Check for
Updates

LSeviER
Meta-Analysis and Clinical Guidance of Oxygenated Hypothermic
Machine Perfusion for Kidney Transplantation

Degong Jia®*, Shanshan Guo®*, Jiefu Luo®, Yuezhou Zhang®, Huiging Zhang®, Shengwei, and Junyan Liu°*

2Department of Kidney Transplantation, The First Affiliated Hospital of Zhengzhou University, Zhengzhou, China; °School of Chinese
Medicine, Beijing University of Chinese Medicine, Beijing, China; “Department of Hepatobiliary Surgery, The Second Affiliated Hospital
of Chonggqing Medical University, Chonggqing, China; and 9Department of Urology, The First Affiliated Hospital of Xinxiang Medical Uni-
versity, Weihui, Henan, China

ABSTRACT

Background. It remains unclear whether oxygenated hypothermic machine perfusion
(HMPO.,) during kidney preservation is beneficial for prognosis.

Methods. A comprehensive search of databases and clinical trial registries was conducted to
identify eligible studies on HMPO, application during kidney transplantation. A multisubgroup
analysis was further conducted to explore the heterogeneity among studies.

Results. Compared to the control treatment, HMPO, did not significantly alter the incidence of post-
operative acute rejection, graft survival, patient mortality, delayed graft function (DGF), functional
DGF, primary nonfunction, or estimated glomerular filtration rate, whereas the warm ischemia time
appeared to be longer. However, the number of patients with adverse events and the proportion of severe
adverse events were reduced in the HMPO, group. Subgroup analysis indicated that HMPO, performed
better in donation after cardiac death (DCD), and continuous HMPO, was superior to end-HMPO,.

Conclusion. HMPO; application during kidney transplantation reduced the number of patients
with adverse events and the proportion of severe adverse events. However, given the issue such
as limited number of studies and heterogeneity, rigorous evidence studies are needed to further

confirm these findings.

HE high prevalence of chronic kidney disease (CKD) has
contributed to the increasing burden of end-stage renal dis-
ease (ESRD) [1]. Kidney transplantation (KT), compared to other
renal replacement therapies such as dialysis, offers a survival
advantage and economic benefits, making it the preferred treat-
ment option. However, this has exacerbated the shortage of
organs [2,3]. To address the growing organ demand, some trans-
plant centers have resorted to using expanded criteria donors
(ECDs) in an attempt to reduce transplant waiting times [4]. How-
ever, these kidneys are more susceptible to ischemia—reperfusion
injury (IRI), leading to delayed graft function (DGF) and primary
nonfunction (PNF) [5—7]. Therefore, efforts have been made to
explore organ preservation strategies that can alleviate IRI.
Currently, there are 2 main methods of organ preservation used
in clinical practice: static cold storage (SCS) and hypothermic
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machine perfusion (HMP). Both methods aim to reduce the meta-
bolic rate and oxygen demand of the organs to alleviate the harm
caused by ischemia [8]. A meta-analysis has shown that compared
to SCS, the use of HMP significantly reduces the incidence of
DGF, and overall treatment costs are lower [9]. However, during
HMP, hypoxia is still common, as the storage solution is not
actively oxygenated [10]. In large animal models, active oxygen-
ation during HMP can significantly reduce renal oxidative stress
levels, improve early postoperative renal function, and mitigate
renal fibrosis [11—13]. Therefore, whether oxygenated hypother-
mic machine perfusion (HMPO,) can play a beneficial role in clin-
ical KT has attracted widespread attention [14,15]. Unfortunately,
existing studies have not yet reached a definitive consensus.
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To further clarify whether HMPO,, as an optimized organ
preservation method, can improve renal transplant outcomes,
we conducted this meta-analysis.

PATIENTS AND METHODS

This study followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) statement [16] and Assess-
ing the methodological quality of systematic reviews (AMSTAR)
guidelines, and registered in PROSPERO (CRD42023412502).

