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Abstract

Rationale. The risk of early graft loss determines the specifics and plan
of anesthesiological assistance, intensive therapy, and overall the
feasibility of liver transplantation. Various prognostic models and
criteria have become widespread abroad; however, Russian transplant
centers have not yet validated them.

Objective. To evaluate the applicability and accuracy of the most
common models predicting the risks of early adverse outcomes in liver
transplantation from deceased donors.

Material and methods. A retrospective single-center study included data
on 131 liver transplantations from deceased donors performed between
May 2012 and January 2023. For each observation, DRI, SOFT, D-
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MELD, BAR, MEAF, L-GrAFT, and EASE indices were calculated, and
compliance with an early allograft dysfunction criteria was verified.
Depending on the possibility of calculating the indicators and their
values relative to known cutoff points, the study groups were formed, and
1-, 3-, 6-, and 12-month graft survival rates were calculated. The forecast
was compared with the actual outcomes, and sensitivity, specificity, F1-
score, and C-index were calculated.

Results. When assessing the risk of 1- and 3-month graft loss, models
using only preoperative parameters demonstrated relatively low
prognostic significance: DRI (F1-score: 0.16; C-index: 0.54), SOFT (F1-
score: 0.42; C-index: 0.64), D-MELD (F1-score: 0.30; C-index: 0.58),
and BAR (F1-score: 0.23; C-index: 0.57). Postoperative indices of MEAF
(F1-score: 0.44; C-index: 0.74) and L-GrAFT (F1-score: 0.32; C-index:
0.65) were applicable in 96%, those of ABC (F1-score: 0.29; C-index:
0.71) in 91%, and EASE (F1-score: 0.26; C-index: 0.80) in 89% of cases.
The relative risk of 30-days graft loss in case of EAD was 5.2 (95% CI:
3.4-8.1; p<0.0001), Fl1-score: 0.64, and C-index: 0.84. Using locally
established cutoff values for SOFT (11 points) and L-GrAFT (-0.87)
scores increased their prognostic significance: F1-score: 0.46 and 0.63,
C-index: 0.69 and 0.87, respectively.

Conclusion. The analyzed models can be used to assess the risks of early
liver graft loss; however, their prognostic significance is not high.
Developing a new model in a multicenter Russian study, as well as
searching for new objective methods to assess the state of the donor liver
are promising directions for future work.
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ALT, alanine aminotransferase

AST, aspartate aminotransferase
CVA, cerebrovascular accident

EAD, early allograft dysfunction
GGT, gamma-glutamyl transpeptidase
MLV, mechanical lung ventilation
PBC, primary biliary cholangitis

PNF, primary non-function

PSC, primary sclerosing cholangitis

RR, relative risk

Introduction

Transplantation for many patients with severe liver diseases is an
effective treatment method that allows to increase both the life
expectancy [1, 2], and the quality of life [3]. At the same time, an
individual prognosis is determined by a wide range of factors, their
combinations, mutual effects, and their significance that varies depending
on the stage of the peritransplantation process [4-6].

The predominant number of patients in need of transplantation over
the number of available donor organs is an objective reality and
determines the importance of the optimal use of a limited donor resource
[7]. The global goal is to simultaneously minimize mortality among those
waiting for transplantation and maximize the recipient survival rates [8,
9.



Over the recent decade, the number of liver transplants annually
performed from deceased donors in the Russian Federation has more than
tripled: from 139 operations in 2012 to 455 in 2021, which naturally led
to an expansion of waiting lists: from 488 to 2272 patients for the same
time period [10]. Thus, the tasks of evaluating the suitability of a
potential deceased donor liver for transplantation, choosing a patient from
the waiting list for whom transplantation of a particular organ will be
associated with the best risk-benefit ratio, predicting the immediate
outcomes of operations, and quickly diagnosing the initial function of the
graft are becoming increasingly important.

Over the recent 10-15 years, there have been developed the
calculation indices that have been actively used in clinical practice to
possibly establish individual preoperative risks of liver transplantation:

eDonor Risk Index (DRI) [11],

e Survival Outcomes Following Liver Transplantation (SOFT) [12],
D-MELD [13],

eBalance of Risk (BAR) [14],

eEurotransplant Donor Risk Index (ET-DRI) [15].

The models have also been proposed that predict the direct
outcomes of transplantations taking into account data on the course of the
short-term (3—-10 days) post-transplantation period:

eModel for Early Allograft Function Scoring (MEAF) [16],

eLiver Graft Assessment Following Transplantation risk score (L-
GrAFT) [17],

eEarly Allograft Failure Simplified Estimation score (EASE) [18],

e AST, Bilirubin & Coagulation factor (ABC) [19].

Widespread in research are the proposed by K. Olthoff et al. Early
Allograft Dysfunction (EAD) criteria for early liver graft dysfunction



[20]. In developing these criteria, in contrast to the above prognostic
models, a fundamentally different methodological approach was used.
The authors revised the definition of early liver allograft dysfunction in
the era of using the MELD score for donor organ allocation. As a
combination of variables that made up the criteria, the previously known
objective post-transplant parameters were selected reflecting the main
components of the dysfunction: cytolysis (AST), cholestasis (total
bilirubin) and coagulopathy (INR). No new cut-off values were set either.
That is, when formulating these criteria, statistical methods, for example,
regression analysis, were not used. The results of the multicenter study
showed that the EAD development was associated with a statistically
significantly increased risk of graft loss (RR=7.4; 95% CI [3.4;16.3];
p<0.0001) and death of recipients (RR=10, 7; 95% CI [3.6;31.9];
p<0.0001) at 6 months after surgery. This determined the expedience of
studying the applicability and predictive value of the EAD criteria in our
own cohort of liver transplant recipients.

Despite the fact that Russian authors, when characterizing
individual series of operations, sometimes give the values of some indices
(most often, DRI, and EAD incidence), the question of their predictive
value and, in general, the adequacy of their use has not been studied.

The aim was to assess the applicability and accuracy of the
existing models predicting the risks of early adverse outcomes in liver

transplantation from a post-mortem donor.

Material and methods

Study Design

The single center retrospective study included information on 131
deceased-donor liver transplants consecutively performed between May

2012 and January 2023. Particulars relating to the characteristics of



donors, recipients, post-transplantation period, and outcomes of
operations were obtained from the local Registry of liver transplantations.
Loss of the liver graft was considered as the end point (outcome), and the
day of death or retransplantation was considered as the date of outcome.

The analysis is divided into two parts: the first deals with
preoperative models: DRI, SOFT, D-MELD, BAR; the second part deals
with postoperative ones: MEAF, L-GrAFT, EASE, ABC. As far as the
criteria for early allograft dysfunction (EAD) were initially proposed as a
“soft” endpoint for clinical trials, their prognostic value was analyzed
separately. The ET-DRI index [15] was not calculated, since this model
takes into account the donor gamma-glutamyl transpeptidase (GGT)
level, and information about this laboratory parameter, which is not
included in the list of routine examinations, was available in less than half
of the cases.

If the calculated values exceeded the cut-off values, the cases were
classified as having a high probability of an unfavorable early outcome; if
they were lower, then the risk of early graft loss was considered
(conditionally) low. For this, the known and(or) previously used cut-off
points for each of the models were chosen:

e DRI>1.8]11,21],

e SOFT>16[12,22],

e  D-MELD > 1600 [13, 23],

e  BAR>18[14,23,24],

. MEAF > 8 [16, 24],

e  L-GrAFT >1.3[17, 24],

e EASE>0/[18, 24],

e  ABC>2[24].



