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The objective of the study was to investigate the evolution and trends in liver donation in the city of Moscow, 
with special focus on the expansion of liver donor selection criteria for transplantation. Materials and methods. 
The study included 1,548 effective donors (EDs) in the period from January 1, 2012 to December 31, 2020. Their 
basic characteristics – age and cause of death – are presented. The dynamics of changes in the age groups of donors 
and the dynamics of the number of ≥60-year-old liver donors were studied. The influence of expanded liver donor 
selection criteria over the dynamics of the number of transplant surgeries and patient flow on the waiting list was 
assessed. Results. During the study period, the number of effective liver donors (ELDs) in Moscow increased 
4.7-fold. The average age of ELDs increased from 37.1 in 2012 to 48.8 in 2020. There was an absolute prevalence 
of donors who died from cerebrovascular accident compared with donors who died from traumatic causes, 83.4% 
vs 16.6%, respectively. Since 2016, there has been a progressive increase in ≥60-year-old liver donors; the number 
of such donors in 2020 reached 39, accounting for 13.6% of the total pool of EDs. The progressive growth in the 
number of liver transplants has significantly influenced patient movement on the waiting list. In 2012, there was 
a 25.2% increase in the number of liver transplants per 100 patients on the waiting list; by 2020, it had reached 
86.6%. Conclusion. The results reasonably indicate an increase in liver donation and liver transplantation (LTx) 
in Moscow. Comparison of Russian data with those of leading foreign donor programs shows that the trends in the 
donor pool in the context of older age, including ≥60-year-old donors, and shifting causes of donor death towards 
cerebrovascular diseases are similar. An overall increase in donor activity and expansion of liver donor criteria 
contributed to an increase in the number of transplants performed per 100 patients on the waiting list, which, in 
turn, reduced the waiting time for a donor organ and increased the intensity of patient flow on the waiting list.
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inTrOducTiOn
Today, LTx is considered the standard treatment for 

end-stage acute or chronic liver failure of all etiologies. 
More than 80,000 LTx procedures are performed world-
wide every year. Survival rates are significantly better 
now than they were over the past 25 years, reaching 
96% at 1 year and 71% at 10 years after transplantati-
on, respectively. Among the most common nosologies  
in patients undergoing liver transplantation are cirrho-
sis (57.0%), primary and secondary (metastatic) liver 
cancers (15.0%), cholestatic liver diseases (10.0%), and 
acute liver failure (8.0%) [1, 2].

According to Eurotransplant, there were 1,481 peo-
ple actively waiting for liver transplantation in 2020,  
and 2,446 new candidates were registered. During the 
same period, 1,323 deceased donor liver transplantations 
were performed [3]. The liver transplant waiting list in 
the Russian Federation in 2020 included 2,237 patients, 
and the number of transplants was 559 [4].

In Moscow in 2020, organ harvesting was performed 
in 263 EDs. Among the organs harvested were 187 livers 

used for transplantation (72.6%). Given the increase  
in the average age of effective organ donors, it is obvious 
that such a high proportion of donor liver explantation 
is associated with the expansion of liver donor selection 
criteria. The use of donors with extended criteria for liver 
transplantation is practically not studied in the publica-
tions of Russian authors. There are single publications, 
mainly devoted to the morphological assessment of the 
donor liver for the purpose of verifying its suitability for 
transplantation, without taking into account the donor’s 
medical and epidemiological and clinical characteristics 
[5, 6]. The aim of this study is to investigate the evolution 
of liver donation in Moscow, the region with the highest 
donor activity in Russia, to analyze donors’ medical and 
epidemiological characteristics and to identify donors 
that meet the expanded liver donation criteria as defined 
by leading world donor programs [1].

maTerialS and meThOdS
The study included 1,548 EDs, of which 946 (61.1%) 

were ELDs in the period from January 1, 2012 to Decem-
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Fig. 1. Dynamics of the total number of effective donors (ED), total number of effective liver donors (ELD) and the ED/ELD 
ratio (%) in 2012–2020

ber 31, 2020. We investigated the population characteris-
tics of the ELDs – mean age, proportion (%) of nosolo-
gical forms – causes of donor death, and the dynamics of 
donor age groups, taking into account the most common 
criterion for expanding the donor pool – ≥60-year-old 
donors. For the first time in population calculations, we 
used the number of transplants per 100 recipients of the 
waiting list and investigated its dynamics.