STUDY DESIGN AND SEARCH STRATEGY

A comprehensive search was conducted in databases including
MEDLINE, Embase, Cochrane Library, and relevant online clini-
cal trial registries such as ClinicalTrial.gov and the World Health
Organization International Clinical Trials Registry Platform.

STUDY SELECTION

The inclusion criteria were original studies that used HMPO,
for kidney preservation, with SCS or other organ preserva-
tion methods such as HMP as the control. Case reports,
reviews, composite transplantation studies, multiorgan trans-
plantation studies, and studies that did not provide sufficient
clinical information to assess the impact of HMPO, were
excluded. Studies with fewer than 5 participants were also
excluded [17].

RISK OF BIAS ASSESSMENT

The quality assessment for observational studies was conducted
using the Newcastle-Ottawa Quality Assessment Scale and ran-
domized controlled trials (RCTs) were assessed using the
Cochrane Risk of Bias Assessment Tool.

DATA EXTRACTION

Two authors (JDG and GSS) independently conducted data
extraction using a specifically designed data extraction form for
eligible clinical studies. Continuous variables were collected as
the mean and standard deviation (SD), while dichotomous vari-
ables were collected as the number of positive events and total
events. Discrepancies in data extraction were resolved through
discussion or involvement of a third author (LJY).

DATA SYNTHESIS AND ANALYSIS

The predefined primary outcomes were graft survival and acute
rejection, and secondary outcomes included DGF, PNF, postop-
erative complications, patient mortality, the estimated glomeru-
lar filtration rate, and the graft ischemia time.

A meta-analysis was conducted using Review Manager ver-
sion 5.4, and the report followed the PRISMA guidelines.
Dichotomous variables are presented herein as risk ratios (RR)
with 95% confidence intervals (CI), and continuous variables
are expressed as the mean differences (MD). Forest plots were
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used for visual representation of the analysis results, with statis-
tical significance considered when P < .05.

Heterogeneity among studies was evaluated using the x> test
and I statistic, with Pieterogencity < 0.01 or I* > 50% indicating
significant heterogeneity among studies. In the presence of het-
erogeneity, a random-effects model was used to summarize the
study results; otherwise, a fixed-effects model was used.

SUBGROUP ANALYSIS

This investigation is the first to explore the duration, oxygen
concentration, and suitable populations of HMPO,. Stratifica-
tion was performed based on long-term continuous HMPO, and
short-term end-HMPO, to identify the optimal use pattern. The
oxygen concentration (21% or 100%) was conducted to explore
the optimal oxygen content for HMPO,. Studies were also strat-
ified based on different patient populations, including donation
after brain death (DBD) and donation after cardiac death
(DCD).

RESULTS
Summary of the included studies

After excluding duplicate articles, a total of 1490 articles were
screened for abstracts and full texts. The PRISMA flowchart for
the included studies is presented in Fig 1. Ultimately, 5 studies
met the inclusion criteria, with a total of 662 participants, of
whom 309 received donor kidneys preserved through HMPO,
[14,15,18—20]. Detailed information on each study can be
found in the characteristics table of the included studies (Table 1
and Supplementary Table S2). A summary of the study results
is presented in Table 2. The results of the multi-subgroup analy-
sis are summarized in Table 3.

The risk of bias information for the studies is summarized in
Figure 2. Overall, none of the studies showed a poor design, as
they were relevant to our study population and outcomes of
interest.

Primary Outcomes

Acute Rejection. Four studies reported the incidence of post-
operative acute rejection. HMPO, did not significantly improve
the occurrence of acute rejection (RR: 0.94, 95% CI: 0.65-1.35,
P =.72) (Fig 3A).