Next, the model-calculated prognoses were compared with the
actual outcomes. The cases were assigned to the third group that was
designated as "N/A" if the calculation of one or another index was
impossible due to the graft loss earlier the expiry of the data collection

period.

Study (validation) cohort of patients

The period of registering the outcomes was limited to one year
after transplantation. By the time of the analysis, more than 3 months had
passed from the date of 131 operations (100%); 126 operations (96%)
were more than 6 months old; 120 operations (92%) were one year old or
more. The number of lost and functioning grafts for individual time

points during the first year is shown in Fig. 1.
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Fig. 1. Numbers of functioning and lost liver grafts according the

time after transplantation

Of the 26 grafts lost in the first year after transplantation, 21 (81%)
losses occurred within the first month. Due to the fact that no losses were

registered from the 31st to the 90th day, the results of all calculations



made for a period of 1 month were similar to those for a period of 3
months.

The structure of causes that led to the graft loss during the first
month after surgery was highly heterogeneous. However, all cases could
be distributed into four groups:

1) Primary non-function (PNF) (n=5). In all cases, a typical
clinical and laboratory pattern was observed: critical hemodynamic
instability after reperfusion, severe coagulopathy, massive diffuse
bleeding, anuria, lactate acidosis, hypoglycemia, an increase in the level
of aminotransferases above 3000 U/L. In 4 cases, death occurred on the
1st-3rd day after the surgery; in one case, successful retransplantation
was performed on the 3rd day.

2) Retransplantation in patients with high MELD (n=6). Amid the
severe dysfunction of a previously transplanted liver (scored from 27 to
40 by MELD), in 3 cases when retransplantation was performed early
after the primary surgery, the condition of the patients was further
aggravated by the recent surgical injury, acute Kkidney injury,
accompanied by the need for prolonged mechanical lung ventilation
(MLV) and vasopressor support. In 3 patients operated on in the long
term, retransplantations were associated with technically complicated
hepatectomy, which led to a significant increase in the surgery duration
and the need for massive transfusion of blood components. Deaths in this
group occurred in the range from 2 to 20 days due to progressive multi-
organ failure.

3) Massive intraoperative blood loss (n=3). All patients of this
group had a history surgical interventions and, as a result, a pronounced
adhesive process in the upper abdominal cavity (“frozen abdomen”),
which, combined with portal hypertension and a large number of venous

collaterals, made hepatectomy extremely difficult. Graft reperfusion



occurred under suboptimal hemodynamic conditions. Two recipients died
a day after the surgery, the clinical signs being consistent with PNF;
however, it was the “primary” etiology of the non-functioning that
seemed extremely unlikely. In the 3rd patient, unresolved graft
dysfunction was complicated by the development of sepsis; death
occurred on the 24" day.

4) Progressive multiple organ failure and sepsis against the severe
graft dysfunction (n=7). Despite the presence of initially severe graft
dysfunction in patients of this group, the liver failure was not directly
life-threatening, however, it determined the need for prolonged
mechanical ventilation and vasopressor support, transfusions of large
volumes of fresh frozen plasma. In all cases, progressive acute renal
injury was noted, often requiring sessions of veno-venous
hemodiafiltration. Pneumonia was a universal complication. The
escalation of antimicrobial therapy and regular toilet bronchoscopy were
ineffective, which led to the generalization of the infectious process and
the aggravation of multiple organ failure that became the cause of deaths

that occurred in the range from 7 to 30 days after surgery.

Statistical data processing

Quantitative variables were presented as medians additionally
specifying either the minimum and maximum values when exactly they
represented clinical significance, or the interquartile range. For qualitative
parameters, the absolute frequencies and relative frequencies expressed as
in percentage were given. The significance of differences in quantitative
and qualitative variables in two independent samples was determined
using the nonparametric two-tailed Mann-Whitney test and two-tailed
Fisher's exact test, respectively. Differences were considered statistically

significant at p<0.050. Survival was calculated using the Kaplan—Meier



method. Differences in survival between two independent groups were
assessed using the Log-rank test and were considered statistically
significant at p<0.050.

To assess the adequacy of the prognostic models, their parameters
were calculated: sensitivity, specificity, F1-score and C-index. To search
for new optimal cut-off points for the analyzed cohort of cases, ROC-
analysis was performed with the maximization by F1-score.

Calculations were performed using Statistica 12 statistical software
package (StatSoft Inc., USA) and Jamovi version 2.3.21.0 (Jamovi
project, https://www.jamovi.org) with additional modules "Survival®,
"meddecide"” and "PPDA".

Results
Characteristics of the validation cohort as a whole, as well as
groups of cases formed with regard to reaching the end point within a

month after transplantation, are shown in Table. 1.

Table 1. Characteristics of the validation cohort and the study groups

formed with regard to surgery outcomes

_— Graft loss within the
All cases Functioning grafts .
Parameter (n=131) (n=110) first month p
(n=21)
Recipient characteristics
Age, years 49 51 44 0.194
[40;57] (20-72) [41;57] (24-72) [40;52] (20-66)
Males, n(%) 86 (66) 69 (63) 17 (81) 0.135
Main indications for
surgery, n (%)
Liver cirrhosis of
viral etiolagy 38 (29) 34 (31) 4 (19) 0.431
Hepatocellular 29 (22) 25 (23) 4 (19) 1.000
carcinoma
PBC/PSC 15 (12) 11 (10) 4 (19) 0.507
Retransplantation 12(9) 6 (6) 6 (29) 0.004
Urgent 7(5) 2(2) 5 (24) 0.001




transplantation, n (%)

MELD, score 14 14 17 0.014
[11;19] (6-46) [11;18] (6-46) [14;26] (7-40) '
MELD-Na, score 17 16 19 0.013
[12;21] (6-46) [11;20] (6-46) [16;28] (7-40) '
Characteristics of donors and grafts
Age, years 48 48 47 0.948
[37;58] (18-67) [37;58] (18-65) [37;56] (20-67) '
Males, n (%) 81 (61.8) 69 (62.7) 12 (57.1) 0.455
CVA being the cause
of donor's death, n 104 (79.4) 86 (78.2) 18 (85.7) 0.564
(%)
Sodium, mmol/L 148 147 152 0.156
[142;154] (124-178) | [142;154] (124-178) [145;158] (136-163) '
AST, U/L 31 31 47 0.061
[20;55] (7-426) [20;47] (7-200) [25;68] (18-426) '
ALT, U/L 27 27 35 0.329
[18;40] (6-278) [18;40] (6-183) [19;64] (11-278) '
MLV duration, days 2 2 2 0.905
[1;3] (1-9) [1;3] (1-9) [2;3] (1-6) '
Cold ischemia time, 8.5 8.3 9.0 0115
hours [7.1;10.0] (1.9-15.0) | [7.1;9.7] (1.9-13.5) [7.5;11.0] (3.0-15.0) '
Surgery peculiarities
Intervention duration, 7.5 7.0 8.0 0.033
hours [6.5;8.0] (3.0-16.5) [6.5;8.0] (3.0-12.5) [7.0;9.9] (4.0-16.5) '
Warm ischemia time, 45 45 45 0.531
min [38;50] (14-70) [38;50] (14-70) [33;48] (22-57) '
Blood transfusion, 1180 1017 2460
mL [720;1830] (0-11644) | [685;1581] (0-5500) | [1190;3471] (300-11644) <tioud
Reperfusion 19 (15) 11 (10) 8 (39) 0.003

syndrome*, n (%)

Notes: *, drop in mean arterial pressure by more than 30% below the baseline level, exceeding one

minute in duration and developing within the first 5 minutes after liver allograft reperfusion; ALT,

alanine aminotransferase; AST, aspartate aminotransferase; MLV, mechanical lung ventilation; CVA,

cerebrovascular accident; PBC, primary biliary cholangitis; PSC, primary sclerosing cholangitis

In the group of recipients who lost grafts in the early postoperative

period, retransplantations were performed statistically significantly more

often, surgeries were urgent, and the condition of patients before surgery

was more severe when assessed by MELD and MELD-Na scores. The

characteristics of donors and grafts were comparable between the groups.




