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Abstract: Ischemia-reperfusion injury (IRI) is a complex pathophysiological process that can lead to
severe and irreversible consequences, including the complete loss of renal function. While
standardized strategies for preventing IRI during "back-table" and cold preservation are available,
various intraoperative prevention methods have been proposed to mitigate the harmful effects of
warm ischemia and reperfusion of the kidney. These methods include pharmacological agents,
mechanical interventions, and surgical techniques such as renal capsulotomy, ischemic
preconditioning, venous blood reperfusion, renal perfusion, and the use of tissue engineering
techniques like mesenchymal stromal/stem cells and/or decellularization. In this comprehensive
analysis, we provide a detailed overview of pharmacological agents and intraoperative methods
and approaches for the prevention and treatment of renal IRI. We begin by discussing the
mechanisms of IRI and the challenges of preventing it during surgery. Then using a bibliometric
analysis and molecular docking of brand-new legends we showed eplerenone have the most
binding affinity to Aldehyde dehydrogenase (AD), Estrogen receptor (ER), Klotho protein,
Mineralocorticoid receptor (MR), and Toll-like receptor 4 (TLR4) for preventing IRI comparing with
other available therapeutics, Benzodioxole, Hydrocortisone, Indoles, Nicotinamide adenine
dinucleotide, and Niacinamide. Next, we provide a comprehensive analysis of the potential benefits
and limitations of various prevention strategies, including an in-depth discussion of the
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mechanisms of action of pharmacological agents, mechanical interventions, and surgical techniques.
Furthermore, we introduce a novel scoring system for the prevention methods of kidney IRI, which
takes into account the effectiveness, feasibility, and safety of each method. We then analyze the
current state of clinical research in this area and discuss the implications of these methods for future
clinical practice. Overall, this article provides a valuable resource for clinicians and researchers
seeking to prevent and treat renal IRI in surgical settings, and introduces a new scoring system that
can be used to guide the selection of the most effective and safe prevention methods.

Keywords: ischemia/reperfusion injury; molecular docking; bibliometric analysis; kidney
reperfusion; kidney transplantation; renal resection

1. Introduction

Kidney transplantation is currently considered the optimal method of renal replacement
therapy, as it is clinically and economically superior to hemodialysis [1-3]. Immunosuppressive
therapy has been successful in reducing the possibility of organ rejection. However, during kidney
transplantation, the organ undergoes ischemia, which occurs before it becomes functional in the
recipient's body [4]. These changes in the organ begin with brain death in cadaveric donors and, in
living donors, from the moment of compression of the renal artery. The hypothermic or
normothermic preservation of the kidneys before transplantation and the warm ischemic time (WIT)
of varying duration during vascular anastomosis can lead to ischemic tissue damage [4]. The final
and main stage of graft tissue damage occurs during organ reperfusion, which leads to the production
of reactive oxygen species, activation of lipid peroxidation, and ferroptotic cell death due to the
reoxygenation of the organ by arterial blood [5,6]. This complex process is known as ischemic
reperfusion injury (IRI). As a result, ischemia and reperfusion initiate a cascade of immunological
and inflammatory reactions in the organ, which can lead to severe consequences, including the
complete loss of the organ [5,7,8]. The mechanism of transplant IRI is reflected in Figure 1 [9].

Ischemic reperfusion

Cell death programs
(apoptosis, necrosis,
autophagy)

Transcriptional Microvascular Endothelial

reprogramming inflammation
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Figure 1. Biological pathways of ischemic-reperfusion injury.

IRI may develop several hours or days after the initial start of blood flow in the kidney, and the
morphological substrate is tubular necrosis. Clinically, this manifests as delayed graft function (DGF)
followed by a long kidney recovery period [10]. A direct and significant relationship has been
established between IRI and DGF and between the severity of IRI and the frequency of acute rejection
episodes [11]. Therefore, DGF occurs in about 20% of cases of all kidney transplants [12]. Data from
one meta-analysis showed that even after the first year of transplantation, with adequate restoration
of graft function, DGF continues to have an adverse effect, while the risk of kidney transplant loss
during the first 3.2 years is 41% higher than in patients without DGF [13]. Barba et al. indicated that
after 18 hours, every hour of cold kidney ischemia increases the likelihood of DGF by 10% [14].
During reperfusion, a cooled graft undergoes a rapid change in temperature from hypothermia to
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normothermia, which leads to mitochondrial respiratory dysfunction and the induction of the
mitochondrial pathway of apoptosis [15].

The warm ischemic time (WIT) can have a negative impact on kidney transplantation outcomes,
particularly when it is prolonged [16,17]. Experimental studies have shown that each minute of warm
ischemia is associated with a 6% increased risk of subsequent acute renal failure and a 7% increased
risk of acute onset of end-stage renal failure [18]. Additionally, every 10 minutes of WIT (vascular
anastomosis time or renal resection time) has a greater negative effect on the subsequent function of
the kidney transplant than every hour of cold ischemia [19,20]. Methods for reducing kidney IRI, as
outlined by Tasoulis et al. [21], can be conditionally divided into the following groups:

e  The use of antioxidants to minimize oxidative stress

e  Active agents for the removal of harmful metabolic products

e Preconditioning methods (ischemic, hypoxic, pharmacological, and remote ischemic
preconditioning) to prepare cells for a better response to the upcoming IRI.