Graft Survival. Two studies described graft survival at 6
months postoperatively, and HMPO, did not improve graft sur-
vival at this time point (RR: 0.98, 95% CI: 0.79-1.21, P = .83)
(Fig 3B). Three studies described graft survival at 1 year post-
operatively, and there was no improvement in graft survival at
1 year with HMPO, (RR: 1.03, 95% CI: 0.98-1.08, P = .23)
(Fig 3C).

Secondary Outcomes

Delayed Graft Function. We primarily analyzed the impact
of HMPO, on DGF and functional DGF. Five studies described
the incidence of DGF, and HMPO, did not reduce the occurrence
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Fig 1. PRISMA flow chart for meta-analysis literature retrieval and study selection. HMIPO,, oxygenated hypothermic machine perfusion.

of DGF (RR: 0.93, 95% CI: 0.74-1.18, P = .56) (Fig 4A). Two Primary Nonfunction. Five studies described the incidence
robust studies described functional DGF, and the combined anal- of PNF, and the meta-analysis did not find an association
ysis suggested no reduction in functional DGF with HMPO, between HMPO, and PNF (RR: 1.01, 95% CI: 0.49-2.06,
(RR: 0.93, 95% CI: 0.82-1.05, P = .25) (Fig 4B). P =0.99) (Fig 4C).

Table 1. Characteristics of the Included Studies in This Systematic Review and Meta-analysis.

Author,Year No. Of Patients Donor type the Mode of HMPO, Oxygen Concentration Study Type

Peri Husen, 2021 262 DBD End-HMPO, 100% Multi-center RCT

Ina Jochmans, 2020 212 DCD Continue-HMPO, 100% Multi-center RCT

FranziskaA. Meister, 2020 45 DBD End-HMPO, 100% Single-center case-matched study
Riccardo Pravisani, 2022 103 No DCD End-HMPO, 21% Single-center cohort study

Matteo Ravaioli, 2020 40 DBD End-HMPO, 100% Single-center case-matched study

DBD, donation after brain death; DCD, donation after circulatory death; HMPO,, oxygenated hypothermic machine perfusion preservation; RCT, randomized con-
trolled trials.
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No. of Included

Outcomes Studies Total Number of DEX and Control Heterogeneity Effect Estimation P-Value
Acute rejection 4 294 of HMPO, and 323 of control [ 47% RR 0.94 95%CI 0.65 to 1.35 72
Graft survival
6-month 2 121 of HMPO, and 136 of control 2 72% RR 0.98 95%CI1 0.79 to 1.21 .83
1-year 3 243 of HMPO, and 271 of control |2 38% RR 1.03 95%CI 0.98 to 1.08 .23
DGF 5 309 of HMPO, and 353 of control 12 0% RR 0.9395%CI 0.74t0 1.18 .56
Functional DGF 2 233 of HMPO, and 241 of control 2 20% RR 0.93 95%CI 0.82 to 1.05 .25
PNF 5 309 of HMPO, and 353 of control 12 0% RR 1.01 95%CI 0.49 to 2.06 0.99
Adverse event patients 2 233 of HMPO, and 241 of control 2 47% RR 0.73 95%CI 0.60 to 0.88 0.001
CD grade>3 complication patients 2 61 of HMPO, and 82 of control 12 23% RR 0.94 95%CI 0.47 to 1.87 0.85
severe complication rate 2 450 of HMPO, and 601 of control 12 0% RR 0.70 95%CI 0.51 t0 0.96 0.03
Patient death
6-month 2 121 of HMPO, and 136 of control 2 0% RR 1.42 95%Cl 0.54 to 3.74 0.48
1-year 3 243 of HMPO, and 271 of control | 44% RR 1.59 95%CI 0.76 to 3.33 0.22
Egfr
7-day 2 142 of HMPO, and 165 of control 2 94% MD -7.64 95% Cl -25.46 t0 10.19 0.40
3-month 3 230 of HMPO, and 253 of control 12 0% MD -1.14 95% Cl -4.06 to 1.78 0.44
6-month 3 225 of HMPO, and 248 of control 2 51% MD -1.80 95% CI -7.01 to 3.41 0.50
1-year 2 210 of HMPO, and 218 of control 1 58% MD 0.74 95% Cl -4.51 to 5.98 0.78
CIT 5 295 of HMPO, and 367 of control 12 0% MD -0.04 95% CI -0.64 to 0.57 0.91
WIT 3 179 of HMPO, and 231 of control 12 0% MD 2.80 95% Cl 0.14 to 5.45 0.04

