 year not for sale (related) mother

17 Male 56 Super-
specialized good married – – – Surgeon

18 Female 38 PhD good married – – – psychologist

19 Female 34 Diploma poor married – – – donor’s family 
member

20 Male 26 Bachelor’s 
Degree average single – – – recipient



109

ORGAN DONATION

Table 2
Theme, Categories and subcategories extracted from the data

Theme Main category Subcategory

Positive consequences 
of organ donation

Peace of mind

Donor’s sense of tranquilization and satisfaction
Satisfaction of donor’s Spiritual Needs
Improvement of donor’s Economic status
Donor’s Adaptation and with a donation

Fundamental strength
Taking more care of the physical condition
Paying more attention to life
Strengthening the donor against the difficulties

Recipient’s achievements

Recipient’s Mental state Improvement
Recipient’s more attention to life
Reducing the time limits of disease
Recipient’s More Accomplishments in life

Negative consequences 
of organ donation

Physical suffering Change in the donor’s body image
Physical effects on the donor

Damaged interaction
The emotional gap in married life
Threats and the collapse of intimacy
Chaos and differences in relationships

Abandonment

Donor’s psychological disorders
Donor’s Fear of the unknown future
Regret for the decision to donate
Economic, social, educational collapse on the donor

Table 3
Examples of quotes from study participants

Subcategories Participant Narratives

Donor’s Sense of 
Tranquilization 
and Satisfaction

“We were all happy after the donation. I had a strange feeling after donating my kidney, as if I was 
feeling peace and calm. I was feeling on top of the world. I had never experienced it before. “It was a 
calm after a storm.” (P1).
“I feel intimate with my partner more than before, Elahe tells me that she feels a piece of my organ in 
her body, and she is into me. I am not regretful; It was the best decision I had ever made. I talk about it 
with honor.” (P4).

Satisfaction of 
donor’s Spiritual 
Needs

“By doing so, I proved to myself and my children that this world is transient and hereafter is important, 
and God gives me a hand. I felt I took one of thousand responsibilities God assigned me.” (P5).
“In our religion, just as taking the life of a human being is highly condemned, giving life to people is 
also highly valued. I strongly believe in this expression. By doing so, I feel released from concerns of 
daily life” (P6).

Improvement 
of donor’s 
Economic Status

“I could clear my debts. At least I did not feel ashamed in front of my family. I did not have any mental 
concern” (P15).
“I could run a business, it was not so profitable, but I am happy with it.” (P7).

Donor’s 
Adaptation and 
acceptance with a 
donation

“Before making this decision, I was anticipating these days, so I tried to deal with the issue of living 
with one kidney, so that this issue would not be challenging for me in the future, and thank God, My 
family and I accepted this issue, and I cope with it easily.” (P4).
“I sold my kidneys in a tough situation and my wife supported me greatly. Even after the donation, she 
paid more attention to me physically and mentally; I feel better and better. As she accepted this matter, 
I could deal with it.” (P15).

Paying more 
attention to life

“Sometimes I find this event a flip, believe it or not, I don’t waste my times after donating, and I plan 
for every moment of life” (P14).

Taking more 
care of physical 
condition

“I am careful of my about healthy nutrition and safety. For example, in the fall, I will get the influenza 
vaccine. Thank God I did not face any problem.” (P8).
“My sister and I are much more careful about our health than before. We strengthen ourselves. We try 
to stay far away from someone who has an infectious disease because now our body system is more 
vulnerable.” (P4).

Resistance 
against the 
difficulties

“Now I do not make life hard as I did before and am not greedy for many things. I don’t get tired with 
any difficulty. I am extremely patient now”. (P11).
“I stand on my own feet now. I think I will be able to cope with many problems alone, either 
economically or psychologically and …”. (P12).
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Subcategories Participant Narratives

Recipient’s 
Mental state 
Improvement

“I remember exactly a few days after the donation, that his mental state had improved. He was no 
longer sad. I never imagined that he would get better quickly and get out of his loneliness.” (P2).
“I saw my patient’s wellness. They were no longer as frustrated and depressed as they were during the 
disease period”, said the psychologist. (P18).

Recipient’s More 
Accomplishments 
in life

“My sister has won a place in chess and tennis and even won a medal. She is very successful at work 
as well.” (P1).
“I promised that if I returned to normal life, I would work hard and be able to compensate for my 
family’s attempts”, said one of the participants, who was a recipient and related donor (P20)

Recipient’s more 
attention to life

A related participant who is close to the recipient stated: “When he talks to relatives and 
acquaintances, he advises them not to waste their life and appreciate it. He keeps repeating these 
words at home.” (P16).
the experience of the organ recipient was as follows: “I no longer need to follow a strict diet, I am 
more active, more outgoing, now I feel like I live like other people.” (P20).

Changes in the 
body image

“Now, when I see the scar on my body, I feel bad. In the early days, I felt malformed, and I was upset. 
Or if someone saw my scars, I would tell them that I fell and wounded.” (P15).
“I think because I am different financially and physically from the others, it has caused me to lose my 
self-confidence.” (P8).
“I think I am entirely different from others. This weakens my morale. I feel a change in people’s 
behavior to me. Is it a true feeling, or I became crazy?” (P3).

Physical 
Complications

“Although I underwent transplantation long ago, sometimes I feel pain on my scar; I went to the 
doctor several times, had a general examination and sonography, and finally told me that you have no 
problem, another doctor told me that it could be caused by damage and you have to put up with it.” 
(P10).
“Evidence has shown that patients undergoing kidney transplantation may have long-term 
complications such as high blood pressure, diabetes, etc.”, the participant surgeon said. “Therefore, 
they should be monitored for a long time and given the necessary training.” (P17).
“When I researched the complications of kidney donation, I got information about the risk of death, 
not about the physical damage.” (P 9).

The emotional 
gap in married 
life

“After the operation, my wife distance herself from me. She did not express her feelings at all. She did 
not say anything. Later, I found out that she was under the care of a urologist and she is physically 
malformed.” I turned the blind eye. I was damaged emotionally.” (P19).