reSulTS and diScuSSiOn
Between 2012 and 2020, there was a 4.7-fold increase 

in the number of ELDs in Moscow [4, 7]. Comparison 
of the absolute number of ELDs and the ELDs/Eds ratio, 
expressed in %, shows that, from 2012 to 2016, the total 
number of Eds increased by 124.7%, while the share of 
donor pool utilization for liver transplantation was less 
than 60.0%, almost unchanged since 2012. From 2017 
through 2019, a similar level of donor pool utilization 
for liver transplantation persisted, not exceeding 63.26% 
in 2019, despite a 39.3% increase in the total number 
of EDs over that period. It is only in the 1-year period 
from 2019 to 2020 that we see a 9.72% increase in liver 
transplant donor pool utilization activity, with a compa-
rable 10.49% increase in liver utilization activity over 
the preceding 7 years (2012 to 2019) (Fig. 1). These 
data indicate that LTx programs in Moscow are slow in 
adopting the criteria for expansion of the suitability of 
donor livers for transplantation and, as a consequence, 
incomplete use of the progressively increasing donor 
resource.

According to the Spanish National Transplant Orga-
nization (NTO), over a similar time period, among all 
donors offered, both brain-dead (BD) and asystolic (AS) 
donors, the proportion of liver explants was at 90.0%, 
with the proportion of livers transplanted not exceeding 
70.0% in a context of active growth of AS use observed 

since 2015 [8]. As presented in Fig. 1, the efficiency 
of donor pool utilization for liver transplantation in 2020 
in Moscow was comparable to 73.46%. It is important 
to note that this level of efficiency in the use of donor 
resource for liver transplantation has been achieved for 
the first time in Moscow. In our opinion, this is due to 
the stability and efficiency of the organizational system 
of organ donation for transplantation in Moscow and 
the accumulation of necessary experience in liver trans-
plantation programs required to work with expanded 
criteria donors.

Donor age is one of the conventional factors consi-
dered in the evaluation of both standard liver donors and 
expanded criteria donors. Apart from age, conventional 
factors in liver donor evaluation also include elevated 
levels of liver enzymes in the blood, hemodynamic insta-
bility, including circulatory arrest in brain-dead donors,  
a history of alcohol abuse, hypernatremia, and liver stea-
tosis [9]. From the position of expansion of donor criteria 
for liver transplantation, the age of the donor is certain-
ly an important factor. According to the data presented 
by the world’s largest donor organizations, the age of 
liver donors has been gradually but steadily increasing 
over the years. In the United States in 1994, only 20%  
of liver donors were over 50 years old; today this figure 
has doubled [10]. The annual number of liver donors 
older than 65 years, according to UNOS, increased 14-
fold in the United States from 1991 to 2001. According 
to ELTR (European Liver Transplant Registry), the 
proportion of ≥60-year-old donors increased 10-fold, 
from 2% to 20% [11]. The average age of liver donors 
in our study is also increasing, from 37.1 years in 2012 
to 48.8 years in 2020 (Fig. 2). Analysis of foreign data 
presented above, shows that the increase in the average 
age of donors is determined by the number of ELDs 
over 60 years old. According to the NTO, the age com-
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Fig. 2. Dynamics of the average ELD age in 2012–2020

Fig. 3. Dynamics of the ELD age in 2012–2020

position of the donor pool remained virtually unchanged 
from 2012 to 2020, with less than 10% of donors under 
18 years and the 18–29 age range, 10–12% of donors 
aged 30–44 years, and quite equal shares of the so-called 
“older age” donors – 30.5% for age 45–59 years, 24.7% 
for age 60–69 years, 26.4% for donors ≥70 years [8].