Prevention and treatment of IRI can be carried out at all stages of transplantation, including
before, during, and after the procedure [22]. This includes preoperative diet therapy, adequate
preservation and conditioning of potential donors, the use of mesenchymal stromal/stem cells
(MSCs), and early reperfusion of the ischemic organ. The purposes of this article were: 1) using a
bibliometric analysis and molecular docking of brand-new legends compare available therapeutic
molecules for preventing IRI and 2) to study the existing intraoperative strategies and approaches for
the prevention of kidney IRI during warm ischemia and reperfusion in light of the latest scientific
data and their evaluation.

2. Materials and Methods
2.1. Data Collection and Extraction for Pharmacologic Methods for the Prevention of Kidney IRI

On February 1, 2023, we performed an accurate assessment on PubMed online database to
identify the most frequent anticancer components in the extract of differ-ent sorts of sea cucumber,
using the following search strategy: Search: ((kidney ischemia-reperfusion injury|[Title/ Abstract]) OR
(kidney ischemia-reperfusion injury [MeSH Terms])) AND ((operative method*[MeSH Terms]) OR
(operative method*[Title/Abstract])).

Next, we analyzed the resulting publications using VOSviewer software (v.1.6.8, 2018) [23],
which can analyze the semantic contents of publication titles, keywords, abstracts, and relate them to
citation count data. The software produced a bubble map that revealed the most frequent compounds
that have been studied for their anticancer properties in sea cucumber extracts.

2.2. Bibliometric Search Strategy

2.2.1. Analysis of the Most Frequent MeSH Keywords

First, in order to achieve a general review of all MeSH keywords and the newest keywords that
have been used in related field, we included all 752 keywords into our analysis except human, male,
female, animal, mice, rat, dog, rabbit, perfusion injury, random allocation, kidney, apoptosis, and any
age related keyword. Finally, Network and Overlay Visualization were conducted by VOSviewer
software.

Second, among all keywords that are mentioned in related studies, we chose MeSH keywords
that have at least 5 times occurrence. Then, we exclude some keywords from our analysis including
human, male, female, animal, mice, rat, dog, rabbit, perfusion injury, random allocation, kidney,
apoptosis, and any age-related keyword. Besides, we performed both Network Visualization and
Overlay Visualization and after that, we considered total link strength and occurrence of each
keyword as a criterion of attention of scientists to that keyword in related studies through recent
years.
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2.2.2. Analysis of the Most Involved Authors in the Field of Examining the Studies in Which
Various Operative Methods for Preventing Kidney Ischemia-Reperfusion Injury Are Studied

We include all authors that have one published manuscript in related field. After that, we
analyzed them by Network Visualization of VOSviewer software.

2.2.3. Analysis of the Average Publication Year of Authors

In our analysis, we examined the time range of activity of authors with the most number of
surveys in related field by overlay visualization of VOSviewer software. We also examine the time
range activity of the authors that have published their first manuscript in mentioned field and among
them, we considered the authors with the average publication year of 2020 and more as new
interested authors in related scientific area by mentioned analysis.

2.2.4. Analysis of Authors That Have the Most Tendency to Collaborate with Other Researcher and
Have the Widest Range of Activity in Related Field

In our bibliometric analysis, the number of link for each author displays the amount of
cooperation of that author with other researcher and total link strength demonstrated the range of
activity (participating in publishing manuscript) in related field. Thus, we chose authors with the
most total link strength as author with the widest range of activity in related field.

2.3. Molecular Interaction

After analysis the most used MeSH keywords in related field by VOSviewer software, we
performed a manual search in our Overlay visualization of mentioned keywords in order to find
latest compounds, protein and receptors that have been undergone studies in which their role in
ischemic renal reperfusion injury (IRI) has been studied.

After finding remarked compounds, protein and receptors, we went through different studies
in Google scholar database to realize their role in IRL

In the next step, molecular docking of mentioned compounds, protein and receptors was
conducted by Autodock Vina [24] with the purpose of discovering the most valuable compound that
have undergone various studies in which IRI has been studied. We obtained the 3D structures of the
six ligands and nine receptors (Aldehyde dehydrogenase (AD), Estrogen receptor (ER),
Glucuronidase, Kloth protein, Mineralocorticoid receptor (MR), myeloid differentiation factor
(MDF), Sitruin1, Toll-like receptor 4 (TLR4), and tumor necrosis factor receptor (TNFR)) from the
PUBCHEM [25] and Protein Data Bank (PDB) databases. The PDB codes for these receptors were
1cw3, 1a52, 1bhg, 5vak, 1y9r, 2js7, 5btr, 5nam and 7kpa, respectively.