Chaos and 
differences in 
relationships

“Every time I dispute with my wife, she blames this as my weakness. It makes me even more nervous. 
We were on the verge of getting divorced once.” (P13).
“My wife did not have the slightest idea of my donation when she found out, e had conflicts and 
dispute. I am regretful. Although I am happy with this act, I would consult my wife if I returned.” 
(P15).
“I objected because I did not want my husband to be defective and a friend and acquaintance would 
tease me. Although I turn a blind eye, I blame him sometimes (P19).

The threat of 
intimacy

“I lost my favorite girl because I told a lie to her about it. At first, I thought she would get angry and 
come back, but she left me forever. So sometimes I say, ‘I wish I had not done it’ Now I think I cannot 
start a family.” (P12).

Fear of the future

“I’m afraid of any possible problem in the future because I am a man and I have to work. If I get 
exhausted, my family do nothing”, said one participant. (P12).
“Before making a decision, I did not think about the future at all, I thought only about the present, I 
wanted to make those conditions better, but now after a few years, I am regretful. I know I was under 
a lot of pressure at the time, and I really could not make the right decision, I could not collect the 
correct information because I did not have much time.” (P3).

Economic, social, 
and educational 
collapse

“The tests and visits were costly for me because I was not insured. Unfortunately, the recovery process 
took a long time because of the extreme stress I had. I am the head of my family.” (P9).
“I did not attend the classes for a while due to the situation at home, my sister’s illness, and the 
decision I made for the donation. I was excluded from the class because of my frequent absence. I got 
fired from a part-time job due to troubles we go into.” (P4).

Mental disorders

“After the operation, I was completely depressed. I am no longer as happy as before. I am not hopeful 
for life. I just got better. The first few months after I had severe depression, I was targetless. I used to 
go mountain climbing and travel, but now I don’t even like to attend family events.” (P13).
the psychologist believed: “Donors are not physically monitored, except for some alarming cases. 
Psychological symptoms are like flames in the ashes, which, if not constantly monitored, can lead to 
more severe mental disorders.” (P18).

End of Table 3
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Recipient’s achievements
The last category of positive implications of organ 

donation in living donors was the achievements of the 
recipient. Because we used theoretical sampling, our 
participants included organ recipients, psychologists, and 
donor families. In the present study, most participants 
were related donors, regularly interacted with the recipi-
ent, and saw the implications of organ donation clearly in 
him, so this main category was elicitated from their con-
versations. It includes four subcategories of “Recipient’s 
Mental state Improvement”, “Recipient’s More Accom-
plishments in life”, “Recipient’s more attention to life”, 
and “Time constraints reduction of diseases”.

Recipient’s Mental state Improvement: Recipients 
experience lots of pressure and stress due to enduring 
the disease’s stressful conditions and involving family 
members in similar situations. Thus, it causes severe 
psychological problems. Related donors, friends, rela-
tives, co-workers, psychologists, and even the recipient 
believed in improving the mental state after the operation 
was successful. The psychologist participating in the 
study also agreed with the patient’s family members.

Recipient’s More Accomplishments in life: Most 
organ recipients became successful in various life areas 
after the transplantation. The reason for their belief in 
working hard in life is to compensate for the wasted time.

Recipient’s more attention to life: Another subca-
tegory of recipient achievements is the recipient’s more 
attention to life, which was also the case with organ 
donors.

Reducing the time limits of disease: During the ill-
ness, we hear about restrictions on diet, physical, recrea-
tional, and social activity in interviews with the patient 
and his relatives. These restrictions greatly affected the 
patient and those around him. Organ transplants signifi-
cantly reduced the limitations of the disease.

negative implications  
of Organ donation

Despite the positive implications of living organ do-
nation, participants believed that the other side of the 
spectrum was dark. It is clear that the expansion of li-
ving organ donation, like any other phenomenon in the 
treatment system, along with undeniable achievements, 
has undesirable implications. The negative implications 
of organ donation include “donor’s physical suffering”, 
“damaged interactions” and “Donor abandonment”.

Donor’s physical suffering: The first category of 
perceived negative implications of living-organ donation 
is donor’s physical suffering, which includes two subca-
tegories of “Changes in the body image” and “Physical 
effects”.

Changes in the body image: Many participants 
believed that organ donation caused them unforeseen 

physical experiences. This mental image results from 
sensory perceptions over the years, social interactions 
with other people, and responses. The body image chan-
ges with the gradual body change over the years. Any 
change in the body image of the body seriously distur-
bs the balance of the person. These changes can result 
from disease, accidents, or evolutionary changes in the 
body’s structures and function. People are distressed by 
the slightest change in appearance or bodily functions. 
Significant changes can be devastating. Some people 
express their feelings easily and freely in such cases, 
but others even refuse to look or touch the area. Some 
people are so preoccupied with a change in their body’s 
mental image that they become depressed or resort to 
self-destructive behaviors.

Physical Complications: Participants believed that 
organ donation caused unpredictable physical compli-
cations for them. In this regard, doctors in this study 
pointed to the unforeseen short-term and long-term com-
plications of organ donation.

damaged interactions
The second category associated with perceived nega-

tive implications is damaged interactions, which included 
three subcategories of the emotional gap in married life, 
intimacy threats, conflict, and turmoil in the relationship. 
This category was more common in non-related donors.

The emotional gap in married life: Participants 
believed that organ donation caused an emotional gap 
following marital dissatisfaction in their lives.

Chaos and differences in relationships: Some do-
nors had donated organs without consulting them due to 
the possible opposition against donations by the family. 
When their family learned this issue, implications such as 
chaos, quarrels, and disputes would arise. Family mem-
bers of some patients saw organ donation as a defect 
in organs and a factor in labeling others, which they 
believed caused family members to be embarrassed by 
friends and acquaintances.

The threat of intimacy: Loss of intimacy and close-
ness between family members, especially spouses, was 
an important implication of organ donation.

Abandonment: The third category was related to the 
negative implications of organ donation in living donors. 
This category was elicited from the participants’ state-
ments. They stated that there was no monitoring after the 
donation, including three subcategories of “occurrence 
of psychological problems in the donor”, “fear of the 
future”, “regret for donating”, and “the economic, social 
and educational collapse”.