The need for large volumes of blood transfusion, an increase in surgery
duration, as well as a more frequent development of reperfusion

syndrome were associated with a subsequent graft loss.

Preoperative models (DRI, SOFT, D-MELD, BAR)

The values of the parameters required for the calculation of
preoperative prognostic indices were available for all cases. With the
exception of DRI, the absolute values of the calculated indices differed

statistically significantly between groups (Fig. 2).
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Fig. 2. The values of preoperative indices: (A) DRI, (B) D-MELD, (C)
BAR, and (D) SOFT calculated with regard to the liver
transplantation outcome: ""No"" denotes the graft functioning for
more than 1 month, ""Yes" denotes the graft lost within the first

month



When comparing the groups by the rate of cases, for which the

calculated indices exceeded the accepted cut-off values, the same picture

was observed: for all models except DRI, statistically significant

differences were seen (Table 2).

Table 2. The frequency of exceeding the DRI, D-MELD, BAR and

SOFT cut-off values with regard to the 30-day outcome of liver

transplant
Functioning Graft loss within
All cases ;
Parameter (n=131) grafts the first month p
(n=110) (n=21)

DRI > 1.80, n (%) 4 (3.1) 2(1.8) 2(9.5) 0.120
D-MELD > 1600, n (%) 6 (4.6) 2(1.8) 4 (19.0) 0.006
BAR > 18, n (%) 5(3.8) 2(1.8) 3(14.3) 0.029
SOFT > 16, n (%) 12 (9.2) 5(4.5) 7 (33.3) <0.001

An analysis of the graft survival in the groups formed with regard

to the values of preoperative indices showed that all the studied models,

except for DRI, can be used to assess the risk of a transplanted liver loss
within 12 months (Fig. 3).
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Fig. 3. Liver graft survival as a function of (A) DRI, (B) D-MELD,
(C) BAR and (D) SOFT values. Blue solid curves mean "below the cut-

off value"; red dotted curves mean "above the cut-off value"

Postoperative models (MEAF, L-GrAFT, EASE, ABC)

The calculation of postoperative prognostic indices requires the
results of laboratory tests performed no earlier than 24 hours after the
completion of surgery up to 3 (MEAF), 7 (L-GrAFT, ABC) or 10 (EASE)
days. This limits the applicability of these models in case of graft loss
earlier than the indicated dates. Due to that, the MEAF and L-GrAFT
values could not be calculated for 7, ABC for 12, and EASE for 14 cases.

The values of all postoperative indices in the group of patients who
lost grafts in the early postoperative period turned out to be statistically
significantly higher than in the cases where the transplanted liver
functioned for one month or longer (Fig. 4).
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Fig. 4. The values of postoperative indices: (A) MEAF, (B) L-GrAFT,

(C) EASE, and (D) ABC calculated with regard to the liver

transplantation outcome: "*No"* denotes the graft functioning for more

than 1 month, ""Yes" denotes the graft lost within the first month

When analyzing the frequency of exceeding the established cut-off

values with regard to reaching the end point, the EASE model (in contrast

to the other three ones) did not show statistically significant differences

(Table 3).

Table 3. The frequency of exceeding the MEAF, L-GrAFT, EASE and
ABC cut-off values with regard to the outcome of liver transplantation

Functioning Graft loss within
All cases .
Parameter (n=131) grafts the first month p
- (n=110) (n=21)
MEAF > 8, n (%) 15 (11.5) 7 (6.4) 6 (28.6) 0.007
EASE >0, n (%) 17 (13.0) 12 (10.9) 5(23.8) 0.149
L-GrAFT > 1.3 n (%) 4 (3.1) 0 (0.0 4 (19.0) <0.001
ABC>2,n (%) 6 (4.6) 2(1.8) 4 (19.0) 0.006




Differences in the estimated graft survival when divided into

groups with regard to reaching the cut-off for all postoperative models

turned out to be statistically significant (Fig. 5). Meanwhile, expectedly,

the worst values were in the group of cases, where it was impossible to

calculate the index values (N/A).
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Fig. 5. Liver allograft survival as a function of (A) MEAF, (B) L-GrAFT,
(C) EASE and (D) ABC values. Blue solid curves mean "below the cut-off

value"; red dotted curves mean "above the cut-off value"; Green dotted curves

denote the cases for which predictive indices cannot be calculated

Prognostic value of early graft dysfunction based on Olthoff et al.
criteria (EAD)
EAD was diagnosed in 38 recipients (29.0%): in 90.5% of cases
(19/21) in the group of early graft losses, in 17.3% of cases (19/110) in



the group with the allograft functioning for more than a month. The
relative risk of graft loss during the first month with the EAD
development was 5.2 (95% CI [3.4;8.1]; p <0.0001).

Graft survival with regard to the EAD development is shown in
Fig. 6.
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Fig. 6. Liver allograft survival as a function of meeting the early
allograft dysfunction criteria. Blue solid curves denote those not
meeting the early allograft dysfunction criteria, Red dotted curves denote

those meeting them

Comparative analysis of applicability and predictive value of
preoperative, postoperative models, and EAD criteria

The data required to calculate preoperative model values were
available in all cases. The proportions of cases for which it was possible
to calculate postoperative indices are shown in Fig. 7A (for the entire

cohort) and in Fig. 7B (separately for the early graft loss group).
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Fig. 7 Applicability of postoperative prognostic models and early
allograft dysfunction criteria: (A) to the entire study cohort; (B) for
graft loss cases within the first 30 days

Test for meeting the EAD criteria could be performed for all cases.
Meantime, for 12 recipients (9% of the entire cohort and 57% of the cases
from the early graft loss group), only the AST/ALT level was taken into
account.

Although the L-GrAFT model uses laboratory results as obtained
between the 1% and the 7™ postoperative days, thanks to the possibility of
making calculations from incomplete data, the applicability of this index
was similar to the MEAF model, which requires only a three-day follow-
up period.

The risk assessment by using ABC and EASE models was not
possible for 12 and 14 recipients, respectively: all patients, except for

one, lost grafts before the 10™ day after transplantation, one case lacked



the necessary data for the calculation, this recipient died on the 14th
postoperative day.