In the next step, remodeling of receptors with SWISS-MODEL Server [26] was performed. After
that, we merged nonpolar hydrogens and ione pairs and assigned Gasteiger partial charges to each
ligand atom. Grid boxes were generated using the Computed Atlas of Surface Topography of
proteins (CASTp 3.0). Finally, we conducted docking and achieved nine conformations for each
receptor and dye. All docking conformations were ranked according to the binding affinity, and the
conformation with the lowest negative energy and RMSD <2 A was selected as the best one.

2.4. Visualization of Inter-Molecular Interaction

The visualization of the 3D structure of the best conformations was performed using PyMOL
software (The PyMOL Molecular Graphics System, Version 1.2r3pre, Schrodinger, LLC.). In addition,
the detailed data about intermolecular interactions between the ligand and receptor were visualized
in 2D using Discovery studio visualizer [27].

2.5. Data Collection and Extraction for Intraoperative Methods for the Prevention of Kidney IRI

The PubMed database was searched for articles using the following keywords: renal trans-
plantation, ischemic-reperfusion injury of the kidney, and methods of prevention of is-chemic-
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reperfusion injury. Due to the limited number of available reports, publications from the last 12 years
were selected. The titles and abstracts were independently screened by three authors to identify
relevant articles. The search process included original articles, experimental studies, meta-analyses,
and literature reviews that described intraoperative methods (during the surgery process) for the
prevention of kidney IRI.

3. Results

3.1. Pharmacologic Methods for the Prevention of Kidney IRI: Bibliometric Search Strategy

3.1.1. The Most Frequent MeSH Keywords in Studies in Which Various Operative Methods for
Preventing Kidney Ischemia-Reperfusion Injury Are Studied

Our analysis demonstrated that 752 MeSH keywords have been used in relevant field. Besides,
all of these keywords that are used in relative surveys are shown in Figure 2.
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Figure 2. The network visualization of the most used MeSH keywords in studies in which various
operative methods for preventing kidney ischemia-reperfusion injury are studied.

On the other side, Network Visualization of our bibliometric analysis demonstrates that there
are 86 items, 5 clusters, 1421 links and 2910 total link strength are existing in order to find most
frequent MeSH keywords in studies in which various operative methods for preventing IRI are
studied. Among all included MeSH keywords, treatment outcome, creatinine, ischemia and time
factors are the most searched MeSH keywords (Figure 2 and Table 1).

Table 1. The most used MeSH keywords in studies in which various operative methods for
preventing kidney ischemia-reperfusion injury are studied.

NO Keyword Occurrences  Totallink NO Keyword Occurrences Total link
strength strength
1 Treatment 44 255 11 Immunohistochemistry 21 120
outcome
2 Creatinine 43 247 12 Liver 20 105
3 Ischemia 36 194 13 Malondialdehyde 20 109

4 Time factors 36 206 14 Superoxide dismutase 20 105
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6
5 Double-blind 35 204 15 Protective agents 19 100
method
6 Biomarkers 34 209 16 Blood urea nitrogen 18 89
7 Apoptosis 29 157 17 Antioxidants 17 84
8 Oxidative 29 187 18 Lung 17 80
stress
9 Ischemic 28 150 19 Kidney diseases 15 57
preconditionin
&
10 Nephrectomy 23 119 20 Tumor necrosis factor- 15 84
alpha

Moreover, overlay visualization of our bibliometric analysis displayed the average publication
year of various MeSH keywords in relevant field (Figure 3).
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Figure 3. The overlay visualization of all MeSH keywords that are used in relevant researches.

3.1.2. Brito, Marcus Vinicius Henriques Is the Most Involved Authors in the Field of Examining the
Studies in Which Various Operative Methods for Preventing Kidney Ischemia-Reperfusion Injury
Are Studied

According to our bibliometric co-authorship analysis, Brito, Marcus Vinicius Henriques was the
most active researcher in related field with 5 documents (Figure 4 and Table 2). After him, Barakat,
Nashwa and Corso, Carlos Otavio were in the second and third place. Detailed information about
the top 10 authors with the greatest number of published manuscripts are listed in Table 2.
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Table 2. The list of top 10 authors with the greatest number of published manuscripts in the field of
examining the studies in which various operative methods for preventing kidney ischemia-
reperfusion injury are studied and their average publication year.

NO Author Documents Total link Average publication
strength year
1 Brito, Marcus Vinicius 5 35 2016
Henriques
2 Barakat, Nashwa 3 8 2011
3 Corso, Carlos Otavio 3 21 2015
4  Costa, Felipe Lobato Da Silva 3 19 2016
5 Gomes, Regina De Paula 3 13 2015
Xavier
6 Guven, Ahmet 3 21 2008
7 Hausenloy, Derek ] 3 31 2014
8 Hussein, Abdel-Aziz M 3 8 2011
9 Korkmaz, Ahmet 3 21 2008
10 Santos, Emanuel Burck Dos 3 21 2015
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Figure 4. Network visualization of the most involved authors in related field. The size of each square

of each author demonstrates the number of published manuscripts of that author.