Fear of the future: Most participants with different 
intensities expericed fear of the future. This fear was 
more prevalent among non-related donors. It was evident 
in related donors whose transplant was rejected but was 
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more accepted by the related donors, arguing that the 
transplant would be done to save the life of their beloved 
ones and they acted resorting to God. A small number 
of organ donors regretted the decision sometime after 
the organ donation. They believed that the decision was 
made in a critical situation and alone; perhaps a safer 
decision would have been made if there was enough time.

Economic, social, and educational collapse: Ano-
ther subcategory was donor abandonment after the do-
nation that was more evident in related donors. Partici-
pants believed that no insurance covered their costs, and 
they were completely ignored after the donation in many 
ways, which disrupted their lives after the donation. This 
was more evident in poor donors.

Mental disorders: Several participants believed that 
they experienced different symptoms after donating an 
organ. These symptoms were more severe in non-related 
donors, while the related donors, except in cases of for-
cible donation (lack of time to find a suitable donor, 
physician’s recommendation due to multiple rejections 
of recipient’s transplantation) did not have symptoms. 
Psychologists believe that donors get mental disorders 
after organ donation due to lack of monitoring and sud-
den abandonment.

diScuSSiOn
The present study aimed to investigate living do-

nors’ experiences and views about the implications of 
organ donation. One of the positive implications of 
organ donation from the participant’s perspective was 
“donor’s peace of mind”. In this regard, Rasmussen et 
al. Stated that donors experienced a sense of tranquility 
and reduced anxiety after donation. The donation has 
strengthened their relationship, caused a positive change, 
dynamism, and fortified the whole family [17]. These 
donors believe that the pleasure of seeing the recipient’s 
everyday life compensates for the donor’s adverse expe-
riences, besides the appreciation by the recipient’s family 
and constant respect from others makes the donors feel 
proud and privileged [18–20]. In contrast, some donors 
express dissatisfaction that their recipient does not ap-
preciate them [21].

In the present study, many related donors described 
the donation as an honor and believed that they would not 
be regretful in the future. Donors consider the increased 
attention and care of other family members to improve 
relationships and their satisfaction. From the spiritual 
perspective, recent studies consistent with the present 
study have shown that this decision has philosophical 
or spiritual nature and strengthens spiritual beliefs [17, 
19, 22]. From an economic point of view, although some 
studies report financial problems after organ donation 
[23–25], others suggest the improvement of the eco-
nomic state. In this regard, a qualitative study showed 

the recipient’s back to work and a decrease in donor’s 
responsibility [17].

However, related donors had difficulties in making a 
living. They had financial problems due to the prolonged 
recovery period after donation, the cost of surgery and 
tests, and even job loss. After recovery, they became 
motivated to return to life; thus, their economic state 
improved (with more intensity in the related liver and 
kidney donors). On the other hand, the improvement of 
economic state was evident in the non-related donors in 
the first days of donation, after receiving financial assis-
tance from the recipient’s family. In this category, we saw 
donors’ acceptance and adaptations. They accepted the 
possibility of danger in the future and did so by trusting 
in God. In another study, donors decided that they would 
live with the implications, no matter what happens to 
them, and that the donor’s risk and implications would 
be acceptable to them with the prospect of improving 
the recipient’s life. The donor was adapted to it mentally 
and physically [18].

The second category for positive outcomes was 
donor’s “fundamental strengthening” and was more ex-
perienced in related donors. Previous studies, consistent 
with the present study, have shown that donation caused a 
change in donor’s viewpoints to life [26], increased self-
esteem [19], personal growth [27], feelings of success 
and pride [28, 29]. They felt no physical difference [26, 
28, 30]. According to a qualitative study, donors believed 
that donation led donors to pay greater attention to their 
physical condition, independence, improved social life, 
and return to normal by related donors [17]. In contrast, 
in our study, most related donors noted that donation was 
a turning point in their lives. Most donors returned to life 
at an even higher level than the pre-donation period. The 
opposite was true for some non-related donors.

The last category was the positive implications of 
organ donation, the “achievements of the recipient”, and 
was more intense in recipients who received organs from 
a related donor than those who received it from a non-
related donor. However, some studies have negatively 
described the overall experience of donating. They show-
ed that some recipients experienced stress, symptoms 
of depression, or anxiety, reported to occur despite the 
desired medical outcome [21, 29]. It can result from 
stress, adaptation and effects of steroids, so it affects 
their relationships. These recipients said that despite the 
successful transplantation, they did not feel stronger or 
better due to comorbidities such as diabetes and thought 
that they wasted the donor’s effort and kidneys so that 
the donor and other family members blamed him [21]. 
Another study reported the significant effect of transplan-
tation on health for both the recipient and his family [30]. 
Rasmussen’s qualitative study addressed the ending up 
of limitations (dialysis, diet, and reduced impact on the 
family), returning recipient to full-time work, handling 
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more tasks and responsibilities, and then reducing the 
care and financial burden of the donor as well as the 
recipient’s potential to participate in activities such as 
hanging out with friends, eating out, and gaining inde-
pendence. The present study stated that the donor’s and 
recipient’s lives had excelled to a higher level than before 
the operation (routine) [17]. Organ recipients had great 
success in various areas of life after the transplantation. 
Most of them agreed on compensating for the wasted 
time resulting from their diseases and all efforts of their 
family and donor.

Negative Implications: The first category of negative 
implications of organ donation is “physical suffering”, 
which was equally evident in all donors. Other studies 
have shown that common concerns of liver donors inclu-
de bloating, shrinking of the Muscle tone [11], fatigue 
[11, 20], abdominal pain, back pain, or interfering pain 
[20]. In contrast, kidney donors showed an increased 
risk of gestational hypertension or preeclampsia after 
donation compared to non-donors [31–33]. Another stu-
dy showed that body image-related concerns were low 
in kidney donors [34] but evident in liver donors [11].

