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Objective: to improve the outcomes of liver transplantation (LTx) from expanded criteria donors (ECDs) through 
hypothermic oxygenated machine perfusion (HOPE). Material and methods. The study included 63 cases of 
LTx from suboptimal brain-dead donors. Group I (control) consisted of 34 persons in which liver transplant 
was preserved only by static cold storage (SCS), while group II (main) comprised 29 cases where ex situ HOPE 
was used after static preservation. We evaluated the efficacy and safety of the latter in a comparative clinical 
study and by studying ultrastructural changes in the liver using electron microscopy. Results. No statistically 
significant differences between the groups in terms of baseline characteristics of donors, recipients and several 
perioperative parameters (p > 0.05) were obtained. Peak aspartate aminotransferase (AST) and alanine amino-
transferase (ALT) levels in the first week after transplantation were 1,052 (IQR: 712–1,842) U/L and 1,213 (IQR: 
613–2,032) U/L in the HOPE group, and 1,943 (IQR: 1,294–5,214) U/L and 2,318 (IQR: 1,032–6,219) U/L in 
the SCS group (control). The levels were statistically significantly lower (p = 0.002 and p < 0.001, respectively). 
Median comprehensive complication index (CCI) in the main and control groups was 0 (IQR: 0–22.6) and 27.6 
(IQR: 0–100) respectively. The differences were statistically significant (p = 0.001). Similarly, statistically sig-
nificant differences were noted in terms of recipient time in the intensive care unit (ICU) and overall length of 
hospital stay (p = 0.042 and p = 0.028) – they were less in the HOPE group. Electron microscopy evaluation of 
the morphology of liver grafts revealed that hepatocytes sustained less injury during HOPE. Conclusion. Ex situ 
HOPE is a safe and effective way of preserving liver transplants. Its use in LTx from expanded criteria donors 
can lessen the severity of ischemia-reperfusion injury (IRI) in the organ and enable additional assessment of the 
suitability of an organ for transplantation.
Keywords:  liver  transplantation,  preservation,  expanded  criteria  donors.

Corresponding author: Pavel Drozdov. Address: 15/8, Brusilov str., Moscow, 117148, Russian Federation.
Phone: (962) 985-04-41. E-mail: dc.drozdov@gmail.com

inTrODucTiOn
Liver transplantation (LTx) is currently the only de-

finitive treatment for patients with end-stage liver di-
sease. From Thomas Starzl’s initial successful series of 
transplants in the 1960s to the present, this method has 
quickly expanded throughout the world and has become 
a routine clinical practice in many surgical centers. The 
availability of transplant care directly depends on do-
nor resources, which is in short supply worldwide. This 
inevitably leads to a higher number of waitlisted can-
didates and increased waitlist mortality. According to a 
2022 study by Eurotransplant, waitlist mortality reached 
33.9% in 2022, essentially unchanged from outcomes a 
decade ago [1].

The use of expanded criteria donors (ECDs) is an 
effective way to increase the availability of LTx, but it 
is associated with increased risk of adverse effects in the 
postoperative period. It is known that grafts obtained 
from suboptimal donors are more susceptible to ischemic 

injury during preservation and subsequent reperfusion 
injury in the recipient’s body [2]. Severe ischemia-re-
perfusion injury (IRI) causes early allograft dysfunction 
(EAD) [3]. According to the results of a large study from 
Mayo Clinic, the incidence of EAD was 26.5% and its 
development had a statistically significant impact on 
both immediate LTx outcomes and long-term recipient 
survival [4]. In some cases, EAD may be irreversible, 
which corresponds to primary graft nonfunction (PNF), 
with mortality exceeding 50% [5].

It is possible to reduce IRI severity in particular by 
improving graft preservation conditions. Perfusion me-
thods of liver preservation from ECDs in comparison 
have already proved their advantage over static cold 
storage in many studies [6–8]. For instance, according 
to a multicenter randomized trial, the use of hypother-
mic oxygenated machine perfusion (HOPE) in LTx from 
ECDs reduces the risk of EAD, early postoperative 
complications, and duration of hospital stay [7]. Never-
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theless, introduction of perfusion technologies into the 
clinical practice of transplant programs is still limited. 
Only a few centers in the Russian Federation routinely 
perform machine perfusion preservation of donor organs.

Since 2020, Botkin Hospital has been introducing 
and actively using various perfusion techniques used 
for preservation of solid organs [9–11]. In this study, we 
have analyzed the first results of HOPE application in 
LTx from suboptimal brain-dead donors.