3.1.3. Authors That Are Interested in the Field of Examining the Studies in Which Various
Operative Methods for Preventing Kidney Ischemia-Reperfusion Injury Are Studied

Figure 5 shows the condition of average publication of each author that is involved in related
field. Moreover, Table 2 and Figure S1 demonstrate the average publication year of authors with the
greatest number of published manuscripts in related field. As it is revealed in mentioned Table 2 and
Figure S1, the average publication years of these authors are before 2018. On the other hand, authors
with one published article in related field that have published their work since 2020 are demonstrated
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in Figure S2 this group of authors are known as newly interested authors in related fields that begin
their research in mentioned scientific area.
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Figure 5. The average publication year of authors that are involved in the field of examining the
studies in which various operative methods for preventing kidney ischemia-reperfusion injury are
studied.

3.1.4. Brito, Marcus Vinicius Henriques Has the Most Tendency to Collaborate with Other
Researcher and Has the Widest Range of Activity in Related Field

Our bibliometric Network Analysis displayed that Brito, Marcus Vinicius Henriques with the
link of 22 and total link strength of 35 has the greatest number of collaborations with other researchers
in related field (Figure 6 and Table 3). After him, Hausenloy, Derek ] and Ariti, Cono are in second
and third place, respectively (Table 3). Detailed data about top 10 authors with the most tendency to
collaborate with other researcher and has the widest range of activity in related field are listed in
Table 3.

Table 3. The list of top 10 authors with the most tendency to collaborate with other researcher in

related field.
NO Author Link Total Link Strength
1 Brito, Marcus Vinicius Henriques 22 35
2 Hausenloy, Derek | 27 31
3 Ariti, Cono 19 23
4 Candilio, Luciano 19 23
5 Kolvekar, Shyam 19 23
6 Yellon, Derek M 19 23
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9
7 Van Leeuwen, Paul A M 14 22
8 Van Norren, Klaske 14 22
9 Gaber, A Osama 21 22
10 Hemmerich, Stefan 21 22
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Figure 6. Network Visualization of authors with the most tendency to cooperate with other
researchers in related field. The size of each square of each author demonstrates the number of link
(which represents the tendency of each author for cooperation with other scientists) of that author.

3.1.5. Brand New Compounds, Protein and Receptors That Have Been Undergone Studies in Which
Their Role in IRI Has Been Studied

Figure S3 and Table 4 demonstrates brand new receptors and ligands that have been undergone
recent surveys in which IRI has been studied from 2018 to 2023. Furthermore, Table 4 demonstrates
their role in IRI.

Table 4. Latest compounds, protein and receptors that have been undergone studies in which their
role in ischemic renal reperfusion injury (IRI) has been studied.

Keyword Occurrences Total link Average Their rolein  References
strength publication IRI
year
Ligands
Benzodioxole 1 4 2018 Amelioration [28]
Eplerenone 1 8 2018 Amelioration [29]
Hydrocortisone 1 9 2018 Amelioration [30]
Indoles 1 5 2019 Amelioration [31]
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Nicotinamide 1 13 2021 Amelioration [32]
adenine dinucleotide
Niacinamide 1 13 2021 Amelioration [33]
Receptors
Aldehyde 1 4 2018 Amelioration [34]
dehydrogenase,
mitochondrial
Mineralocorticoid 1 8 2018 Amplification [35]
receptor antagonists
TNF receptor- 1 5 2018 Amplification [36]
associated factor 6
Estrogen receptor 1 5 2018 Amelioration [37]
alpha
Toll-like receptor 4 1 5 2018 Amplification [38]
Myeloid 1 5 2018 Amplification [39]
differentiation factor
88
Glucuronidase 2 26 2020 Amelioration [40]
Klotho proteins 2 26 2020 Amelioration [41]
Sirtuin 1 1 13 2021 Amelioration [42]

3.2. Molecular Docking Analysis of Brand-New Ligands and Receptors That Have Been Undergone Studies
in Which Their Role I IRI Has Been Studied

Table 5 shows the binding affinity of brand-new ligands and receptors that have been undergone
studies in which their role in IRI has been studied. Eplerenone demonstrated the most binding
affinity to following receptors: Aldehyde dehydrogenase (AD), Estrogen receptor (ER), Klotho
protein, Mineralocorticoid receptor (MR), and Toll-like receptor 4 (TLR4). On the other hand,
nicotinamide adenine dinucleotide (NAD) displayed the most binding affinity to Glucuronidase,
myeloid differentiation factor (MDF) and, tumor necrosis factor (TNFR).

Detailed data about features of interactions between mentioned ligands and receptors is
presented in Figure 7.

Table 5. The binding affinity of brand-new ligands and receptors that have been undergone studies
in which their role in ischemic reperfusion injury has been studied (Kcal/mole).