The second emerging category of negative implica-
tions is “damaged interactions”. The items mentioned 
in the present study were primarily experienced in non-
related donors and men. This category was manifested 
in sexual and emotional disorders and even chaos in 
living donors’ normal relationships. However, previous 
studies have shown that even some related donors ex-
perienced increased family relationships and tensions, 
even years after donation [18, 29, 35]. It was not evident 
in related donors due to family intimacy and informed 
pre-donation decisions. Some studies suggested that the 
relationship between donor and recipient has remained 
constant or even sometimes improved [19, 28, 30]. Hal-
pern et al. confirmed that sexual dysfunction is common 
among living kidney donors [21, 36]. Other studies have 
shown that related donors who donate their organs to 
spouses describe an improvement in their marital rela-
tionship resulting from the donation. Participants were 
closer to their partners and reported that kidney donation 
strengthened their relationships and family [17, 21]. Di 
Martini et al. showed a positive change in relationships 
even after donating a living liver. In this study, marital, 
family, and recipient relationships were improved af-
ter donation, respectively [20]. This study’s results are 
inconsistent with those of the present study due to the 
kinship relationship between the donor and recipient.

The last category of the negative implications was 
“Donor abandonment.” A qualitative study showed that 
donors trusted physicians’ master to monitor their health 
and medical risks and appreciated medical follow-up. 
Donors believed that they felt safe and valued when the 
hospital followed up on their condition regularly [18]. 
Regarding follow-up, another study reported that most 

donors expressed satisfaction with the care received after 
medical follow-up, but some donors expressed frustra-
tion with unfulfilled expectations from health profes-
sionals [28]. Although the present study showed that 
participants trusted in physicians before donation, they 
mentioned that patients were left alone after donation. It 
leads to a physical defect, psychological disorders, fear 
of the future, and feelings of regret for the donation that 
affected other aspects of life, such as economic, social, 
and educational collapse. Other studies have shown that 
donors feel positive about the experience of organ dona-
tion and show little regret for donating [10, 11].

Furthermore, donors unanimously agreed on making 
such a decision again [19, 30]. In the study of Meyer et 
al., none of the participants regretted their decision [18]. 
Perhaps this difference results from non-related donors’ 
presence in the present study, which was mentioned as a 
study limitation in Meyer’s study. Some studies showed 
that many living donors experienced psychosocial prob-
lems after donation [10, 37, 38]. The present study sug-
gested that these problems were more common in women 
than in men, and so did Erim et al. in their studies [39].

In general, recent studies have emphasized the im-
portance of pre-and post-donation evaluation. The trans-
plantation team should pay attention to donors’ emotional 
state and quality of life, especially those with chronic 
diseases or poor perception [40].

Limitations: The present study had several limita-
tions based on which the implications should be inter-
preted. First, this study was conducted in southeastern 
Iran, so cultural beliefs, economic, and even educational 
problems in this region may cause difficulty in gene-
ralizing the results to the other areas. However, it was 
attempted to include participants with maximum diver-
sity of socio-cultural, work experience, and different 
educational levels, which has made the results of the 
study applicable widely in similar units. Second, the 
analysis was performed during the pandemic; only tho-
se whose recovery had long been passed and reached a 
stable condition were included in the study due to their 
high-risk conditions. Therefore, it is recommended to 
perform future studies on living donors, especially in 
the early days after transplantation and due to corona’s 
impact on their decision and other concerns.

cOncluSiOn
Based on the present study results, understanding the 

implications of organ donation is like a double-edged 
sword that can be interpreted positively or negatively 
from the donor’s perspective. In this study, the negati-
ve implications were primarily observed in non-related 
donors and those who decided under emergency condi-
tions, while the positive implications were observed in 
related donors who were close to the recipient and knew 
his problems. However, there were fewer negative and 
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positive implications in related and non-related donors, 
respectively. Commenting on this issue requires further 
studies on both groups of donors.
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inTrOducTiOn
At the turn of the 21st century, amid an unprecedented 

growth in scientific and technological progress, organ 
transplantation, having accumulated the latest achieve-
ments in surgery, resuscitation, immunology, pharma-
cology and other medical and biological sciences, has 
become part of the arsenal of many medical institutions, 
opening a new era in modern medicine. This is due to the 
fact that transplantation, on one hand, is the only radical 
treatment for a number of end-stage diseases of vital 
organs (kidneys, liver, heart, lungs, pancreas), allowing 
most patients to return to full activity. On the other hand, 
transplantology in medicine, as a multidisciplinary sci-
ence that raises practical healthcare to a new level, can 
be compared without exaggeration to astronautics in 
engineering. The level of development of transplantology 
reflects the level of development of medicine in a country 
or region and is an important indicator of a country’s 
economic well-being. In the Russian Federation, despite 
the annual positive dynamics in higher number of organ 
transplant surgeries, the need for donor organs dwarfs 
available transplant care [1]. In 2019, the number of de-

ceased donors in Russia was 5.14 per million population. 
This is the 48th deceased organ donation rate among all 
countries where organ transplant surgeries are officially 
allowed [2].

In the Republic of Tatarstan with a 3 million popu-
lation, 900,000 people annually require 206 kidney 
transplantations, 76 liver transplantations and 40 heart 
transplantations. Today, there are two organ transplant 
centers in the region, one (Republican Clinical Hospital) 
of which performs kidney and liver transplantation, and 
the other (Interregional Clinical and Diagnostic Cen-
ter) performs heart transplantation. In 2018, 32 organ 
transplants (8.2 per million population) were performed 
in Tatarstan. In 2019, there were 57 organ transplants 
(14.6 per million population). In 2020, 64 organ trans-
plants (16.4 per million population) were performed. For 
comparison, in the Russian Federation with a population 
of 146.8 million people in 2019, a total of 2,427 organ 
transplants (16.5 per million population) were performed 
[1]. Donor activity per population was 5.7 (23), 6.2 (24), 
and 6.9 (27) in 2018, 2019 and 2020 respectively. In 2019 
in Russia, it was 7.2 per million population (1062) [1]. 
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Fig. 1. Distribution of responses to the question: “Do you agree to become a posthumous organ donor (donate your organs to 
patients in need when you die)?” (in %, N = 880 people)

In 2018, 27 kidney transplants (6.9 per million) were 
performed. In 2019, we had 39 (10.0 per million). In 
2020, there were 40 (10.3 per million). In the Russian 
Federation in 2019 – 1,473 (10.0 per million population) 
[1]. The number of cadaveric kidney transplants and 
living-related donor transplants in 2018 were 8 and 19, 
respectively; it was 30 and 9 in 2019, 34 and 6 in 2020, 
respectively. In 2018, 4 liver transplants were performed 
(1.0 per million). In 2019, 14 (3.6 per million). In 2020, 
there were 20 (5.1 per million). In the Russian Federation 
in 2019, we had 584 (4.0 per million population) [1]. 
In 2018, 1 heart transplant was performed (0.3 per mil-
lion); 4 (1.0 per million) in 2019 and 4 (1.0 per million) 
in 2020. In the Russian Federation in 2019, there were 
335 (2.3 per million population) [1]. So, results from 
the last three years demonstrate that organ transplants 
in the Republic of Tatarstan are increasing, despite the 
severe epidemiological situation in 2020 due to the new 
coronavirus infection (COVID-19). However, the need 
for organ transplantation still exceeds the available trans-
plant care. The number of waitlisted candidates for organ 
transplantation continues to grow due to organ shortage.