MaTerial anD MeThODS
The study is based on analysis of the outcomes of 

treatment of 63 liver recipients operated at Botkin Hos-
pital from 2018 to 2023. In all cases, an isolated whole 
LTx from a brain-dead expanded criteria donor was per-
formed. Donor data were classified into expanded criteria 
risk factors as proposed by Eurotransplant. These are:
– Donor age >65 years;
– ICU stay >7 days;
– Body mass index (BMI) >30 kg/m2;
– Macrovesicular steatosis >40%;
– Sodium >155 mmol/L;
– ALT >105 U/L, AST >90 U/L;
– Total bilirubin >3 mg/dL.

Group characteristics
Group I (control group) included 34 cases in which 

liver graft was preserved only by static cold storage. The 
median age of recipients was 49 (IQR: 26–54) years, and 
median BMI was 24 (IQR: 21.0–32.0) kg/m2. Among all 
recipients, 21 (61.7%) were males and 13 (38.2%) were 
females. Median MELD score was 16 (IQR: 14–19). 
Donor age was 54 (IQR: 31–66) years and BMI was 
29 (IQR: 24.0–35.0) kg/m2. Median time in ICU was 
78 (IQR: 25.0–137.0) hours. Vasopressor therapy with 
norepinephrine was administered in all (100%) donors, 
among them 13 (34.7%) had the dose exceeding 1000 ng/
kg/min or a second vasopressor was used. Median serum 
sodium level was 148 (IQR: 134–155) mmol/L, AST and 
ALT were 44.0 (IQR: 24.0–79.0) and 59.0 (IQR: 26.0–
142) U/L, respectively. Mild steatosis (<40%) occurred 
in 10 (29.4%) and moderate (40–60%) in 24 (70.6%) 
liver transplants.

Group II (main group) included 29 recipients who-
se LTx was followed by HOPE after static storage. In 
7 cases, classic HOPE was performed exclusively via the 
portal vein, in 22 cases dual HOPE was carried out both 
via the portal vein and via the hepatic artery. Median age 
of recipients was 51 (IQR: 32–59) years and BMI was 
25 (IQR: 23.0–32.5). There were 16 males (55.2%) and 
13 females (44.8%). Median MELD score was 17 (IQR: 
14–20). Donor age was 58 (IQR: 31–67) years, BMI was 
29 (IQR: 25.0–33.0) kg/m2, and median ICU time was 
86 (IQR: 34.0–122.0) hours, respectively. Vasopressor 
therapy was administered in all (100%) donors, among 
them 13 (44.8%) had a norepinephrine dose exceeding 

1000 ng/kg/min or a second vasopressor was used. 
Median serum sodium level was 152 (IQR: 137–159) 
mmol/L, AST and ALT were 43.0 (IQR: 32.0–77.0) and 
59.0 (IQR: 22.0–82.5) U/L, respectively. Express or rou-
tine histological examination showed that mild steatosis 
(<40%) occurred in 9 (31%) and moderate (40–60%) in 
20 (69%) liver transplants. Detailed comparative charac-
teristics of the groups are presented in Table 1.

liver transplantation and postoperative 
period

Surgical interventions for liver removal from a de-
ceased donor were performed using standard conventio-
nal technique. In all cases, organs were preserved using 
Bretschneider’s solution (Custodiol HTK). Liver trans-
plantation in all cases was performed with preservation 
of recipient inferior vena cava and caval reconstruction 
using the Belghiti technique. The recipient was managed 
in the postoperative period according to standard proto-
cols in accordance with the National Clinical Guidelines. 
Basiliximab 20 mg was used as induction immunosup-
pressive therapy, administered intraoperatively and on 
day 4 after transplantation. Immediately before reperfusi-
on, methylprednisolone was administered intravenously 
at 10 mg per kg of the recipient’s weight, with subsequent 
reduction of the daily dose and complete withdrawal on 
day 4. For the majority of recipients, maintenance immu-
nosuppression consisted of extended-release tacrolimus 
monotherapy, the target level of which was maintained 
within 7–10 ng/mL.

IRI intensity was determined by the highest level 
of transaminases in the first week after transplantation. 
EAD was defined according to the criteria stipulated 
by Olthoff et al. [3] with at least one of the following 
laboratory characteristics:
– Total bilirubin ≥10 mg/dL (171 μmol/L) on day 7 

postoperatively;
– International normalized ratio (INR) ≥1.6 on day 7 

postoperatively;
– ALT or AST >2000 IU/mL within the first week after 

surgery.