DGF, delayed graft function; PNF, primary non-function; HMPO,, oxygenated hypothermic machine perfusion; CIT, cold ischemia time; WIT, warm ischemia time;

CD, Clavien Dindo; eGFR, estimated glomerular filtration rate.

Table 3. Summary of the Results of the Subgroup Analysis of HMPO, in RT

Outcome Subgroup No. of Studies Population size Effect Estimation (95% ClI) 12 Statistic (%)
Acute rejection DBD 2 302 0.79t0 2.37 0
DCD 1 212 0.31t00.98 —
END-HMPO, 3 405 0.85t02.30 0
CON-HMPO, 1 212 0.31t00.98 —
PO, 100% 3 514 0.60to 1.30 60
PO, 21% 1 103 0.46t05.10 —
1-year graft survival DBD 2 302 0.93t0 1.06 0
DCD 1 212 1.00t0 1.17 —
END-HMPO, 2 302 0.93t0 1.06 0
CON-HMPO, 1 212 1.00t0 1.17 —
Delayed graft function DBD 3 347 0.64t01.27 43
DCD 1 212 0.70t01.43 —
END-HMPO, 4 450 0.66to0 1.22 16
CON-HMPO, 1 212 0.70t01.43 —
PO, 100% 4 559 0.74t01.21 15
PO, 21% 1 103 0.43t01.74 —
Primary non-function DBD 3 347 0.53t02.88 0
DCD 1 212 0.15t02.45 -
END-HMPO, 4 450 0.53t02.88 0
CON-HMPO, 1 212 0.15t02.45 —
PO, 100% 4 559 0.49 to0 2.06 0
PO, 21% 1 103 — -
1-year patient death DBD 2 302 0.991t0 13.62 0
DCD 1 212 0.33t02.33 —
END-HMPO, 2 302 0.99 to 13.62 0
CON-HMPO, 1 212 0.331t02.33 —
3-month eGFR DBD 2 307 —-5.89t01.17 0
DCD 1 176 —3.69106.69 —
END-HMPO, 2 307 -5.89t01.17 0
CON-HMPO, 1 176 —3.69106.69 —

(continued)
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Table 3 (Continued)
Outcome Subgroup No. of Studies Population size Effect Estimation (95% ClI) 12 Statistic (%)
6-month eGFR DBD 2 307 —8.4710-0.03 0
DCD 1 166 —2.80108.80 -
END-HMPO, 2 307 —8.4710-0.03 0
CON-HMPO, 1 166 —2.80108.80 -
Cold ischemia time DBD 3 347 —0.62101.29 0
DCD 1 212 —0.991t01.05 -
END-HMPO, 4 450 —0.82100.68 0
CON-HMPO, 1 212 —0.99t01.05 -
PO, 100% 4 559 —0.5010 0.89 0
PO, 21% 1 103 —1.961t00.48 -
Warm ischemia time PO, 100% 2 307 —0.75t05.22 0
PO, 21% 1 103 —0.871t010.73

DBD, donation after brain death; DCD, donation after circulatory death; eGFR, estimated glomerular filtration rate; HMPO,, oxygenated hypothermic machine perfu-
sion.

Random saquance genaration (selection bias)
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Fig 2. Quality evaluation results of the included studies.
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6-month (B) and 1-year graft survival (C). Compared with the control,

HMPO, had no significant effect on postoperative acute rejection and graft survival.