Organ shortage in Russia is man-made. Low public 
awareness on the principles of how organ transplantation 
authorities function, lack of organized educational work 
and portrayal of transplant surgeons in a negative light 
by mass media have led to the fact that potential donor 
reserves are used extremely inefficiently [3, 4]. Despite 
the fact that “presumption of consent” is proclaimed in 
the country, 78% of Russians are not ready to become 
donors after death [5]. Analyzing the results obtained 
from different age groups, the authors note a more “be-
nevolent” willingness to become a donor among the 
younger generation as opposed to older respondents. In 
this context, the young generation of citizens who grew 
up in an era of easy access to information and brought 
up on the principles of voluntary activity may become 
potential target audience for promotion of organ donation 
as a socio-humanitarian phenomenon.

Proceeding from the foregoing, the objective of the 
present report is to study the position of young citizens 
of the Republic of Tatarstan concerning organ donation 

and transplantation, analyze their awareness and percep-
tion of donor transplants and potential willingness to 
become organ donors.

maTerialS and meThOdS
An anonymous sociological survey of 880 respon-

dents aged 18 to 35 years old in the Republic of Tatarstan 
was conducted in the period from January 1 till July 1, 
2021. An 11-question questionnaire was developed with 
the use of online service Google Forms. The survey was 
voluntary in nature and dealt with the issues of under-
standing the terminology, awareness and perception of 
donor transplants and potential willingness to become 
organ donors.

reSulTS
Among the respondents, 79.0% were females, and 

21.0% were males. With respect to Religious affiliation, 
33.5% where Muslims, 31.4% were Christians, 4.8% 
were supporters of Buddhism, Judaism and other reli-
gions, 25.1% were atheists, while 5.2% were agnostics, 
who do not deny the existence of God, but are not ad-
herents of any religion. Theoretically, having a medical 
education should probably have a positive effect on a 
citizen’s attitude towards transplantation. In this regard, 
we decided to find out the nature of the respondents’ 
education. It turned out that 65.8% were not related 
to medicine, 8.5% had higher medical education, and 
25.7% were studying at a medical university or college.

Among the respondents, 71.5% had a clear under-
standing of the term “organ donation”, 27.4% were not 
sure of their understanding, 1.1% did not have a clear un-
derstanding. About 56.8% considered the issue of organ 
donation for transplantation in the Republic of Tatarstan 
as a pressing matter, 3.5% did not see it that way, while 
39.7% found it difficult to answer.

From our point of view, it is especially interesting 
that the overwhelming majority of respondents support 
post-mortem organ donation. After death, 35.9% would 
agree to become donors, 39.5% probably would agree, 
9.3% probably would disagree, 5.6% strongly disagrees, 
9.7% found it difficult to answer (Fig. 1).
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Fig. 2. Distribution of responses to the question: “Write 1 to 3 first associations that come to mind when you hear about organ 
donation” (up to 3 answer options, N = 880 people)

At the same time, 9.9% of the respondents argued 
why they were unwilling to donate their organs to an-
other person: 6.9% were unwilling due to their religious 
beliefs, and 3.0% could not explain their unwillingness. 
Among other reasons, 0.7% cited their low awareness 
of the issue, and 0.7% said they were afraid of criminal 
death. About 0.45% of young Tatarstan respondents had 
not thought about death and its consequences, 0.34% 
were worried about their relatives.

At first sight, physicians, due to the specifics of their 
education, should be more confident about the problem. 
However, analysis shows that there is no significant qual-
itative difference between the answers of respondents 
with and without medical education.

The topic of organ donation, due to its close connec-
tion with death, is of great interest to the media, journal-
ists, film and television show directors. On this basis, one 
of the questions of the questionnaire was formulated as 
follows: “When you hear about organ donation, what 
kind of information do you most often receive?” Neutral 
information was received by 49.7%, positive informa-
tion by 30.3%, negative information by 15.5%, and no 
information on this topic by 4.5% of respondents. Among 
the notes, our attention was drawn to the comment: “I 
don’t receive any information on Russia, only from other 
countries.”

When compiling the questionnaire, we allowed re-
spondents to suggest several options on how to raise 
public awareness of organ donation issues. So, 69.5% 
noted the need to publish cases of successful transplants 
in Russia; 68.4% suggested meeting real patients in need 
of organ transplantation, 51.1% proposed involving 
transplant surgeons in open discussion of the problem, 
45.1% preferred engaging popular bloggers and opinion 
leaders, 45.1% proposed developing publishing educa-
tional video clips and materials, while 32.0% went with 
the view that religious leaders and religious associations 
should be involved in the discussion of the problem.

At the end of the questionnaire, we asked respondents 
to name the first 1 to 3 associations they could think of 
about organ donation. Analysis of the results showed 
that young people in most cases have positive associa-
tions with organ donation: 34.5% associate it with “life”, 
25.1% with “help”, and 22.0% with “lifeline” (Fig. 2).

diScuSSiOn
Despite the fact that the majority of respondents iden-

tify themselves as belonging to a particular religious 
denomination, religion has almost no influence on the 
position regarding organ donation among today’s youth. 
At the same time, 32.0% of the respondents supported the 
idea of involving religious associations in the discussion 
of the problem. This indicates expediency of potential 
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cooperation with religious organizations in the issue of 
popularizing organ donation.