Ex situ hypothermic oxygenated machine 
perfusion

HOPE was carried out in the operating room of the 
transplant unit (according to the back-to-base technique) 
using a heart-lung machine. The liver graft was asep-
tically removed from the transport container into the 
container with Bretschneider’s preservative solution 
(Custodiol HTK) cooled to 4–10 °C; the portal vein and 
graft artery were cannulated (Fig. 1, a). In the classic 
version, only the portal vein was cannulated (Fig. 1, b).

The perfusion procedure was performed by means 
of two roller pumps, two perfusion circuits and one 
oxygenator. The volumetric flow rates, determined by 



56

RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS Vol. XXV   № 2–2024

operation of the roller pumps, were selected by the ope-
rator to maintain a perfusion pressure of 5 mmHg for the 
portal system and 25 mmHg for the arterial system. The 
effluent flowing through the inferior vena cava into the 
container where the graft was placed was taken into the 
perfusion system by two cannulas fixed at the bottom 
of the container. A schematic representation of the dual 
liver perfusion system is presented in Fig. 2.

Perfusate temperature remained within 10 °C throug-
hout the entire procedure. Laboratory perfusion parame-
ters were monitored every 30 minutes: acid-base balance 
(with partial pressure of oxygen PaO2 determined), AST 

and ALT. The target PaO2 of the perfusion solution was 
maintained at 400–600 mmHg.

During perfusion, the graft was treated before trans-
plantation and its arteries were examined for leaks. Just 
before the graft was to be immersed into the wound, 
machine perfusion was terminated at the end of the he-
patectomy stage.

Morphological assessment of liver grafts 
during preservation

We carried out an electron microscopic study in order 
to determine the intensity of liver cell damage at the ult-
rastructural level under ischemic conditions, depending 

Table 1
Comparative analysis of liver transplant outcomes depending on preservation method

Indicator Subgroup I.I (SCS)
n = 34

Subgroup II.I (HOPE)
n = 29

Significance 
(р value)

Recipient characteristics
Recipient age (years) 49 (IQR: 26–54) 52 (IQR: 31–58) 0.32
Recipient male gender (n, %) 21 (61.7%) 15 (51.7%) 0.422
Recipient BMI (kg/m2) 24 (IQR: 21.0–32.0) 22 (IQR: 21.0–34.0) 0.29
MELD 16 (IQR: 14–19) 17 (IQR: 13–19) 0.531

Donor characteristics
Donor age (years) 54 (IQR: 31–66) 56 (IQR: 28–64) 0.357
Donor time in ICU (hours) 78 (IQR: 25.0–137.0) 86 (IQR: 32.0–166.0) 0.092
Donor BMI (kg/m2) 29 (IQR: 24.0–35.0) 32 (IQR: 25.0–38.0) 0.252
Noradrenaline dose >1000 ng/mL or 
2 vasopressors (n, %) 13 (34.7%) 7 (41.1%) 0.231

Na (mmol/L) 148 (IQR: 134–155) 142 (IQR: 135–154) 0.152
AST (U/L) 44.0 (IQR: 24.0–79.0) 47.0 (IQR: 24.0–78.0) 0.82
ALT (U/L) 59.0 (IQR: 26.0–142) 61.0 (IQR: 32.0–91.5) 0.139
Macrosteatosis >40% 24 (70.6%) 23 (79.3%) 0.564

Perioperative parameters
Cold ischemia time (hours) 5.2 (IQR: 4.4–8.0) 5.7 (IQR: 4.3–7.8) 0.29
Static cold storage time (hours) 7.2 (IQR: 4.8–8.3) 2.5 (IQR: 1.5–4.5) 0.012
Operation duration (min) 6.8 (IQR: 5.5–7.5) 6.3 (IQR: 4.8–8.3) 0.457
Secondary warm ischemia time (min) 40 (IQR: 30–45) 35 (IQR: 35–45) 0.28
Biliary ischemia time (min) 40 (IQR: 35–45) 40 (IQR: 35–50) 0.93
Blood loss (mL) 1400 (IQR: 1100–2500) 1100 (IQR: 1000–2500) 0.21
Reinfusion (mL) 300 (IQR: 100–450) 250 (IQR: 50–450) 0.62
FFP transfusion (doses) 6 (IQR: 3–8) 4 (IQR: 2–7) 0.42
Erythrocyte suspension transfusion (doses) 1 (IQR: 0–3) 1 (IQR: 0–2) 0.652