Ligands Receptors
AD* ER Glucuronidase  Klotho protein MR  MDF Sirtuinl TLR4 TNFR
Benzodioxole -55 57 -6.2 -6.2 -6.2 -5.4 -6.2 -3.9 -5.4
Eplerenone -134  -129 -11.3 -11.7 -126 9.2 -11.7 -8.8 -9.0
Hydrocortisone -12.3  -11.6 -115 -105 -11.5  -8.6 -11.6 -8.4 -8.6
Indole-3-acetic acid -6.6 -7.0 -8.1 -7.8 -7.3 -6.1 -7.1 -5.4 -5.3
Nicotinamide -59 56 -6.3 -5.8 -5.7 -4.8 -5.7 -4.0 -5.3
NAD -125  -11.6 -12.1 -11.5 -104  -10.6 -10.8 -7.3 -11.0

*AD, Aldehyde dehydrogenase; ER, Estrogen receptor; MR, Mineralocorticoid receptor; MDF, myeloid
differentiation factor; TLR4, Toll-like receptor 4; TNFR, tumor necrosis factor receptor; NAD, nicotinamide
adenine dinucleotide
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Figure 7. The molecules and interactions that are involved in the binding site of best binding
conformation Eplerenone and nicotinamide adenine dinucleotide (NAD) with the latest receptors that
have been undergone studies in which their role in ischemic renal reperfusion injury (IRI) has been
studied. The interactions between Eplerenone and following receptors: Aldehyde dehydrogenase
(AD) (A), Estrogen receptor (ER) (B), Kloth protein (D), Mineralocorticoid receptor (MR) (E), Sitruinl
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(F), Toll-like receptor 4 (TLR4) (G) and the interaction between NAD with Glucuronidase (C), myeloid
differentiation factor (MDF) (F), and tumor necrosis factor receptor (TNFR) (I) are demonstrated in
details.

3.3. Intraoperative Methods for the Prevention of Kidney IRI

The review analyzed the outcomes of various intraoperative methods for the prevention of
kidney IRI (Table 6). A total of 24 publications were identified, which described intraoperative
methods for the prevention of kidney IRI. Most of the data were presented in the form of experimental
studies (n = 15) or clinical studies (n = 8), and one review (n = 1). Out of the 23 articles, 18 were
published after 2015.

Table 6. Methods of prevention of ischemia-reperfusion injury of the kidney and their effects

Method Patients/Model Effects References
Local cooling of the kidney graft 23 patients Long-term maintenance of optimally [22]
using a plastic bag filled with ice. low temperature during kidney vascular

anastomoses to reduce the negative
effects of WIT, such as a low frequency
of DGF and acute rejection, and optimal

GER after surgery.
Local cooling of the pelvis using ice 7 patients Local cooling during vascular [43]
slush during robotic kidney anastomoses to reduce the negative
transplantation. effects of WIT.
A controllable double-cycle 20 pigs Local cooling of the renal graft during [44]
cryogenic device with a circulating vascular anastomoses to reduce the
cooling system (cold saline negative effects of WIT with
solution: 0-4°C) and warming simultaneous warming of the
system (warm sterile water: 30- peritoneum and lumbar muscles.
35°0).
Net-restrictive plastic jacket witha 9 patients Local cooling of the renal graft during [45]
circulating cooling system that uses vascular anastomoses to reduce the
saline solution at a temperature of negative effects of WIT.
0-4°C.
Intra-abdominal cooling device 13 pigs Local cooling of the renal graft during [46]
with double silicone sheaths for vascular anastomoses by continuously
continuous circulation of 4°C circulating 4°C ethanol and methylene
ethanol and methylene blue during blue to reduce the negative effects of
open kidney transplantation. WIT.
Intra-abdominal cooling device 23 pigs Local cooling of the renal graft during [47]
with double silicone sheaths for vascular anastomoses by continuously
continuous circulation of 4°C circulating 4°C ethanol and methylene
ethanol and methylene blue during blue to reduce the negative effects of
robotic kidney transplantation. WIT.
A cooling device for the kidney 6 pigs Long-term maintenance of optimal [48]
graft made of thermal insulation 5 patients temperature (10-15°C) during vascular
materials with a cold saline anastomoses to reduce the negative
circulation system. effects of WIT.
A thermally insulating jacket for 5 pigs Long-term maintenance of optimal [49]
the kidney. temperature (0-15°C) during vascular
anastomoses to reduce the negative
effects of WIT.
An ice bag for placing the kidney 66 patients Local cooling of the renal graft during [50]
transplant during implantation. vascular anastomoses to reduce the
negative effects of WIT.
Kidney cooling with Ringer's 37 patients Local intraparenchymal cooling of the [51]
solution through the renal artery kidney during its resection to reduce the

with drainage through an incision negative effects of WIT.
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in the renal vein during robotic
laparoscopic resection.

Continuous retrograde cooling of 6 pigs Renal pelvis continuous local cooling [52]
the kidney with irrigated cold during clamping of the renal artery to

saline solution (1.0-1.3°C) through reduce the negative effects of WIT.

the ureter during ischemia.

Continuous retrograde cooling of 10 patients Renal pelvis local cooling of the kidney  [53]
the kidney during resection with during ischemia to reduce the negative
irrigated cold saline solution effects of WIT.

through a catheterized ureter.

Gradual controlled increase in 12 pigs A gradual increase of the renal [16]
kidney temperature by machine temperature before reperfusion reduces
perfusion (from 4°C to 20°C) after mitochondrial dysfunction and

cold ischemia and before apoptosis after kidney reperfusion by
reperfusion. half.