Thus, for the entire cohort of patients, the MEAF and L-GrAFT
indices were applicable for 96% of cases, ABC and EASE were
applicable for 91% and for 89%, respectively. For the group where the
graft loss occurred during the first month: MEAF and L-GrAFT were
applicable for 67%, ABC for 43%, EASE for 33%.

The results of calculating the metrics of assessing the predictive

value of models and criteria are shown in Table. 4.



Table 4. Sensitivity, specificity, F1-score, C-index of preoperative (DRI, SOFT, D-MELD, BAR), postoperative
(MEAF, L-GrAFT, EASE, ABC) models and early allograft dysfunction criteria for predicting liver allograft
loss at timepoints of 1, 3, 6 and 12 months after surgery

DRI SOFT | D-MELD | BAR EAD MEAF L-GraFT EASE ABC

Cut-off value > 1.80 >16 > 1600 > 18 >8 >1.3 >0 >2

1 (3) month(s)
Sensitivity/

Specificity, % 10/98 33/96 19/98 14/98 91/83 38(57)/94 19(29)/100 24(71)/89 19(44)/98
F1-score 0.16 0.42 0.30 0.23 0.64 0.44 (0.55) | 0.32(0.44) | 0.26 (0.42) 0.29 (0.53)
C-index 0.54 0.64 0.58 0.57 0.84 0.74 0.65 0.80 0.71

6 months
Sensitivity/

Specificity, % 8/98 29/95 17/98 13/98 79/82 33 (47)/93 | 17 (24)/100 | 21 (50)/90 17 (33)/98
F1-score 0.14 0.39 0.27 0.21 0.62 0.41 (0.50) | 0.29(0.38) | 0.26 (0.40) 0.27 (0.44)
C-index 0.53 0.62 0.57 0.56 0.79 0.69 0.62 0.70 0.65

12 months
Sensitivity/

Sy ey, 8/99 27/95 19/99 15/99 77/84 35 (47)/94 | 15(21)/100 | 23 (50)/90 15 (29)/98
F1-score 0.14 0.37 0.31 0.26 0.66 0.44 (0.53) | 0.27 (0.35) | 0.29 (0.44) 0.25 (0.40)
C-index 0.53 0.61 0.58 0.57 0.79 0.70 0.61 0.70 0.63

Note: Sensitivity, specificity, C-index values shown in parentheses exclude the cases for which it was not possible to calculate the prognostic index




The sensitivity of all preoperative models for the periods of 1, 3, 6
and 12 months after transplantation did not exceed 33%, the F1-score was
less than 0.5, and the C-index ranged from 0.53 to 0.64. The obtained values
of the metrics indicate a low predictive value of the models being studied.

Comparable values of sensitivity, specificity, F1 were obtained for
postoperative models, when all cases were analyzed. Exclusions from the
calculations of graft losses that occurred earlier than 3 days (for MEAF),
earlier than 7 days (for L-GrAFT and ABC), and earlier than 10 days (for
EASE) were associated with an increase in sensitivity and F1: the values
are presented in parentheses in Table. 4. Provided that the graft loss did
not occur before the end of the data collection period, the prediction
accuracy can be considered satisfactory for all postoperative models.

The prognostic value of the development of the early liver graft
dysfunction meeting the K.M. Olthoff et al criteria turned out to be
significantly higher compared to other postoperative models.

To achieve the maximum possible local predictive value of the
models, an additional search for new cut-off values was performed: ROC
analysis with maximization by F1-score. The following values were
obtained: DRI > 1.16, SOFT > 11, D- MELD > 1424, BAR > 14,
MEAF > 6.7, L-GrAFT > -0.87, EASE > 7, ABC > 1.83. A significant
improvement in metrics was obtained for SOFT, BAR, MEAF and L-
GrAFT (Table 5).



Table 5. Sensitivity, specificity, Fl-score, C-index of preoperative
(SOFT, BAR), and postoperative (MEAF, L-GrAFT) models for
predicting liver allograft loss at timepoints of 1, 3, 6, and 12 months

after surgery using new cut-off values

SOFT BAR MEAF L-GraFT
Cut-off value >11 > 14 >6.7 >-0.87

1 (3) month(s)
Sensitivity/
Gy T, % 52/86 38/96 48 (71)/93 52 (79)/97
F1-score 0.46 0.47 0.51(0.63) | 0.63(0.79)
C-index 0.69 0.66 0.81 0.87
6 months
Sensitivity/
Sy Ty, % 46/86 33/95 42 (59)/92 46 (65)/97
F1-score 0.45 0.43 0.48 (0.57) | 0.58 (0.71)
C-index 0.65 0.64 0.75 0.80
1 year
Sensitivity/ 46/86 | 35/96 | 42(58)/93 | 42 (58)/97
Specificity, %
F1-score 0.47 0.46 0.50 (0.60) | 0.55(0.67)
C-index 0.65 0.64 0.74 0.77

Thus, SOFT became the best of the preoperative models with a
selected cut-off point of 11, and L-GrAFT with a cut-off value of -0.87
was the best among postoperative models. Comparable prognostic value
was demonstrated by the EAD criteria with their advantage of possibly
establishing the dysfunction diagnosis before the end of the 7-day
observation period as soon as by the end of the first postoperative day

based on the level of aminotransferases.

Discussion

The use of predictive models in organ transplantation, in particular
the liver, has two practical goals:

1) Selecting the patient from the waiting list who will benefit from

transplantation of a particular donor organ most of all other candidates;



2) Pre- and postoperative identification of patients with an
increased risk of adverse transplant outcome and in need of a change in
the standard tactics of treatment and follow-up.

In liver transplantation, there are two objective conditionally
insurmountable circumstances that determine the initial choice of patients
for transplantation: the incompatibility of the blood types of the donor
and the candidate for transplantation and the anthropometric discrepancy
(excess) of the donor liver size to the size of the upper abdominal cavity.
Once these situations have been ruled out, patient selection is based on
the individual risk of death if surgery is not performed and if an organ
from an available actual or effective post-mortem donor is used. The time
depth of the assessment of these risks does not exceed one year and, as a
rule, makes 1-3 months. Surgery is considered appropriate provided that
it does not at least worsen the patient's prognosis.

Predicting clinical outcomes is a non-trivial multiparametric
problem, the solution of which lies in the plane of comparing the
characteristics of transplant candidates and the donor to a retrospective
cohort of cases with known characteristics and outcomes. Technically,
this can be implemented using various statistical methods, machine
learning algorithms, and artificial neural networks.

The most common and validated on a large number of cases model
that predicts the probability of death in patients with liver cirrhosis is
MELD [25], as well as its later modifications MELD-Na [26] and MELD
3.0 [27]. In many countries, including Russia, MELD is a key indicator
for liver transplant prioritization. The severity of the patient's condition
before transplantation will have a direct impact on its outcome. No less,
and in many cases a significantly greater contribution, will be made by
the parameters of the donor organ, which should also be taken into

account when predicting the transplant result.



Often a judgment about the suitability of an organ for transplantation
IS made in isolation, i.e. without taking into account data on candidates for
transplantation. This approach is acceptable and aimed at excluding cases
when, during the operation, regardless of the recipient characteristics, an
unfavorable outcome is inevitable or will occur with a very high probability.
However, there remains a non-zero probability of non-functioning or
primary (donor related) severe dysfunction for organs deemed suitable for
transplantation. An attempt to grade this probability led to the emergence of
categories: “ideal donor”, “standard donor”, “suboptimal donor”, “expanded
criteria donor”, “marginal donor”, etc. The list of parameters and their cut-
off values used for categorization are often chosen empirically or based on
statistical calculations that are insufficient in power.