Immediate liver transplant outcomes
Length of stay in ICU (days) 5 (IQR: 3–9) 3 (IQR: 2–5) 0.042
Length of stay in hospital (days) 21 (IQR: 17–35) 15 (IQR: 12–24) 0.028
Peak AST level (U/L) 1052 (IQR: 712–1842) 1943 (IQR: 1294–5214) 0.002
Peak ALT level (U/L) 1213 (IQR: 613–2032) 2318 (IQR: 1032–6219) <0.001
EAD (n, %) 21 (61.8%) 12 (41.3%) 0.106
Non-specific surgical complications (n, %) 11 (32.3%) 5 (9.4%) 0.01
Arterial thrombosis (n, %) 3 (8.9%) 1 (3.4%) 0.383
CCI 27.6 (IQR: 0–100) 0 (IQR: 0–22.6) <0.001
Retransplantation (n, %) 1 (2.9%) 0 1
Mortality (n, %) 2 (5.9%) 0 0.495
Note. BMI, body mass index; ICU, intensive care unit; Na, sodium; AST, aspartate aminotransferase; ALT, alanine amino-
transferase; FFP, fresh frozen plasma; EAD, early allograft dysfunction; CCI, comprehensive complication index.
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Fig. 2. Schematic representation of dual HOPE of the liver graft

Fig. 1. Intraoperative photo: cannulation of the artery and portal vein of liver graft before the start of HOPE. a, dual perfusion 
of liver via the portal vein and hepatic artery; b, classic perfusion of liver via the portal vein

а b

on the preservation method. After graft delivery to the 
operating room, just before the beginning of machine 
perfusion, the first sample (1.1) was excised from the 
liver margin and fixed in formalin. At the same stage, a 
2×2 cm fragment was excised from the liver and separa-
tely immersed in a cooled non-oxygenated preservative 
solution. Upon completion of machine perfusion pre-
servation, the samples (1.2 and 1.3) were excised both 

from whole liver and from pre-cut fragments, which 
were under static cold storage conditions, and fixed in 
formalin. The sequence in which samples are taken for 
graft electron microscopy is presented in Fig. 3.

The immediate LTx outcomes depending on preser-
vation method were analyzed by us in a comparative 
clinical study.
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Fig. 3. Protocol for taking samples for liver graft electron microscopy

Statistics
Statistical data processing and analysis were per-

formed in the SPSS Statistics for Microsoft Windows 
26 version (USA) program. Mann–Whitney U test was 
used to compare two groups of quantitative indicators 
due to the small sample size regardless of distribution. 
Categorical indicators were compared using Pearson’s 
chi-squared test or Fisher’s exact test. To determine the 
relationship between quantitative indicators, correlati-
on analysis was performed with the determination of 
Spearman’s rank correlation coefficient ρ and the close-
ness of the relationship using the Chaddock scale. Dif-
ferences were considered statistically significant at p < 
0.05.

reSulTS
comparative analysis of liver transplant 
outcomes depending on preservation 
method

The groups were found to have no statistically signifi-
cant differences in terms of baseline donor and recipient 
characteristics (p > 0.05). The total cold storage time 
did not differ between the groups: 5.2 (IQR: 4.4–8.0) 
vs. 5.4 (IQR: 4.2–7.3), (p = 0.32). There were no stati-
stically significant differences in terms of total surgical 
intervention time, secondary warm ischemia time and 
biliary ischemia time (p > 0.05). Intraoperative blood 
loss and the need for blood transfusion also did not differ 
(p > 0.05).

Peak AST and ALT levels in the first week after 
transplantation in group II (HOPE) were 1052 (IQR: 
712–1842) U/L and 1213 (IQR: 613–2032) U/L. In the 
control group, these values were 1943 (IQR: 1294–5214) 
U/L and 2318 (IQR: 1032–6219) U/L, which were stati-
stically significantly lower than in the main group (p = 
0.002 and p < 0.001, respectively). At the same time, no 
statistically significant differences were found in EAD 
incidence (p = 0.106). However, it was lower in the ma-
chine perfusion preservation group: 41.3% (12/29) vs. 
61.8% (21/34). EAD was irreversible in two group I 

cases, which was considered as PNF, and resulted in 
early postoperative mortality of both recipients. In one 
case, retransplantation was performed for hepatic arte-
ry thrombosis. In group II, there was no postoperative 
mortality, PNF, or retransplantation.