Fig. 3 shows the percentage of the age groups 
of ELDs over the 2012–2020 period. Compared to the 
similar NTO data described above, the following age 
trends are evident in the Russian practice of liver dona-
tion – the youngest age group of donors (18–29 years) 
is progressively decreasing from 37.5% in 2012 to 6.3% 
in 2020; another group of young donors (30–39 years) 
for the entire study period remains fairly stable in the 
20.0%–24.0% range; a similar stable situation is obser-
ved with the group of middle-aged donors 40–54 years, 
accounting for about 40.0%. The most significant chan-
ges are observed among the groups of older donors, con-
tributing most significantly to the so-called “expanded 

donor criteria”. The age 55–60-years-old group in our 
study went from 7.5% in 2012 to 24.1%. In 2012–2014, 
there were no ELDs in the 61–65 years age group; since 
2015, their contribution to the ED pool has progressively 
increased, reaching 13.6% in 2020. The proportion of 
donors aged ≥65 years is still at a low level, up to 2.0% 
of the total ELD pool. Fig. 4 shows the evolution of the 
age of ELDs in Europe, according to the European Liver 
Transplant Registry. Noteworthy is the 30 years since 
the beginning of the work with donors in the ≥70 years 
age group, and more than 30 years of experience with 
donors in the 60–70 years age group. By 2019, the spe-
cific contributions of almost every age group except the 
youngest group 0–20 were comparable to each other, 
and the 60–70 and >70 age groups account for one-third  
of all ELDs. In other words, liver donors with expanded 
age criteria account for about 30.0% of the entire ELDs 
pool [12].
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Fig. 4. Evolution of the ELD age in Europe according to the European Liver Transplant Registry (http://www.eltr.org)

Fig. 5. The number of ≥60-year-old ELDs in 2012–2020

ELD age ≥60 years, according to the current selec-
tion criteria in Europe and the world, is classified as 
expanded [3]. In Moscow, there has been a progressive 
increase in the number of ELDs ≥60 years since 2016 
(Fig. 5). The ratio of ELDs with expanded age criteria 
to the total number of ELDs shows that the proportion 
of expanded criteria donors is quite comparable with the 
foreign data given above, 20.4% in 2020. However, it is 
important to note that the number of liver donors in Euro-
pean countries also includes children, the 0–20-years-old 
age range, and people ≥70 years old.

Examination of the frequency of age distribution of 
ELDs in our study shows that 75.7% of expanded crite-
ria donors are slightly older than 60 years, while there 
are single cases of liver donations from donors older 
than 65 years, and one case of liver donation was from 
a donor over 70 years old (Fig. 6). Of course, with the 

overall growth of donor activity and the accumulation 
of experience in liver transplantation programs, there is 
an obvious shift towards working with expanded criteria 
donors, but the age range of donors is practically not 
increasing, remaining within the 60–63-year range.

Along with the donor’s age, the cause of death is  
of paramount medical and epidemiological importance. 
A number of papers presented by authors from the 
Moscow Organ Donation Coordination Center, Botkin 
City Clinical Hospital, and published in research journals 
have demonstrated serious changes observed in the struc-
ture of mortality in brain-dead donors in Moscow [7]. 
Obviously, these changes are also fully valid for ELDs. 
For instance, since 2015, there has been a progressive 
increase in the number of donors who died from acute 
stroke and there is an almost mirror-like decrease in the 
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Fig. 6. Histogram of distribution of the frequency of liver donation from donors ≥60 years old in 2012–2020

Fig. 7. Dynamics of ELDs depending on cause of death in 2012–2020 (%)

number of donors who died from traumatic brain injury 
(TBI). (Fig. 7).

Such significant changes in donor activity and do-
nor mortality patterns could not but affect the evolution  
of liver donation in general and the development of do-
nation according to expanded criteria. This is confirmed 
by the analysis of liver donors rejected for transplantation 
according to the age of the donor (Fig. 8). Against the 
background of some predominance of donors with TBI 
in the 2012–2014 period, we see a rather high proportion 
of liver rejections in the youngest age group of donors 
18–29 years, accounting for 16.7% in 2012, and steadily 
decreasing to 4.1–6.4% only from 2016, when the num-
ber of TBI donors was sharply decreasing.