The concept of a Donor Risk Index (DRI) proposed by S. Feng et
al. [11] in 2006 to assess the probability of an adverse outcome of liver
transplantation based on donor characteristics, made it possible to move
from taking into account individual factors to a quantitative risk
assessment, which is determined by their various combinations. The
authors emphasize that, ultimately, the decision to take the risk of
transplantation or to continue waiting remains with the doctors and their
patients, and DRI is a tool to make this decision rationally.

The SOFT [12], D-MELD [13], and BAR [14] models combine
both transplant candidate risk factors and donor organ risk factors and, in
general, have similar predictive value. It is important to note that all of
them were developed on the basis of data on liver transplants performed
in the USA and accumulated by UNOS: SOFT (February 1, 2002—August
1, 2006; n=21,673), D-MELD (01.01.2003-12.31.2006; n=17,942), BAR
(December 27, 1987-September 30, 2010; n=37,255). Probably, it is this

circumstance that can affect the accuracy of prediction when using these



models in other regions and countries, being actualized as a “country
effect”, similar in essence to the well-known “center effect” [28, 29].

Assessing the predictive value of preoperative models on their own
cohort of cases, including after searching for new cut-off values, showed
that the best accuracy can be expected when using SOFT (C-index 0.69;
F1-score 0.46; cut-off values, value > 11 points) and BAR (C-index 0.66;
F1-score 0.47; cut-off value > 14 points) (Fig. 8).

The relevance of predicting the outcome of transplantation remains
after the surgery completion. Features of the intraoperative period, the
events of the next postoperative hours and days can radically change the
initial ideas about the risk of a poor outcome. This should determine the
tactics of intensive care, subsequent treatment and follow-up, as well as
the making a timely decision on retransplantation, if other options for
saving the life of the recipient have been exhausted.

The key value in determining the prognosis is not the absolute values
of any parameters at a particular moment, but their dynamics or maximum
value over a certain period of time. The models we considered require a
period of follow-up and data collection from 3 days (MEAF [16]) to 10 days
(EASE [18]) after transplantation. On the one hand, an increase in this period
helps to refine the prognosis, and on the other hand, it limits the applicability
of the model due to the impossibility of obtaining an assessment in situations
where pathophysiological processes proceed so quickly that they lead to a
graft loss or death in the coming days after surgery. This shortcoming is
clearly demonstrated by our own data. In 21 cases of an early graft loss that
occurred within the first month after surgery, at least one of the prognostic
indices could be calculated for only 2/3 of the cases.

L-GrAFT index should be singled out separately [17]. Despite the
fact that its calculation requires data on daily values of AST, total

bilirubin, INR, and platelet count during the first postoperative week, the



model is designed in such a way that a preliminary result can be obtained
as soon as on the 2nd day, and further data entry will refine the prognosis.

This also concerns the EAD criteria [20]: for establishing the fact
of dysfunction, at least one of three conditions is required: the level of
AST/ALT is more than 2000 U/L in the interval from the 1% to the 7"
day, the total bilirubin is above 10 mg/dL (171 umol/L) on day 7, INR >
1.6 on day 7. Thus, the level of aminotransferases, which exceeds the cut-
off value, as soon as one day after transplantation, makes it possible to
establish the diagnosis of EAD.

It should be noted that it was the EAD criteria, which in essence
are not a predictive model and were developed not as such, in the studied
cohort of cases most accurately assessed the risk of graft loss at various
times, up to 1 vyear after surgery. Similar predictive value was
demonstrated by the L-GrAFT model when using a locally established
cut-off value, of -0.87 (Fig. 8).
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Fig. 8. F1-score and C-index values for preoperative (round markers)
and postoperative (square markers) models using known (black
markers) and established by the study local (white markers) cut-off
values when predicting a graft loss in the first 1(3) month(s) after

liver transplantation



The undertaken analysis of applicability and predictive value of the
most common models for risk assessment of early adverse outcome of
liver transplantation is the most detailed analysis ever conducted in
Russia. The results obtained correspond to foreign studies similar in
design [21-24, 30-32].

It is important to note that the problem of predicting complications
and outcomes of patients in need of transplantation and liver transplant
recipients is relevant and is in the focus of attention of Russian
transplantation centers, which is confirmed by the topics of publications
and dissertations.

In his study, 1.V. Pogrebnichenko (2014) proposed clinical and
morphological criteria for the suitability of a deceased-donor liver of for
transplantation, and the assessed the contribution of donor factors to the
development of an early graft dysfunction [33]. V.A. Gulyaev (2016)
developed the system for assessing the quality of a donor liver, which
was designed to predict its function after transplantation, reduce the rate
of unmotivated refusals from transplantation, and improve clinical results
when suboptimal quality allografts were used [34]. K.K. Gubarev (2022)
clarified the eligibility criteria and risks of liver transplantation, taking
into account the predicted duration and route of donor organ
transportation [35]. M.G. Minina et al. (2022) studied a nine-year
evolution of the characteristics of effective liver donors, and identified
prospects for further expanding the criteria for liver suitability for
transplantation [36].

The role of factors of candidates for transplantation and recipients
of the liver determining the prognosis was also studied. V.L. Korobka et
al. studied the informative value of the MELD, Child-Turcotte-Pugh and



Charlson indices for assessing liver function and predicting deterioration
in the condition of patients on the waiting list [37], established predictors
and exclusion criteria for liver failure recompensation [38], and also
proposed their own predictive model for evaluating the mortality risk
during the period of waiting for surgery and, based on it, the criteria for
choosing a candidate for transplantation [39].

Ya.G. Moisyuk et al. were the first in Russia to validate the EAD
criteria, and to determine the effects of the donor and recipient factors,
and the surgery characteristics on the initial function of grafts and long-
term prognosis [40]. Having made a multivariate analysis, S.1. Zubenko et
al. [41] obtained interesting, but at the same time controversial data,
according to which plasma creatinine of a deceased donor is the only
factor that statistically significantly affects the outcome of liver
transplantation. The same study showed no effect of DRI on surgical
outcomes, which was consistent with our results.

Despite the possible increase in the accuracy of newly created
prognostic models based on deep machine learning algorithms [41], the
search for additional, objective methods for assessing the condition of
donor organs seems to be no less promising approach. M.S. Novruzbekov
et al. [42] proposed a "Method for selecting a donor organ for liver
transplantation" based on the assessment of the indocyanine green
clearance in brain-dead donors. In an experiment on the isolated liver of a
laboratory pig O.N. Reznik et al. [43] and A.E. Skvortsov et al. [44] using
a human liver unsuitable for clinical transplantation tested samples of the
first domestic device for normothermic perfusion. D.A. Granov et al. [45]
proposed a “Method for Predicting the Risk of Early Cadaveric Liver
Transplant Dysfunction,” based on measuring the ratio of potassium to
glucose concentrations in the physiological solution flowing from the

donor liver used to wash it from the preservation agent. Aimed at



predicting and immediately diagnosing EAD, our group conducted the
studies in 2018-2022, that are still under way to monitor the parameters of
interstitial glucose metabolism in the liver of a deceased donor during
preservation and after transplantation using microdialysis technology [46].
An analysis of the applicability and accuracy of widely accepted
models for assessing the risk of early adverse outcome of deceased-donor
liver transplantation demonstrated their relatively low significance. This
raises the question of the adequacy of their routine use in clinical practice
and at the same time determines the relevance of developing new models
based on update machine learning algorithms. The optimal format for
such work seems to be a multicenter study. The search for new objective
predictors of poor initial function of allografts, including the liver, is a
promising scientific and clinical trend in the field of organ donation and

transplantation.