Early postoperative complications were assessed by 
calculating comprehensive complication index (CCI) at 
the time of discharge. Median CCI was 0 (IQR: 0–22.6) 
in the main group, and 27.6 (IQR: 0–100) in the control 
group; the differences were statistically significant (p = 
0.001). Similarly, statistically significant differences 
were recorded in terms of the time the recipient spent 
in the ICU and the total length of stay in the hospital 
(p = 0.042 and p = 0.028) – these parameters were less 
in the machine perfusion preservation group. A compa-
rative analysis of LTx outcomes between the groups is 
presented in Table 1.

influence of laboratory perfusion parameters 
on clinical outcomes of liver transplantation

In group II (HOPE), we also examined the impact 
of perfusate laboratory markers (AST and ALT), deter-
mined at 30 minutes, on early postoperative transplant 
outcomes in group II (HOPE). Median perfusate AST 
level was 589 (IQR: 272–1712) U/L, and ALT level 
was 482 (IQR: 214–1513). In the first week following 
transplantation, these levels exhibited statistically signi-
ficant direct correlations with peak levels of these in the 
recipient’s blood. In particular, perfusate AST levels at 
30 minutes of perfusion correlated strongly with peak 
AST and ALT levels (ρ = 0.723 and ρ = 0.712, p < 0.001 
and p < 0.001). Perfusate ALT level also had statistically 
significant relationships with blood transaminases, alt-
hough not as strongly correlated (ρ = 0, 0.662 and ρ = 
0.389, p < 0.001 and p = 0.04). Perfusate AST and ALT 
levels had no significant associations with total bilirubin 
level and INR value on day 7 after transplantation (p > 
0.05). Length of ICU stay and total length of stay in the 
hospital were also not associated with perfusate transa-
minases (p > 0.05). The results are presented in Table 2.
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Morphological assessment of liver transplants 
depending on preservation method

Fig. 4, a shows an electron microscopy image of a he-
patocyte fragment from sample 1.1 (liver before perfusi-
on). Chromatin in the nucleus has a typical organization. 

The cytoplasm is filled with vesicles and mitochondria. 
The cristae in the granular endoplasmic reticulum are not 
dilated. The mitochondrial matrix is electronically dense, 
with few cristae. A similar picture was observed in sam-
ple 1.2 (liver after hypothermic oxygenated perfusion), 

Table 2
Influence of laboratory perfusion parameters on immediate liver transplant outcomes

Indicators Significance (р value) Spearman’s correlation coefficient ρ
AST level in the perfusate at 30 minutes of perfusion

Peak AST level in the first week <0.001 0.723
Peak ALT level in the first week <0.001 0.712
INR on day 7 0.63 –
Total bilirubin on day 7 0.34 –
CCI 0.212 –
Length of stay in ICU 0.79 –
Length of stay in hospital 0.43 –

ALT level in the perfusate at 30 minutes of perfusion
Peak AST level in the first week <0.001 0.662
Peak ALT level in the first week 0.04 0.389
INR on day 7 0.74 –
Total bilirubin on day 7 0.82 –
CCI 0.65 –
Length of stay in ICU 0.29 –
Length of stay in hospital 0.72
Note. AST, aspartate aminotransferase; ALT, alanine aminotransferase; INR, international normalized ratio; CCI, comprehen-
sive complication index; ICU, intensive care unit.

Fig. 4. Liver transplant electron microscopy: a, before preser-
vation (sample 1.1); b, after hope (sample 1.2); c, after static 
cold storage (sample 1.3)

а b

c

1 μm
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except for slight lucidity of the cytosol and swelling of 
the cristae in the granular endoplasmic reticulum. The 
ultrastructure of mitochondria is not altered (Fig. 4, b). 
On the contrary, during static liver preservation (sample 
1.3), there were pronounced ultrastructural changes in 
the hepatocytes. The structure of the mitochondria un-
derwent significant rearrangement, membrane stacks ap-
peared and the granular endoplasmic reticulum swelled 
(Fig. 4, c).

DiScuSSiOn
The findings reported in this paper further support the 

association between LTx from ECDs and increased risk 
of EAD and its adverse effects. Thus, it is imperative to 
develop and implement technologies aimed at preventing 
IRI to the liver graft.