Hydrodynamic fluid injection into 5 rats Retrograde fluid injection improves [54]
the renal vein (retrograde) after microcirculation after ischemia and

ischemia and reperfusion. reperfusion, reduces inflammatory cell

infiltration of parenchyma, and leads to

a rapid recovery of renal function.
Capsulotomy of the kidney after 8 pigs Reduction of intraparenchymal pressure [55]
cold and warm ischemia. and elimination of compartment

syndrome after reperfusion to improve

the structural and functional condition
of the transplanted kidney.

Microcapsulotomy after ischemia 13 mice Reducing the severity of compartment [56]

and reperfusion. syndrome of the transplanted kidney to
improve its structural and functional
condition.

Microcapsulotomy in combination 29 mice Combination therapy reduces [57]

with the introduction of morphological damage to the kidneys

endothelial stem cells. (tubules), infiltration of macrophages,

and increases the index of proliferation
and regeneration.

Intraoperative increase of blood 106 patients Maintenance of arterial blood pressure  [58]
pressure in the kidney. >150 mmHg before and during

reperfusion improves microcirculation

of the kidney and is associated with

early stabilization of its function.

Intraoperative splenic ischemic 18 rats Reduction of the release of inflammatory [59]
preconditioning before kidney mediators and effective reduction of
implantation. serum creatinine levels.

Remote ischemic preconditioning 18 rats Activation of antioxidant protection of  [60]
of the lower limb before organ liver and kidney cells during ischemia.
ischemia.

Intraabdominal administration of 18 rats Improvement of kidney function after [61]
MSCs after ischemia and ischemia-reperfusion injury by reducing
reperfusion of both kidneys. inflammatory and oxidative reactions.
Introduction of MSCs into the renal 10 rats Improvement of kidney function in [62]
artery and renal vein after ischemia ischemia-reperfusion injury, reduction

and reperfusion of the kidney. of renal tissue fibrosis, and induced IRI.
Introduction of own venous blood 30 rabbits Venous blood reduces the production of [63]
(1 ml) into the renal artery before reactive oxygen species and has an

kidney reperfusion. antioxidant effect on renal tissue after

ischemia and reperfusion.

DGF, delayed graft function; GFR, glomerular filtration ratio; IRI, ischemic-reperfusion injury; MSC,
mesenchymal stromal/stem cells; WIT, warm ischemic time.
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The following methods were described: local cooling of the kidney using devices and/or
irrigation systems (10 articles), local cooling of the kidney with a cold solution through the renal
artery (1), retrograde cooling of the kidney with a cold solution through the ureter (2), intraoperative
administration of MSCs (2), surgical technique of vascular anastomosis to shorten the time of vascular
thrombosis (VTI) (1), intraoperative hydrodynamic effect on the kidney (2), renal capsulotomy (3),
intraoperative preconditioning (2), and kidney perfusion with venous blood (1). The results of these
studies suggest the effectiveness of these methods in preventing kidney IRI during surgery.

Experimental and clinical studies have shown that WIT has a greater negative impact on the
subsequent function of the kidney than cold ischemia [22]. The shorter the period of WIT, the less the
degree of ischemic damage to the renal tissue. Therefore, cooling the kidney and maintaining an
optimal temperature during this phase is one of the main conditions for preventing the consequences
of kidney IRIL

4. Discussion

4.1. Treatment Outcome, Creatinine and Ischemia Were the Most Frequent MeSH Keywords in Related
Studies

The Network Visualization of our bibliometric analysis showed that the most attractive Mesh
keyword in related surveys was treatment outcome. On the other side, previous studies have
mentioned that the treatment outcome of IRI therapy in still insufficient [64]. Thus, this fact validates
our remarked bibliometric finding that the treatment outcome of IRI is still a challenge for researcher
and they have focused a major part of their attention and effort on facing it.

Creatinine was the second most frequent Mesh keyword in related surveys. Prior surveys have
mentioned that researchers consider creatinine as an important criteria in order to measure kidney
injury in IRI situations [65]. Therefore, this finding confirms the result coming from the Network
Visualization of our bibliometric analysis.

Ischemia is an important process that plays a crucial role in the pathogenesis of various organs
including kidney. Thus, scientists have tried to discover a reliable solution for it [66]. Our Network
Visualization analysis confirms this fact.

The Network Visualization demonstrates that Marcus Vinicius Henriques, Barakat, Nashwa and
Corso, Carlos Otavio have been involved in the greatest number of manuscripts in relevant fields.
This finding will help interested authors in related field for choosing the most experienced person
for cooperation. In spite of this fact, Overlay Visualization of these mentioned authors demonstrated
that the main time range activity of them is before 2018 and they had tendency to work with authors
that have not worked in related field since 2018 (Table 2 and Figure S1). Therefore, authors that are
interested in related field and want to make any scientific collaboration in mentioned field should
consider this finding.

According to analysis of Overlay Visualization, authors that are mentioned in Figure S2 has
begun their scientific activity since 2018. They are known as new interested authors in mentioned
field and they are also known as a proper researcher to collaborate with. Thus, interested researchers
can consider these mentioned authors as a proper choice in order to cooperate with in related
scientific area.