Conclusions

1. The most common preoperative models for assessing the risk of
poor outcome after deceased-donor liver transplantation have a relatively
low prognostic value: DRI (F1-score: 0.16; C-index: 0.54), SOFT (F1-
score: 0.42; C-index: 0.64), D-MELD (F1-score: 0.30; C- index: 0.58),
BAR (F1-score: 0.23; C-index: 0.57).

2. The use of postoperative prognostic models involves the collection
of data on the recipient during the first 3-10 days after transplantation. This
significantly limits their applicability, especially in the group of patients
where a poor outcome occurred within the next few days.

3. For some models, a local increase in the prediction accuracy can
be achieved by searching for new cut-off values. For example, the
transition from cut-off 1.30 to (-0.87) when calculating L-GrAFT score

was accompanied by an increase in F1- score from 0.32 to 0.63, and C-



index from 0.65 to 0.87. Such “tuning”, in addition to a confident
knowledge of statistical analysis skills, requires the availability of the
most complete set of data on at least several dozen of previously
performed transplantations.

4. Criteria for early allograft dysfunction proposed and validated by
K. M. Olthoff et al. demonstrated both high applicability (100%) and
accuracy (F1-score: 0.64; C-index: 0.84) for postoperative risk prediction
of early liver allograft loss.

5. The annually increasing number of liver transplants performed in
Russia determines the increasing attention of transplantation centers to
the problem of predicting the surgery outcomes, high relevance, and most
importantly, the possibility of creating new models based on their own
data. The optimal format for such future work should be considered a
multicenter study.

6. The development of new objective methods for predicting and
diagnosing the initial function of the donor liver and other organs is
difficult, requires significant material resources and time costs, but is the

most promising in terms of expected results.

References

1. Ivanics T, Wallace D, Abreu P, Claasen MPAW, Callaghan C,
Cowling T, et al. Survival after liver transplantation: an international
comparison between the United States and the United Kingdom in the
years 2008-2016. Transplantation. 2022;106(7):1390-1400. PMID:
34753895 https://doi.org/10.1097/TP.0000000000003978

2. Adam R, Karam V, Cailliez V, O Grady JG, Mirza D, Cherqui D,
et al. 2018 annual report of the European Liver Transplant Registry (ELTR)
— 50-year evolution of liver transplantation. Transpl Int. 2018;31(12):1293-
1317. PMID: 30259574 https://doi.org/10.1111/tri.13358



3. Yang LS, Shan LL, Saxena A, Morris DL. Liver transplantation: a
systema-tic review of long-term quality of life. Liver Int. 2014;34(9):1298-
313. PMID: 24703371 https://doi.org/10.1111/liv.12553

4. Ohe H, Hoshino J, Ozawa M. Factors affecting outcomes of liver
transplantation: an analysis of OPTN/UNOS database. Clin Transpl.
2011:39-53. PMID: 22755400

5. Haddad L, Cassenote AJ, Andraus W, de Martino RB, Ortega NR,
Abe JM, et al. Factors associated with mortality and graft failure in liver
transplants: a hierarchical approach. PLoS One. 2015;10(8):e0134874.
PMID: 26274497 https://doi.org/10.1371/journal.pone.0134874

6. Johnson SR, Alexopoulos S, Curry M, Hanto DW. Primary
nonfunction (PNF) in the MELD era: an SRTR database analysis. Am J
Transplant. 2007;7(4):1003-1009. PMID: 17286618
https://doi.org/10.1111/j.1600-6143.2006.01702.x

7. Lewis A, Koukoura A, Tsianos GI, Gargavanis AA, Nielsen AA,
Vassiliadis E. Organ donation in the US and Europe: the supply vs
demand imbalance. Transplant Rev (Orlando). 2021;35(2):100585.
PMID: 33071161 https://doi.org/10.1016/j.trre.2020.100585

8. Neuberger J. Liver allocation. Minerva Gastroenterol Dietol.
2018;64(2):170-179. PMID: 29125260
https://doi.org/10.23736/S1121-421X.17.02452-7

9. Lee E, Johnston CJC, Oniscu GC. The trials and tribulations of
liver allocation. Transpl Int. 2020;33(11):1343-1352. PMID: 32722866
https://doi.org/10.1111/tri.13710

10. Gautier SV, Khomyakov SM. Organ donation and
transplantation in the Russian Federation in 2021. 14™ Report from the
Registry of the Russian Transplant Society. Russian Journal of
Transplantology and Artificial Organs. 2022;24(3):8-31. (In Russ.).
https://doi.org/10.15825/1995-1191-2022-3-8-31



11. Feng S, Goodrich NP, Bragg-Gresham JL, Dykstra DM,
Punch JD, DebRoy MA, et al. Characteristics associated with liver graft
failure: the concept of a donor risk index. Am J Transplant.
2006;6(4):783-790. PMID: 16539636
https://doi.org/10.1111/j.1600-6143.2006.01242.x

12. Rana A, Hardy MA, Halazun KJ, Woodland DC, Ratner LE,
Samstein B, et al. Survival outcomes following liver transplantation
(SOFT) score: a novel method to predict patient survival following liver
transplantation. Am J Transplant. 2008;8(12):2537-2546. PMID:
18945283 https://doi.org/10.1111/j.1600-6143.2008.02400.x

13. Halldorson JB, Bakthavatsalam R, Fix O, Reyes JD, Perkins
JD. D-MELD, a simple predictor of post liver transplant mortality for
optimization of donor/recipient matching. Am J Transplant.
2009;9(2):318-326. PMID: 19120079
https://doi.org/10.1111/j.1600-6143.2008.02491.x

14. Dutkowski P, Oberkofler CE, Slankamenac K, Puhan MA,
Schadde E, Mullhaupt B, et al. Are there better guidelines for allocation
in liver transplantation? A novel score targeting justice and utility in the
model for end-stage liver disease era. Ann Surg. 2011;254(5):745-753.
PMID: 22042468 https://doi.org/10.1097/SLA.0b013e3182365081

15. Braat AE, Blok JJ, Putter H, Adam R, Burroughs AK, Rahmel
AO, et al. The Eurotransplant donor risk index in liver transplantation:
ET-DRI. Am J Transplant. 2012;12(10):2789-2796. PMID: 22823098
https://doi.org/10.1111/j.1600-6143.2012.04195.x

16. Pareja E, Cortes M, Hervas D, Mir J, Valdivieso A, Castell JV,
et al. A score model for the continuous grading of early allograft
dysfunction severity. Liver Transpl. 2015;21(1):38-46. PMID: 25204890
https://doi.org/10.1002/1t.23990