In our opinion, the lack of increased involvement of 
people with medical education in the problem of dona-
tion is ambiguous. Despite the dominant positive atti-
tude toward the problem, unfortunately, myths about the 
criminal nature of organ donation are widespread among 
“medics” as well as among “non-medics”. In our opin-
ion, this requires modernizing medical education with 
compulsory inclusion of the discipline “Basics of trans-
plantology and organ donation” in the curriculums of 
medical universities [6]. On one hand, this will increase 
the level of professional skills of the graduates, and, on 
the other hand, it will give impetus to the development 
of transplantology not only in megacities, but also in 
Russian regions. In this regard, elective course “Basics 
of Clinical Transplantology and Organ Donation” was 
introduced into the educational program for the 2021 
academic year at the Department of Emergency Medical 
Care and Simulation Medicine, Institute of Fundamental 
Medicine and Biology, Kazan (Volga Region) Federal 
University, and a student research and practice group of 
transplantology, organ donation and experimental sur-
gery was organized.

Analysis of questionnaires shows that the respondents 
have a general positive attitude towards organ donation. 
On one hand, this fact can be connected with the young 
age, maximalist and, in some way, frivolous approach to 
their life and health. However, the reasoned position, the 
request for specific information initiatives and the posi-
tive nature of the associative series, on the other hand, 
allow us to speak about the personal traits of a modern 
young person that fit into the generational theory [7–9]. 
In this regard, we consider it expedient to develop an 
accessible, interdisciplinary format of interaction with 
young people to involve them in the discussion of the 
problem and strategically stimulate their donor potential 
following the example of foreign countries [10].

On the basis of the above-mentioned, with the par-
ticipation of the staff from the Department of Emergency 
Medical Care and Simulation Medicine, Institute of Fun-
damental Medicine and Biology, Kazan (Volga Region) 
Federal University, an organ donation development cen-
ter “Donate Life Russia” was organized in 2020 at the 
Medical Law Clinic, Kazan. This is the first social project 
in the Republic of Tatarstan to promote organ donation. 
In 2020, the project received grant support from the Fed-
eral Agency for Youth Affairs (Rosmolodezh) [11]. The 
project raises awareness among the youth of the republic 
through modern and comprehensible content. Lectures 
and discussions are attended by specialists in the field 
of health care, transplantology, charity, volunteering, as 
well as lawyers and opinion leaders.

So, in general, the youth of the Republic of Tatarstan 
are ready for an open discussion of the problem of organ 
donation. The majority of the respondents support organ 
donation, associating it with noble causes. Nevertheless, 
there is a need to develop understandable and supportive 
resources to raise awareness among young people about 
organ donation.

cOncluSiOn
1. Young people in the Republic of Tatarstan are ready 

for a meaningful discussion of the problem of organ 
donation; they mostly associate this topic with noble 
causes.

2. Taking into account the interest in the problem and 
the insufficient awareness among the target audience, 
independent academic disciplines on transplantology 
and organ donation should be included in the cur-
ricula of medical universities in Russia.

3. Modern interdisciplinary information and educational 
resources should be attracted to promote organ dona-
tion among the Russian public.

The authors declare no conflict of interest.  
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Objective: to evaluate the safety and efficacy of hypothermic oxygenated machine perfusion (HOPE) for kidney 
grafts obtained from expanded criteria donors (ECD). Materials and methods. From June 2018 to June 2021, 
200 surgeries involving kidney transplants from deceased donors were performed at Botkin City Clinical Hospital. 
Of these, 123 were men (61.5%) and 77 were women (38.5%). The mean age was 47.62 ± 11.69 (20–73) years.  
In 102 cases, kidney grafts were procured from ECD. In 92 recipients (90.2%) of kidney transplants from an 
expanded criteria donor, static cold storage done according to the standard technique was used to preserve the 
organ; these patients constituted observation group 1. In 10 recipients (9.8%), hypothermic oxygenated perfusion 
was used in addition to static cold preservation; these patients formed observation group 2. Results. No 30-day 
mortality was recorded in both observation groups. The mean static cold storage time in group 1 patients was 
612.33 ± 178.88 (133–1180) minutes. Overall incidence of delayed graft function was 26.5% (53/200). Incidence 
of delayed graft function was 19.3% (19/98) for organs from standard donors using static cold storage and 35.8% 
(33/92) for ECD organs. Twenty-five patients (12.5%) had postoperative complications. Postoperative compli-
cations with delayed graft function were diagnosed in 12 patients, which was 22.6% (12/53), with immediate 
function in 13 patients, which was 8.8% (13/147). Mean cold storage time in group 2 patients was 319.11 ± 110.24 
(311–525) minutes. Mean HOPE time was 202.34 ± 21.48 (150–210) minutes. Delayed graft function was recor-
ded in 1 group 2 patient (10%). No complications, including perfusion-related one, were recorded in this group. 
Conclusion. The unique technique used at Botkin City Clinical Hospital for HOPE in kidney transplant is safe. 
It provides a low risk of delayed graft function for ECD kidneys.
Keywords:  kidney  transplant,  expanded  criteria  donors,  hypothermic oxygenated machine perfusion.
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inTrOducTiOn
Long-term outcomes in kidney transplantation are 

constantly improving. At present, the 10-year survival 
of kidney transplants is over 80% [1]. The effectiveness 
of transplantation as a method of treatment of end-stage 
chronic organ failure has consistently increased the num-
ber of patients in waiting lists both worldwide and in 
Russia [2, 3]. The increasing shortage of donor organs 
prompts the search for new ways to tackle this problem. 
The most widespread practice throughout the world is 
the practice of expanding the criteria for organ donation 
[4]. It should be noted that long-term outcomes of solid 
organ transplantation from a standard donor and from an 
expanded criteria donor differ slightly. Specifically, the 
1- and 5-year survival rates of a renal transplant from 
a standard donor are 92% and 70%, respectively, and 
from an expanded criteria donor, the figure is 80% and 
44%, respectively [5]. This difference is explained by 
the poorer tolerability of cold ischemia of organs from 

expanded criteria donor. Oxygen consumption in tissues 
decreases significantly at 4–10 °C, but the correspond-
ing metabolism is still observed. Additional oxygen can 
support mitochondrial adenosine triphosphate (ATP) 
synthesis and, in turn, restrain the damage process [6].