POSTOPERATIVE COMPLICATIONS

We analyzed postoperative complications based on the number
of patients with adverse events, the number of patients with
Clavien-Dindo grade >3 complications, and the proportion of
severe adverse events. Two major studies described the number
of patients with adverse events, and the meta-analysis showed a
significant reduction in the number of patients with postopera-
tive adverse events with HMPO, (RR: 0.73, 95% CI: 0.60-0.88,
P = .001) (Fig 5A). Two studies described the occurrence of
Clavien-Dindo grade >3 complications, and HMPO, did not
reduce the number of patients with severe complications (RR:
0.94, 95% CI: 0.47-1.87, P = .87) (Fig 5B). Two studies
described the proportion of severe adverse events, and HMPO,
significantly reduced the occurrence of severe adverse events
postoperatively (RR: 0.70, 95% CI: 0.51-0.96, P .03)
(Fig 5C).

PATIENT DEATH

We analyzed patient mortality at 6 months and 1 year postoper-
atively. The meta-analysis did not find an impact of HMPO, on

patient mortality at 6 months (RR: 1.42, 95% CI: 0.54-3.74,
P = .48) (Fig 6A) and 1 year (RR: 1.59, 95% CI: 0.76-3.33,
P =.22) (Fig 6B).

ESTIMATED GLOMERULAR FILTRATION RATE

The analysis included the postoperative eGFR at 7 days, 3
months, 6 months, and 1 year. The meta-analysis showed no
significant differences in eGFR between the 2 groups at each
time point (7-day: MD: -7.64, 95% CI: -25.46 to 10.19,
P = .40; 3-month: MD: -1.14, 95% CI: -4.06 to 1.78, P=0.44; 6-
month: MD: -1.80, 95% CI: -7.01 to 3.41, P = .50; 1-year: MD:
0.74,95% CI: -4.51 to 5.98, P = .78) (Fig 7).

GRAFT ISCHEMIA TIME

We analyzed the cold and warm ischemia times of the graft.
Five studies described the cold ischemia time (CIT). The meta-
analysis results indicated no difference in CIT between the
HMPO, and control groups (MD: -0.04, 95% CI: -0.64 to 0.57,
P =.91) (Fig 8A).
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Three studies described the WIT, and the pooled analysis
showed that the WIT was significantly longer in the HMPO,
group than in the control group (MD: 2.80, 95% CI: 0.14-5.45,
P =.04) (Fig 8B).

Subgroup Analysis

To explore the optimal patient population, duration time and
oxygen concentration for HMPO,, we conducted subgroup
analyses (Table 3). First, we found that HMPO, reduced the
incidence of acute rejection in the DCD group (RR: 0.56, 95%
CI: 0.31-0.98, P = .04) and improved the 1-year graft survival
(RR: 1.09, 95% CI: 1.00-1.17, P = .04). However, HMPO,
increased the 1-year patient mortality in the DBD group (RR:
3.67, 95% CI: 0.99-13.62, P = .05) and decreased the 6-month
eGFR (MD: -4.25, 95% CI: -8.47 to -0.03, P = .05). Second,
the continuous HMPO, group had a lower incidence of acute
rejection (RR: 0.56, 95% CI: 0.31-0.98, P = .04) and a higher
l-year graft survival rate (RR: 1.09, 95% CL 1.00-1.17,

P = .04), while the end-HMPO, group had a higher 1-year
patient mortality rate (RR: 3.67, 95% CI: 0.99-13.62, P = .05)
and a lower 6-month eGFR (MD: -4.25, 95% CI: -8.47 to -0.03,
P = .05). Finally, we did not find any significant impact of dif-
ferent oxygen concentrations on clinical outcomes.

These results suggested that the continuous HMPO, and
DCD populations had better clinical outcomes, while the oxy-
gen concentration did not affect the efficacy of HMPO,.