17. Agopian VG, Harlander-Locke MP,  Markovic D,
Dumronggittigule W, XiaV, Kaldas FM, et al. Evaluation of early
allograft function using the liver graft assessment following
transplantation risk score model. JAMA Surg. 2018;153(5):436-444.
PMID: 29261831 https://doi.org/10.1001/jamasurg.2017.5040

18. Avolio AW, Franco A, Schlegel A, Lai Q, Meli S, Burra P, et
al. Development and validation of a comprehensive model to estimate
early allograft failure among patients requiring early liver retransplant.
JAMA Surg. 2020;155(12):e204095. PMID: 33112390
https://doi.org/10.1001/jamasurg.2020.4095

19. Rhu J, Kim JM, Kim K, Yoo H, Choi GS, Joh JW. Prediction
model for early graft failure after liver transplantation using aspartate
aminotransferase, total bilirubin and coagulation factor. Sci Rep.
2021;11(1):129009. PMID: 34145352
https://doi.org/10.1038/s41598-021-92298-6

20. Olthoff KM, Kulik L, Samstein B, Kaminski M, Abecassis M,
Emond J, et al. Validation of a current definition of early allograft
dysfunction in liver transplant recipients and analysis of risk factors.
Liver Transpl. 2010;16(8):943-949. PMID: 20677285
https://doi.org/10.1002/1t.22091

21. Lozanovski VJ, Probst P, Arefidoust A, Ramouz A,
Aminizadeh E, Nikdad M, et al. Prognostic role of the Donor Risk Index,
the Eurotransplant Donor Risk Index, and the Balance of Risk score on
graft loss after liver transplantation. Transpl Int. 2021;34(5):778 800.
PMID: 33728724 https://doi.org/10.1111/tri.13861

22. Rana A, Jie T, Porubsky M, Habib S, Rilo H, Kaplan B, et al.
The survival outcomes following liver transplantation (SOFT) score:

validation with contemporaneous data and stratification of high-risk



cohorts. Clin Transplant. 2013;27(4):627 632. PMID: 23808891
https://doi.org/10.1111/ctr.12181

23. Schlegel A, Linecker M, Kron P, Gyori G, De Oliveira ML,
Millhaupt B, et al. Risk assessment in high- and low-MELD liver
transplantation. Am J Transplant. 2017;17(4):1050-1063. PMID:
27676319 https://doi.org/10.1111/ajt. 14065

24. Moosburner S, Wiering L, Roschke NN, Winter A, Demir M,
GaRner JIMGV, et al. Validation of risk scores for allograft failure after
liver transplantation in Germany: a retrospective cohort analysis. Hepatol
Commun. 2023;7(1):e0012. PMID: 36633496
https://doi.org/10.1097/HC9.0000000000000012

25. Kamath PS, Wiesner RH, Malinchoc M, Kremers W, Therneau
TM, Kosberg CL, et al. A model to predict survival in patients with
end-stage liver disease. Hepatology. 2001;33(2):464-470. PMID:
11172350 https://doi.org/10.1053/jhep.2001.22172

26. Biggins SW, Kim WR, Terrault NA, Saab S, Balan V, Schiano
T, et al. Evidence-based incorporation of serum sodium concentration
into MELD. Gastroenterology. 2006;130(6):1652-1660. PMID:
16697729 https://doi.org/10.1053/j.gastro.2006.02.010

27. Kim WR, Mannalithara A, Heimbach JK, Kamath PS, Asrani
SK, Biggins SW, et al. MELD 3.0: the model for end-stage liver disease
updated for the modern era. Gastroenterology. 2021;161(6):1887-
1895.e4. PMID: 34481845 https://doi.org/10.1053/j.gastro.2021.08.050

28. Asrani SK, Kim WR, Edwards EB, LarsonJJ, Thabut G,
Kremers WK, et al. Impact of the center on graft failure after liver
transplantation. Liver Transpl. 2013;19(9):957-964. PMID: 23784730
https://doi.org/10.1002/1t.23685

29. Blok JJ, de Boer JD, Putter H, Rogiers X, Guba MO,

Strassburg CP, et al. The center effect in liver transplantation in the



Eurotransplant region: a retrospective database analysis. Transpl Int.
2018;31(6):610-619. PMID: 29406577 https://doi.org/10.1111/tri.13129

30. Torterolli F, Watanabe RK, Tabushi FI, Peixoto IL, Nassif
PAN, Tefilli NL, et al. BAR, SOFT and DRI post-hepatic transplantation:
what is the best for survival analysis? Arq Bras Cir Dig.
202111;34(1):e1576. PMID: 34133523
https://doi.org/10.1590/0102-672020210001e1576

31. Blok JJ, Putter H, Metselaar HJ, Porte RJ, Gonella F, de Jonge
J, et al. ldentification and validation of the predictive capacity of risk
factors and models in liver transplantation over time. Transplant Direct.
2018;4(9):e382. PMID: 30234151
https://doi.org/10.1097/TXD.0000000000000822

32.Chen S, Wang T, Luo T, He S, Huang C, Jia Z et al. Prediction
of graft survival post-liver transplantation by L-GrAFT risk score model,
EASE score, MEAF scoring, and EAD. Front Surg. 2021;8:753056.
PMID: 34869560 https://doi.org/10.3389/fsurg.2021.753056

33. Pogrebnichenko V. Effektivnoe ispol'zovanie pecheni
mul'tiorgannogo donora dlya transplantatsii: Cand. med. sci. diss.
Synopsis. Moscow; 2014. Available at:
https://www.transpl.ru/images/cms/data/pdf/avtoreferat_k_diss_pogrebni
chenko_v_pechat.pdf [Accessed March 22, 2023]. (In Russ.).

34. Gulyaev VA. Povyshenie effektivnosti transplantatsii pecheni
putem sovershenstvovaniya tekhnologii iz"yatiya 1 podgotovki
transplantata: Dr. med. sci. diss. Synopsis. Moscow; 2016. Available at:
https://med.ru/sites/default/files/docs/Avtoref Guliaev.pdf [Accessed
March 22, 2023]. (In Russ.).

35. Gubarev  KK. Optimizatsiya  mezhregional’noy i
mezhvedomstvennoy sistemy koordinatsii posmertnogo donorstva organov i

tkaney cheloveka: Dr. med. sci. diss. Synopsis. Moscow; 2022. Available at:



https://sklif.mos.ru/upload/iblock/7f9/x5xai2cmzsi40912nno2woymig9sfOlt
.pdf [Accessed March 22, 2023]. (In Russ.).