In preclinical trials, HOPE was found to reduce the 
incidence of cell damage and macrophage activation 
[7, Experiments suggest that this technology in clinical 
conditions should improve kidney transplant outcomes. 
Currently, there are several clinical studies evaluating 
the effectiveness of this technology in liver and kidney 
transplantation in the world.

maTerialS and meThOdS
From June 2018 to June 2021, 200 surgeries involv-

ing kidney transplants from deceased donors were per-
formed at Botkin City Clinical Hospital. Of these, 123 
were men (61.5%) and 77 were women (38.5%). The 
mean age was 47.62 ± 11.69 (20–73) years. In 102 cases, 
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Fig. 1. Cannulation of kidney graft artery for oxygenated cold perfusion

kidney grafts were procured from ECD. In 92 recipients 
(90.2%) of kidney transplants from an expanded criteria 
donor, static cold storage done according to the standard 
technique was used to preserve the organ; these patients 
constituted observation group 1. In 10 recipients (9.8%), 
hypothermic oxygenated perfusion was used in addi-
tion to static cold preservation; these patients formed 
observation group 2.

Expanded criteria donors were defined according to 
the UNOS definition of 2003. [R.A. Metzger, F.L. Del-
monico, S. Fenf et al. Expanded criteria donors for kid-
ney transplantation. Am J of Transplantation. 2003; 3, 
suppl 4: 114–125] as a donor 50–59 years of age with at 
least two of the following conditions: cause of death from 
cerebrovascular accident, hypertension history, serum 
creatinine >133 μmol/L, or a donor ≥60 years of age 
had all, any two factors, any one factor or none of the 
factors presented above.
Protocol for HOPE in renal graft: renal graft perfu-

sion was in the operating room with strict adherence to 
aseptic rules. The temperature of the preservative solu-
tion was measured using a non-contact Testo 805 ther-
mometer, the target level was 4–8 °C.

The packaged kidney graft was removed from the 
shipping container. Punch biopsy of the kidney was per-
formed. The graft was examined to assess its appearance 
and vascular anatomy. A soft silicone cannula previously 
attached to the arterial line was inserted into the mouth of 
the renal artery and fixed to the aortic site with 2–3 knot-
ted sutures (Fig. 1).

If there were two or more renal arteries, each was 
cannulated using a Y-shaped adapter.

The cannula was connected to a circuit consisting 
of a roller pump of a stationary AIC apparatus, an oxy-
genator, and a pressure sensor built into the CPB pump 
(Fig. 2). The required volume circulation rate of the 
preservative depends on the hydrostatic pressure in the 
arterial line. The preservative delivery rate was gradu-
ally increased by the regulator until 40 mmHg target 
pressure was reached. The procedure was performed 
under constant monitoring by a surgeon. The tightness 
of the connection between the arterial cannula and the 
renal artery was constantly monitored, the renal graft 
temperature was determined every 15 minutes, the pH of 
the perfusate to assess oxygen saturation was determined 
every 30 minutes. Thawed refrigerants were replaced 
as needed. When the pressure in the system decreased, 
indirectly indicating a decreased resistance in the renal 
microcirculatory bed, the preservative delivery rate was 
adjusted to maintain 40 mmHg target pressure. Vascular 
resistance index was calculated as the ratio of pressure 
in the system to the volumetric blood flow rate.

Perfusion was completed when the recipient was 
admitted to the operating room. Before the kidney was 
incorporated into the recipient’s bloodstream, another 
biopsy of the kidney from the primary punch biopsy site 
was performed. Intraoperative ultrasound examination 
with determination of the resistance index was performed 
before suturing the surgical wound. In the first week of 
the postoperative period, the following parameters were 
assessed daily: diuresis, urea, creatinine, K+, concentra-
tion of blood calcineurin inhibitors, resistance index in 
ultrasound examination was estimated, based on which 
the decision on the need for renal replacement therapy 
was made. Postoperative complications were assessed.
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Fig. 2. Schematic layout of oxygenated cold perfusion of a kidney graft

reSulTS
No 30-day mortality was recorded in both observa-

tion groups. The mean static cold storage time in group 
1 was 612.33 ± 178.88 (133–1180) minutes. The overall 
incidence of delayed renal graft function was 26.5% 
(53/200). When using an organ from a standard donor 
using static cold storage, the incidence of delayed graft 
function was 19.3% (19/98), and it was 35.8% (33/92) 
for ECD organs. Postoperative complications occurred 
in 25 patients (12.5%). Postoperative complications with 

delayed graft function were diagnosed in 12 patients, 
which was 22.6% (12/53), with immediate function in 
13 patients, which was 8.8% (13/147).

The mean cold storage time in group 2 was 319.11 ± 
110.24 (311–525) minutes. The mean hypothermic oxy-
genated perfusion time was 202.34 ± 21.48 (150–210) 
minutes. Mean renal graft temperature during perfusion 
ranged from 4.7 to 6.8 °C (Fig. 3).

The mean partial pressure of oxygen in the perfusate 
ranged from 323 to 574 mmHg (Fig. 4).

Fig. 3. Dynamics of average renal graft temperature during oxygenated cold perfusion
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Fig. 4. Dynamics of mean partial pressure of oxygen in perfusate during oxygenated cold perfusion

In one case, the vascular resistance index during per-
fusion increased by 0.02 (Table 1).

This group 2 patient (10%) had a delayed graft func-
tion. No complications, including perfusion-related com-
plications, occurred in this group.

Electron microscopy of nephrobiopsy specimens 
from group 1 patients showed pronounced negative dy-
namics expressed in mitochondrial destruction (Fig. 5).