According to Network Analysis (Table 2 and Figure 5) Brito, Marcus Vinicius Henriques with
the link and total link strength of 22 and 35, respectively has the most tendency for cooperating with
other researcher but he has not worked with new interested authors that have published manuscript
since 2018. Interestingly, other researchers that are listed in Table 3 have had strong collaboration
with each other (Figure S4). This fact demonstrates that their published manuscript may have a high
value in related scientific field.

4.2. Brand New Compounds, Protein and Receptors in Recent Studies in Related Field

Table 4 contains the list of recent compounds, protein and receptors that have gained the
attention of researchers who are studying about relevant field. According to Network and Overlay
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Visualization analysis, most of these compounds and molecules have the occurrence number of one-
and the-time range of 2018 to 2021 (Table 4 and Figure S3). This result can guide other authors in
order to gain a paradigm for performing their future researches in related field.

4.2.1. Eplerenone Affinities

Previous researches have demonstrated that Aldehyde dehydrogenase 2 can suppress the effect
of 4-hydroxy-2-nonenal. In ischemic situations, 4-hydroxy-2-nonenal can lead renal cells to apoptosis
[34]. On the other side, eplerenon demonstrated the most affinity to Aldehyde dehydrogenase 2.
Thus, this compound demonstrated a coordination between its previous ameliorating IRI effects and
mentioned in-silico affinity. On the other side Eplerenone had the most tendency to estrogen receptor.
This receptor ameliorates IRI [37]. Moreover, prior researches have mentioned that eplerenone can
suppress the process of IRI through Klotho, NF-kB and SIRT1/SIRT3/PGC-1a signalling pathways
[29]. Our in-silico analysis displayed that this compound has the most tendency to Klotho protein
(Table 5). This protein has a remarkable potential for attenuating the IRI process [41]. Therefore, our
in-silico analysis of eplerenon is confirmed by previous surveys. Besides, this agent showed the
highest affinity to Sirtuinl which its ameliorative effects on IRI process has been proved by previous
surveys[42]. Our in-silico based result for tendency of eplerenon to Sirtuinl is validated by prior
researches.

On the other side, eplerenon demonstrated a high affinity to Mineralocorticoid receptor and
Toll-like receptor 4 (Table 5). This in-silico based result is in appose with the results of previous
surveys about the role of eplerenon in the process of IRI [29]. Besides, early srudies have
demonstrated that both mentioned receptors have the capability of amplification of IRI process and
inhibiting them has been studied as a method for suppressing IRI (Table 6) [35,38]. Thus, our results
about the tendency of this agent to both remarked receptors are not validated by previous surveys.

4.2.2. Nicotinamide Adenine Dinucleotide

Nicotinamide adenine dinucleotide has the highest binding affinity to Glucuronidase, MDF and
TNEFR. on the other hand, previous studies have demonstrated the ameliorative effects of NAD on
the process of IRI (Table 5) [32]. This fact confirms the in-silico affinity of mentioned component to
Glucuronidase because inhibiting effects of mentioned receptor has been proved by prior researches
(Table 5) [40]. But the affinity of NAD to TNFR1 and MDF is not confirmed by previous surveys
because these receptors have the capability to amplify IRI condition (Table 5) [36,39].

4.3. Local Cooling of the Kidney

A widespread method of reducing the effect of WIT is local cooling of the kidney by placing ice
around it [67,68]. It is often used for both resection of the kidney and for its transplantation during
secondary WIT in the recipient. In these cases, ice is applied directly to the kidney surface or the
kidney is placed in an elastic container with ice slush [22,43]. Various methods of irrigation of the
kidney with a cold solution with simultaneous aspiration or ice coating during laparoscopic resection
are also used [69,70].

The next stage in the development of methods of local cooling of the kidney can be considered
the use of various types of devices with a closed circulating cooling system [44—48]. Cold saline
solution, ethanol solution with methylene blue or simple sterile water with different feed rates are
used as perfusate in the system. These methods make it possible to maintain the optimal temperature
in the contour around the renal graft within the range of 4-15°C.

Khan et al. developed and experimentally tested a thermally insulating jacket made of synthetic
material for the kidney [49]. This device, based on the thermos principle, allows the kidney
temperature to be maintained for a long time (up to 60 minutes), which was reached during the "back-
table" procedure or cold preservation.

According to the authors, the described methods of local cooling of the kidney decrease the
negative effect of WIT, reduce the frequency of DGF and, thereby, allow obtaining better functional

doi:10.20944/preprints202304.1055.v1
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indicators in comparison with kidney surgery without cooling. However, Karipineni et al. reported
that during a one-year follow-up period for 66 kidney recipients who were operated with an ice bag
during WIT, they did not find a significant decrease in the frequency or duration of DGF compared
to the group without an ice bag [50].