The most important social indicator of the effectiven-
ess of organ transplantation is the movement of patients 
on the waiting list. Fig. 9 shows the dynamics of the 

indicator reflecting the number of liver transplantations 
per 100 patients on the waiting list per year. We can 
see that since 2016, after the expansion of liver donor 
selection criteria, this indicator begins to grow, indica-
ting, on one hand, the effectiveness of the approach to 
the issue of selection in the context of increasing the 
number of transplants and the intensity of waitlist traffic. 
On the other hand, guided by the experience of foreign 
countries, where the same indicator reaches a maximum 
of 65, it indicates the need for further improvement of 
the waiting list with the formation of optimal routing 
of patients for inclusion in the waiting list (Fig. 9) [16].

cOncluSiOn
The number of liver transplants in Moscow is incre-

asing annually. At the beginning when the organizatio-
nal structure of organ donation for transplantation was 
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Fig. 8. Dynamics of the number of livers rejected for transplantation in different age groups of donors in 2012–2020 (%)

Fig. 9. Indicator reflecting the number of liver transplants per 100 patients on the waiting list per year

being formed in Moscow in 2012, there were 41 liver 
transplant surgeries per year, which was less than 20% 
of the need for this type of transplant care. In 2020, 
191 liver transplants were performed in Moscow. Such 
a progressive increase in the number of transplants in a 
relatively short period of time was facilitated by a ge-
neral increase in donor activity in Moscow as a result of 
implementation of the transplant coordination system, 
positive initial experience with expanded criteria do-
nors, including donors ≥65 old, accumulated experience 
by transplant centers including with older donors, and 
increased number of liver transplant programs in the 
Moscow healthcare system.

To date, it is impossible to provide full-fledged trans-
plantation care without working with expanded criteria 
donors. On one hand, the donor pool has significantly 
changed – the age of donors has increased and, accor-
dingly, the incidence of comorbid diseases has increased; 

the main cause of donor death has become acute cerebral 
haemorrhage. On the other hand, the number of patients 
with end-stage chronic liver diseases is increasing and, 
accordingly, the number of donor organs suitable for 
transplantation needs to increase. Over the past 2 deca-
des, the global transplant community has accepted the 
concept of expanded criteria donation. There is no uni- 
versal definition of an expanded criteria organ donor;  
in general, it is a set of certain donor characteristics that 
can potentially increase the risk of organ transplantati-
on for the recipient. For the liver, there are several lists 
of such donor characteristics, formulated by different 
authors in different years, with differences mainly affec-
ting the “cut-off points”, i.e. borderline values of certain 
indicators that allow the use of a liver for transplantation 
[17]. The most available indicator to estimate the volume 
of donation according to expanded criteria in the overall 
pool of effective donors is the age of the donor. For the 
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liver, the donor age defining a person as a standard or 
expanded criteria donor starts at 60 years of age, with 
no upper age limit defined; a number of authors indicate 
an age of up to 80 years [17].

Analysis presented in this study shows that there were 
liver donors over 60 years old in the donor pool in 2015; 
they are very few, 2 people, 2.9% of the total ED pool. 
Then the number of such donors increases every year, 
reaching 39 (13.6%) in 2020. At the same time, the pro-
portion of organs rejected for transplantation increased; 
in 2020, 15.4% of livers were rejected for transplantation 
in this age group. In the vast majority of cases, the main 
reason for rejection was hepatic steatosis, detected both 
visually and by a “null” biopsy performed during the 
explantation procedure.

According to the largest foreign donor and transplant 
agencies, the 5-year survival rate of patients who recei-
ved livers from donors 65 years and older is 74%, while 
the survival rate of recipients who received livers from 
younger donors was 75% [16].

Obviously, with comparable survival rates of reci-
pients, the “60+” and “65+” donor categories can re-
asonably be used for transplantation, within the limits  
of acceptable safety for patients. It is important to note 
that a weighted and acceptable (for recipients) expansion 
of liver donation criteria is an effective organizational 
tool, allowing to reduce the waiting time for a transplant 
and to provide a more dynamic movement of patients 
on the waiting list.

In Moscow, the practice of using donors of the “60+” 
category has positive stable dynamics. Taking into con-
sideration foreign and already available national experi-
ence, we consider it appropriate to develop and improve 
the engagement of expanded criteria donors in addition 
to the general development of organ donation for trans-
plantation so that more effective transplant assistance 
could be provided to the Russian population.
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