Electron microscopy of nephrobiopsy specimens 
from group 2 patients showed mitochondrial preserva-
tion after perfusion (Fig. 6).

diScuSSiOn
Shortage of donor organs is a problem that limits 

the number of transplants performed. One solution is 
to expand the indications for donation, which leads to 

increased use of ECD renal transplants. According to 
our data, the use of ECD renal transplants significantly 
increases the likelihood of developing delayed function 
(35.8 vs 19.3%, p = 0.021). Development of delayed 
function, in turn, is associated with a significantly higher 
incidence of postoperative complications (22.6 vs 8.8%, 
p = 0.015), resulting in an increase in the average length 
of hospital stay and increased treatment costs. When 
evaluating our experience with the use of ECS organs, 
we obtained data on the effect of high donor body mass 
index (BMI) and cold ischemia time of the donor kidney 
on incidence of delayed function (Table 2).

In most cases, reducing the static cold storage time 
appears to be a difficult task. The patient has to come 
to the transplant center, undergo preoperative examina-
tion, in some cases dialysis is required. All this leads to 

Table 1
Indicators of oxygenated cold perfusion of the renal graft

S/N Beginning-of-
perfusion pressure

Beginning-of-per-
fusion volumetric 

blood flow rate

Beginning-of-
perfusion vascular 

resistance

End-of-perfusion 
pressure

End-of-perfusion 
volumetric blood 

flow rate

End-of-perfusion 
vascular 

resistance
1 41 70 0.58 42 90 0.46
2 40 120 0.33 40 150 0.26
3 42 110 0.38 40 120 0.30
4 39 90 0.43 41 90 0.45
5 42 60 0.70 40 70 0.57
6 40 120 0.33 42 140 0.3
7 41 100 0.41 41 120 0.34
8 42 90 0.46 40 90 0.44
9 40 80 0.50 39 100 0.39

10 40 90 0.44 41 100 0.41
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Fig. 6. Renal glomerulus fragment. The podocyte cytoplasm 
contains: small mitochondria with partially preserved cris-
tae, short profiles of granular endoplasmic reticulum. 12000× 
magnification

Fig. 5. Renal glomerulus fragment before HOPE. The podo-
cyte (P) cytoplasm contains: small mitochondria with par-
tially preserved cristae (arrows); short profiles of granular 
endoplasmic reticulum. C, capillaries. 9000× magnification
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an average cold storage time of more than 10 hours at 
Botkin Hospital. Organs from standard donors tolerate 
the long cold ischemia period satisfactorily, ECD organs 
do so significantly worse. In our opinion, the solution to 
this problem is to replace static cold storage with HOPE. 
Delivery of oxygen dissolved in the preserving solution 
to the cells at a preserved low temperature constitutes the 
theoretical advantage of this technology. Oxygen sup-
ports aerobic metabolism in the cells, which slows down 
dramatically but does not stop completely in cold envi-
ronments. Aerobic metabolism eliminates uncoupling 
of the mitochondrial respiratory chain with formation 
of reactive oxygen species, prevents the development of 
intracellular acidosis, and also maintains Na+/K+-ATPase 
activity at a normal level, which in turn reduces the risk 
of cell apoptosis.

Our proposed heart-lung machine for hypothermic 
oxygenated perfusion has all the qualities necessary for 
machine perfusion: it can control pressure and volu-
metric blood flow rate and oxygenate the preservation 
solution. An important problem we encountered in the 
development of the perfusion protocol is ensuring and 
maintaining the necessary temperature of the solution. 
The fact is that during perfusion the solution in the circuit 
is heated. So, on one hand, careful temperature control of 
the renal graft is required, and on the other, effective con-
stant cooling of the solution is needed. We use a remote 
thermometer to dynamically measure the temperature 
of the kidney graft. For constant cooling of Custodiol, 
we use special sterile refrigerants, which are placed near 
the renal graft without touching it or mixing with the 
preservative, and we cover the oxygenator with ice as 
an element of the circuit with the largest area of contact 
with the solution. These measures allow to maintain the 
temperature of the graft within 4–8 °C throughout the 
perfusion period.

Addition of oxygen to the perfusion solution is the 
most important part of the protocol. Oxygen dissolves 
well in Custodiol; we managed to achieve an average 
partial pressure of oxygen in perfusate at 500 mmHg at 
a delivery rate of 4 liters per minute.

To assess the effectiveness of perfusion in preserving 
cell mitochondria, we performed electron microscopy of 
nephrobiopsy specimens before and after HOPE. In all 
cases after completion of hypothermic machine perfu-
sion, preserved mitochondria with cristae were detected 

Table 2
Impact of expanded criteria donor risk factors 

on delayed renal graft function
Risk factor Immediate 

function 
(n = 59)

Delayed 
function 
(n = 33)

p

Donor’s age:
0.6555 to 65 years old 42 23

>65 years old 17 10
Donor’s gender:

0.73Male 27 16
Female 32 17
Donor’s BMI:

0.04<25 26 12
>25 33 21
Recipient’s BMI:

0.63<25 29 15
>25 30 18
Donor’s hospitalization time:

0.29<72 hours 44 22
>72 hours 15 11
Cold ischemia time:

0.03<10 hours 26 12
>10 hours 33 21
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in the mitochondria of the renal glomerulus, distal and 
proximal nephron fragments.

So, the developed technique makes it possible to 
maintain the energy balance of cells for a long time and 
prevent mitochondrial destruction, which inevitably oc-
curs in the process of static cold storage.

The revealed morphological advantages of HOPE 
also correlate with clinical manifestations. Out of 10 pa-
tients who underwent kidney transplantation from a 
deceased ECD using the perfusion used, delayed graft 
function was observed in 1 patient (10%), which was 
significantly lower compared with Group 1 (p = 0.035). 
It was in this case that there was an increase in vascular 
resistance index from 0.43 to 0.45 during perfusion; in 
other cases, the index decreased on average by 0.07 ± 
0.04 (0.02–0.13). This suggests that this parameter can 
be regarded as a predictor of delayed renal graft function.

The first experience of using our own HOPE protocol 
for an ECD renal graft showed its safety and efficiency. 
Further studies will clarify the optimal perfusion param-
eters, identify predictors of delayed organ function and 
primary nonfunction. Further reduction of the incidence 
of delayed function is possible through introduction of 
transport systems for hypothermic oxygenated perfusion.

cOncluSiOn
The original technique used at Botkin Hospital for 

renal graft HOPE is safe. It is associated with a low risk 
of delayed renal graft function for ECD organs. Further 
studies will expand the indications for this technique.

The authors declare no conflict of interest.
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