Machine perfusion preservation was introduced into 
the clinical practice of LTx just over 10 years ago, but 
many studies have already shown that it is superior to 
static cold storage. Guarrera et al. (2010) demonstrated 
that HOPE resulted in lower severity of reperfusion in-
jury, lower incidence of EAD and shorter hospital stay 
[12]. Dutkowski et al. in 2014 published a successful 
experience of LTx from controlled non-heartbeating do-
nors, in which HOPE had outcomes comparable to those 
after transplantation from a brain-dead donor [13]. In our 
study, the use of HOPE was also associated with better 
liver transplant outcomes in the early postoperative pe-
riod. Compared to static storage, the degree of ischemic 
injury to the liver after perfusion was less significant, 
which was clearly confirmed by electron microscopy. 
The intensity of graft reperfusion injury, determined by 
peak transaminase levels during the first week, was sta-
tistically significantly lower in the machine perfusion 
preservation group than in the static preservation group 
(p < 0.05). We found no statistically significant reduction 
in EAD risk (p = 0.106). However, we attribute this to 
the small sample size. Meanwhile, CCI decreased signifi-
cantly (p = 0.001), which characterizes the prevalence of 
postoperative complications, duration of recipient’s stay 
in ICU (p = 0.042) and inpatient treatment (p = 0.028).

Apart from mitigating harm to the liver transplant 
during preservation, another advantage of HOPE was 
the ability to conduct further assessment of organ qua-
lity and suitability for transplantation. Thus, we found 
that perfusate transaminase levels at 30 minutes were 
directly correlated with those in the recipient’s blood 
after transplantation (p < 0.05).

However, the predictive value of these indicators is li-
mited as they did not show any correlation with immedi-
ate transplant outcomes. Nevertheless, we believe that it 
is advisable to determine the levels because the transplant 
team might decide not to proceed with transplantation 
if there are abnormally high AST and ALT levels in the 
perfusate since the risk of death is too high. Four such 
cases have led us to ultimately decide against transplan-

tation due to abnormally high AST levels (>6000 U/L) 
in the effluent determined at 30 minutes after perfusion.

The results are consistent with global reports. In the 
aforementioned works by Guarrera and Dutkowski, per-
fusate transaminase levels likewise exhibited a statisti-
cally significant correlation with those in the recipient’s 
blood during reperfusion, but they had no bearing on 
the recipient’s prognosis [12–14]. Currently, many au-
thors are searching for more accurate markers that can 
be determined during perfusion preservation for organ 
assessment. In particular, the determination of mitochon-
drial injury markers in the perfusion solution – such as 
FMN – has demonstrated high efficiency in assessing or-
gan compatibility in several studies; nevertheless, further 
research is needed to confirm and validate this approach’s 
wider application [14].

Even though machine perfusion preservation in LTx 
from suboptimal donors has been shown to be highly ef-
ficient, there are still a lot of unresolved technical issues 
around its use. For example, it is not completely known 
whether additional arterial perfusion of the graft (dual 
HOPE/DHOPE) or perfusion via the portal vein (classic 
HOPE) is adequate. DHOPE proponents contend that be-
cause bile ducts receive their supply exclusively from the 
hepatic artery, as opposed to hepatocytes, this approach 
may enable more effective perfusion of the biliary tree. 
Since post-transplant cholangiopathy is one of the most 
significant problems in LTx from marginal donors (in 
particular, non-heartbeating donors), prevention of IRI 
of the hepatic biliary system is very relevant. On the 
other hand, proponents of classic perfusion believe that 
the arterial bed can be adequately filled with perfusate 
due to retrograde current, and additional manipulations 
with the hepatic artery may lead to its injury and fatal 
complications.

To date, there are no clinical studies demonstrating 
the superiority of one method over the other, apart from 
an experimental work by de Vries et al. (2021), which 
demonstrated a 2-fold decrease in peak ALT levels in 
the perfusate (p = 0.045) and a lower peak lactate dehy-
drogenase in the bile (p = 0.04) of livers preserved by 
DHOPE in comparison with classic HOPE [15]. At the 
same time, none of the groups showed any microscopic 
sign of arterial injury. Although further clinical validation 
is still needed, we believe that extra arterial perfusion of 
the liver still offers a slightly higher potential efficacy 
than the classical approach. We believe that the danger 
of injury to the hepatic artery during the procedure is 
actually mitigated by the precise surgical technique used 
to deal with the hepatic artery and careful regulation of 
flow and pressure in the arterial perfusion system.

Thus, ex situ HOPE is a safe and effective liver trans-
plant preservation technique. Its application in LTx from 
ECDs enables a more thorough evaluation of an organ’s 
suitability for transplantation while also lessening the se-
verity of IRI. This technique can improve LTx outcomes 
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in the postoperative period, while also safely increasing 
the availability of transplant care using suboptimal do-
nors.
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