DISCUSSION

To our knowledge, this is the first meta-analysis examining the
role of HMPO, in KT, encompassing a total of five studies with
662 participants. The results indicate that HMPO, does not
have a significant impact on postoperative acute rejection, sur-
vival rates or postoperative renal function. However, HMPO,
does lead to a reduction in the number of patients experiencing
adverse events and in the proportion of severe adverse events.
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Fig 5. Forest plot of the impact of HMPO, on adverse event patients (A), Clavien-Dindo grade >3 complications in patients (B), and the
severe adverse event rate (C). Compared with the control, HMPO, reduced the number of patients with adverse events and the propor-
tion of severe adverse events but had no effect on the number of patients with Clavien-Dindo grade >3 complications.

Therefore, HMPO, can serve as an alternative organ storage
method.

The theoretical addition of oxygen to HMP aims to
enhance its benefits by replenishing ATP during the ischemic
period. However, this meta-analysis demonstrates that
HMPO, does not affect postoperative acute rejection or graft
survival. The use of HMPO, leads to a transition of cells
from anaerobic to aerobic metabolism, reducing the release of
reactive oxygen species (ROS) and mitochondrial damage,
resulting in a decreased immune response and ultimately lead-
ing to a decrease in the occurrence of acute rejection [21,22].
HMPO, is also the only independent predictor of acute rejec-
tion when compared to risk factors such as human leukocyte
antigen mismatch and induction therapy with tacrolimus
[23,24]. Furthermore, studies indicate that active oxygenation
during HMP reduces the generation of damage-associated
molecular patterns, the production of mitochondrial superox-
ide, and the activation of endothelial cells, macrophages, and
T cells after reperfusion, thereby impacting graft survival
[23,25,26]. Several factors may contribute to these contradic-
tory results. First, the lower incidence of acute rejection due
to the use of effective immunosuppressive agents in the

1980s may have minimized the potential impact of HMPO,,
making its effectiveness less apparent [27]. Second, the lim-
ited number of current studies and uncontrolled confounding
factors may have hindered the meta-analysis from accurately
elucidating the role of HMPO,, leading to false-negative
results. Future RCTs should be conducted to further investi-
gate this matter.

Regarding the investigation of secondary outcomes, we
found that HMPO, reduces the number of patients experiencing
adverse events and the proportion of severe adverse events. The
possible reason behind this finding is that HMPO, precondition-
ing promotes hemodynamic stability during the reperfusion pro-
cess and prevents electrolyte imbalances such as hyperkalemia
[28]. Additionally, HMPO, leads to a decrease in ROS produc-
tion during reperfusion, altering oxidative stress and energy sta-
tus in the transplanted kidney [13]. Ultimately, HMPO, affects
postoperative complications.

Interestingly, the HMPO, group had a longer WIT. Gener-
ally, the WIT is associated with the surgical technique of a
transplant center and is usually considered a fixed duration.
Additionally, the use of HMPO, occurs during the cold ische-
mia phase after warm ischemia, so this outcome might be a false
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Fig 6. Forest plot of the impact of HMPO, on 6-month (A) and 1-year patient deaths (B). Compared with the control, HMPO, had no sig-

nificant effect on patient deaths.

positive. The pooled analysis of only 3 studies is insufficient to
accurately determine the effect of HMPO, on WIT.