36. Minina MG, Voronov DV, Tenchurina EA. Evolution of liver
donation in Moscow. Movement towards expanded donor selection criteria.
Russian Journal of Transplantology and Artificial Organs. 2022;24(3):102-
110. (In Russ.). https://doi.org/10.15825/1995-1191-2022-3-102-110

37. Korobka VL, Pak ES, Shapovalov AM, Kostrykin MU,
Tkachev AV. Analysis of four-year management of the waiting list for
liver transplantation in Rostov region: prospects for reducing mortality of
candidates listed for liver transplantation. Medical Herald of the South of
Russia. 2019;10(3):32-39. (In Russ.).
https://doi.org/10.21886/2219-8075-2019-10-3-32-39

38. Korobka VL, Pasechnikov VD, PakES, Kostrykin MY,
Tkachev AV, Balin NI, et al. Delisting of liver transplant candidates
following recompensation of chronic liver diseases - patient
characteristics and predictors of delisting: a prospective study. Russian
Journal of Transplantology and Artificial Organs. 2019;21(4):26-35. (In
Russ.). https://doi.org/10.15825/1995-1191-2019-4-26-35

39. Korobka VL, Kostrykin MYu, Pak ES, Dabliz RO, Shapovalov
AM. Predicting death in patients with end-stage liver disease: a new model
for assessing disease severity. Innovative Medicine of Kuban. 2020;(2):21-
27. (In Russ.). https://doi.org/10.35401/2500-0268-2020-18-2-21-27

40. Moysyuk YG, Poptsov VN, Sushkov Al, Moysyuk LY,
Malinovskaya YuO, Belskikh LV. Early liver allograft dysfunction: risk
factors, clinical course and outcomes. Transplantologiya. The Russian
Journal of Transplantation. 2016;(2):16-28. (In Russ.).

41. Ferrarese A, Sartori G, Orru G, Frigo AC, Pelizzaro F, Burra P,

et al. Machine learning in liver transplantation: a tool for some unsolved



questions? Transpl Int. 2021;34(3):398-411. PMID: 33428298
https://doi.org/10.1111/tri.13818

42. Novruzbekov MS, Olisov OD, Magomedov KM. Patent Ne
2652065 C1 Russian Federation. Sposob otbora donorskogo organa dlya
transplantatsii pecheni. Ne 2017141179. Stated November 27, 2017,
published  April 24, 2018. Bull. Nel12. Available at:
https://elibrary.ru/download/elibrary 37366995 36132028.PDF
[Accessed March 22, 2023].

43. Reznik ON, Skvortsov AE, Lopota AV, Gryaznov NA,
Kharlamov VV, Kireeva GS. Perfusion device for liver preservation ex
vivo before transplantation: first experimental study. Russian Journal of
Transplantology and Artificial Organs. 2017;19(1):35-40. (In Russ.)
https://doi.org/10.15825/1995-1191-2017-1-35-40

44, Skvortsov AE, Kutenkov AA, Reznik ON.
Apparatno-perfuzionnoye  «ozhivleniye» izolirovannoy donorskoy
pecheni ex vivo. Russian Journal of Transplantology and Artificial
Organs. 2020;19(S):83-84. Available at:
https://journal.transpl.ru/vtio/article/view/1220/992 [Accessed March 22,
2023]. (In Russ.).

45. Granov DA, Zherebtsov FK, Borovik VV, Tileubergenov II,
Belov AD, Zhuykov VN, et al. Patent Ne 2765462 C1 REF. Sposob
prognozirovaniya riska vozniknoveniya ranney disfunktsii transplantata
trupnoy pecheni. Ne 2021117157. Stated June 11, 2021; published
January 31, 2022. Bull. Ne 4. Available at:
https://elibrary.ru/download/elibrary 47993013 39892098.PDF 992
[Accessed March 22, 2023]. (In Russ.).

46. Sushkov Al, Voskanyan SE, Rudakov VS, Popov MV,
Gubarev KK, Svetlakova DS, et al. Interstitial glucose metabolism

monitoring as an additional method for objective assessment of donor



liver, prediction and immediate diagnosis of early graft dysfunction.
Sovrem  Tekhnologii Med.  2022;14(3):28-41. (In  Russ.)
https://doi.org/10.17691/stm2022.14.3.04

Information about the authors

Alexander I. Sushkov, Cand. Sci. (Med.), Head of Laboratory of
New Surgical Technologies, State Research Center — Burnasyan Federal
Medical Biophysical Center of Federal Medical Biological Agency,
https://orcid.org/0000-0002-1561-6268, sushkov.transpl@gmail.com

35%, development of the study concept and design, data collection
and analysis, preparation of the manuscript for publication

Maxim V. Popov, Cand. Sci. (Med.), Senior Researcher,
Laboratory of New Surgical Technologies; Surgeon, Department of X-ray
Surgical Methods of Diagnostics and Treatment, State Research Center —
Burnasyan Federal Medical Biophysical Center of Federal Medical
Biological Agency, https://orcid.org/0000-0002-6558-7143

15%, data collection and analysis, preparation of the manuscript for
publication.

Vladimir S. Rudakov, Cand. Sci. (Med.), Surgeon, Surgical
Department for the Coordination of Donation of Organs and (or) Human
Tissues, State Research Center — Burnasyan Federal Medical Biophysical
Center of Federal Medical Biological Agency, https://orcid.org/0000-
0002-3171-6621

5%, data collection and analysis

Daria S. Svetlakova, Junior Researcher, Laboratory of New Surgical
Technologies; Surgeon, Surgical Department for the Coordination of

Donation of Organs and (or) Human Tissues, State Research Center —



Burnasyan Federal Medical Biophysical Center of Federal Medical
Biological Agency, https://orcid.org/0000-0002-2274-6204

3%, data collection and analysis

Anton N. Pashkov, Surgeon, Surgery and Transplantation Center,
State Research Center — Burnasyan Federal Medical Biophysical Center
of Federal Medical Biological Agency

3%, data collection

Anna S. Lukianchikova, Laboratory Assistant, Laboratory of New
Surgical Technologies; Resident, Surgery and Transplantation Center,
State Research Center — Burnasyan Federal Medical Biophysical Center
of Federal Medical Biological Agency

3%, data collection

Marlen Muktarzhan, Surgeon, Surgical Department for the
Coordination of Donation of Organs and (or) Human Tissues, State
Research Center — Burnasyan Federal Medical Biophysical Center of
Federal Medical Biological Agency, https://orcid.org/0000-0003-4967-1588

3%, data collection

Konstantin K. Gubarev, Dr. Sci. (Med.), Head of the Surgical
Department for the Coordination of Donation of Organs and (or) Human
Tissues, State Research Center — Burnasyan Federal Medical Biophysical
Center of Federal Medical Biological Agency, https://orcid.org/0000-
0001-9006-163X

3%, data collection and analysis

Vladimir E. Syutkin, Dr. Sci. (Med.), Professor of the Surgery
Department with the Courses of Oncology, Anesthesiology and
Resuscitation, Endoscopy, Surgical Pathology, Clinical Transplantation
and Organ Donation, the Medical and Biological University of Innovation

and Continuing Education at the State Research Center — Burnasyan



Federal Medical Biophysical Center of Federal Medical Biological
Agency, https://orcid.org/0000-0001-8391-5211

5%, data collection and analysis

Alexey |. Artemyev, Cand. Sci. (Med.), Head of Surgical
Department No. 2, Surgery and Transplantation Center, State Research
Center — Burnasyan Federal Medical Biophysical Center of Federal
Medical Biological Agency, https://orcid.org/0000-0002-1784-5945

5%, data collection and analysis

Sergey E. Voskanyan, Corresponding Member of the Russian
Academy of Sciences, Prof., Dr. Sci. (Med.), Deputy Chief Physician for
Surgical Care — Head of Surgery and Transplantation Center, State Research
Center — Burnasyan Federal Medical Biophysical Center of Federal Medical
Biological Agency, https://orcid.org/0000-0001-5691-5398

20%, development of the study concept, data analysis, final

approval of the manuscript for publication

The article was received on April 27, 2023;
approved after reviewing May 15, 2023;
accepted for publication June 28, 2023