We conducted stratified analyses based on different popula-
tions, HMPO, durations, and oxygen concentrations. We found
that HMPO, had some benefits in the DCD group, while the
treatment effect in the DBD group seemed less favorable. This
outcome could be attributed to the physiological differences
between DBD and DCD donors [29]. DCD kidneys are more
prone to ischemic cascade and reperfusion injury, leading to a
high incidence of postoperative complications compared to
that in DBD kidneys. The use of HMPO, effectively over-
comes this physiological disadvantage in DCD [30]. Addition-
ally, continuous HMPO, appears to have better clinical
outcomes and fewer side effects than end-HMPO,. The inter-
pretation of this outcome is that end-HMPO, utilizes the valu-
able time when the organ reaches the recipient center to
dynamically repair the cold-stored organ. However, determin-
ing the exact balance time between SCS and HMPO, that gen-
erates positive clinical outcomes during organ storage is
challenging, and different durations of machine perfusion after
SCS can lead to different postoperative outcomes [31,32].
Therefore, we recommend that future research focus more on
continuous HMPO,. Regarding the oxygen concentration dur-
ing HMPO,, there is still controversy. Animal experiments
have shown that different oxygen concentrations can result in
varying levels of ROS, and the oxygen concentration has corre-
lations with organ metabolism and tissue structure, which in
turn affect postoperative graft recovery [12,33]. However, we
did not find any significant impact of different oxygen concen-
trations during HMPO, on clinical outcomes in renal transplant
patients. The one small study using a 21% oxygen tension is
insufficient for concluding that 21% and 100% oxygen tensions

have the same clinical benefits. Further research is needed to
explore this aspect in more detail.

STRENGTHEN AND LIMITATION

Our study is the first to provide the most comprehensive synthe-
sis of clinical evidence on the use of HMPO?2 for kidney preser-
vation. Notably, two of the included studies were multicenter
trials led by the COMPARE Trial Collaboration and Consor-
tium for Organ Preservation in Europe (COPE), with high-qual-
ity research enhancing the reliability of this meta-analysis. In
this meta-analysis, we elucidated the role of HMPO2 in KT and
explored its duration time, oxygen concentration, and target
populations. Importantly, all the studies included in our meta-
analysis were published within the last 5 years, which enhances
the relevance and applicability of this meta-analysis.

This meta-analysis has several limitations. First, most of the
included studies analyzed the impact of HMPO, on acute rejec-
tion but lacked information on relevant factors such as calcium-
phosphorus levels, donor-specific antibody titers, and protein-
uria levels. Future research should consider collecting these
necessary data to conduct a more in-depth analysis of the effects
of HMPO, on recipient immune rejection. Second, the included
studies used HMP or SCS as controls, and it would be important
to compare HMPO, with other emerging perfusion strategies in
future research. Third, there is a relative scarcity of clinical
studies related to HMPO?2, and the limited research reports and
uncontrolled confounding factors may introduce bias into the
results of the meta-analysis. RCT studies should be designed to
address this issue. Fourth, most studies on end-HMPO, did not
provide details on the duration of HMPO,, making it challeng-
ing for subsequent research to reference or avoid the application
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time of end-HMPO,. Future studies on end-HMPO, should
record the specific start and end times to determine the optimal
balance between SCS and HMPO,, maximizing both clinical
and economic benefits. Fifth, this study lacked analysis of the
composition of the perfusion fluid, which is correlated with
organ viability. Analyzing the composition of the perfusion
fluid can help us understand the state of the organ and facilitate
timely administration of nutrients, extracellular vesicles, and
other therapeutic agents to maintain optimal organ conditions.
Last, the current research on short-term HMPO, has mainly
focused on the clinical effects of end-point oxygenation, with a
lack of relevant research on the application of initial oxygen-
ation in KT. Future studies could investigate this mode of oxy-
genation.

CONCLUSION

Overall, the application of HMPO, reduced the number of
patients with adverse events and the proportion of severe
adverse events. Therefore, we believe that transplant centers
should consider using HMPO, during KT, as discontinuing the
use of HMPO, may deprive transplant patients of the potential
benefits of this organ preservation method. Meanwhile, consid-
ering factors such as the number of included studies, the sample
size of the study subjects, and heterogeneity, it is necessary to
conduct RCTs with larger sample sizes to further explore this
novel organ storage approach. Given the low cost of supple-
mental oxygen, the simple extension of HMP has the potential
to be rapidly implemented in clinical practice.
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