In 37 patients, Liu et al. demonstrated the possibility of cooling the kidney by perfusion with a
cold Ringer's solution through a cannulated (and clamped) renal artery with evacuation of fluid
through an incision in the renal vein [51]. This cooling technique allowed the authors to perform
resection of a kidney, which was disconnected from the bloodstream for 60 minutes, without negative
consequences, even in the absence or functional insufficiency of the contralateral kidney. However,
additional cannulation of the renal artery and then suturing of the artery and vein wounds lengthen
the duration of the surgery.

The method of local cooling of the kidney by continuous retrograde perfusion of a cold solution
through a cannulated ureter is a novel approach [52,53]. This cooling technique allows the operating
field to remain "dry", which is not observed with renal surface irrigation with a cold solution or
covering the kidney with an icy slush.

4.4. Renal Perfusion

In an experimental study on pigs, Schopp et al. demonstrated a twofold decrease in
mitochondrial dysfunction and apoptosis after organ reperfusion by gradually increasing the
temperature of the kidney graft from 4°C to 20°C before reperfusion [16]. This technique can be
translated to clinical practice with some modifications. In another experimental study, Collett et al.
restored the capillary microcirculation of the parenchyma, reduced inflammatory cell infiltration, and
significantly decreased blood creatinine levels by retrograde hydrodynamic perfusion through the
renal vein of the graft before reperfusion, which led to rapid recovery of kidney function [54].
However, this method requires catheterization of the renal vein for a prolonged time, although with
some modifications, it can be adapted for use in recipients in clinical transplantation.

4.5. Renal Capsulotomy

Some animal studies have demonstrated the advantages of intraoperative capsulotomy of the
kidney, such as the elimination of compartment syndrome [55-57]. However, in clinical practice,
capsulotomy is not applicable or can be used in extremely rare cases. The technique proposed by
Japanese researchers to maintain intraoperative systolic blood pressure in the renal artery =150
mmHg is simple to execute [58]. In a comparative study of 106 recipients, they revealed that the use
of this method may be associated with early stabilization of renal graft function. Maintenance of
systolic blood pressure 2150 mmHg was achieved by increasing the volume of infusion and
administering vasopressors if necessary.

4.6. Ischemic Preconditioning

Ischemic pre- and postconditioning are commonly used methods for preventing ischemic injury
[60,71,72]. In an experimental study, a group of researchers used preconditioning by performing
splenectomy and intraoperative compression of the lower extremities [59,60]. Although these
methods are easy to execute, their effectiveness in reducing IRI is questioned [73].

4.7. Tissue Engineering

Tissue engineering involves the use of a combination of cells, biomaterials, and growth factors
to create functional tissue constructs that can be used to replace damaged or diseased tissues. In the
context of kidney IRI, tissue engineering approaches have focused on creating functional kidney
tissue constructs that can be transplanted into the damaged kidney to help repair or replace damaged
tissue [74,75].

One approach to tissue engineering for kidney IRI involves the use of mesenchymal
stromal/stem cells (MSCs), which have been shown to have anti-inflammatory and regenerative
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properties. These cells can be incorporated into a scaffold made of biomaterials, such as hyaluronic
acid or collagen, and then transplanted into the damaged kidney. The MSCs can then release growth
factors and cytokines that promote tissue repair and regeneration, reduce inflammation, and enhance
blood vessel formation. The use of MSCs in kidney recipients shows promise [76]. Preliminary
experimental studies have shown the effectiveness of MSCs in reducing the effects of IRl when
administered via intraoperative injection into the abdominal cavity, renal artery, or vein [61,62]. The
use of MSCs in organ recipients is currently in the stage of experimental and clinical studies and has
not yet become routine [76].

Another approach to tissue engineering for kidney IRI involves the use of decellularized kidney
scaffolds, which are created by removing all cellular components from a donor kidney, leaving
behind a structural framework of extracellular matrix (ECM) proteins [77]. This decellularized
scaffold can then be reseeded with kidney cells, such as renal tubular epithelial cells, and cultured in
vitro to create a functional kidney tissue construct [78]. This tissue construct can then be transplanted
into the damaged kidney, where it can integrate with the host tissue and promote tissue repair and
regeneration.

In summary, tissue engineering approaches hold great promise for the treatment of kidney IRI
by providing functional kidney tissue constructs that can help repair and replace damaged tissue.
These approaches have the potential to improve the outcomes for patients with kidney IR, reducing
the risk of acute and chronic kidney disease and improving overall quality of life.

4.8. Venous Blood Reperfusion

Researchers Cetin et al. experimentally demonstrated the advantages of preliminary perfusion
of an ischemic kidney with venous blood before conventional arterial reperfusion [63]. By using low-
oxygenated venous blood, they were able to reduce the production of reactive oxygen species and
achieve an antioxidant effect. Preliminary results of another similar study also showed encouraging
results [79].

The inevitability of kidney IRI during transplantation has necessitated the development of
various prevention methods, particularly during warm ischemia and reperfusion, which are the most
aggressive periods for the transplant. While prevention strategies for "back-table" and cold
preservation are relatively standardized, various intraoperative prevention methods have been
proposed to counteract the negative effects of warm ischemia and reperfusion on the kidney. Many
of these methods are still in the experimental and clinical trial phases. Of course, there is no single
ideal method for eliminating the consequences of IR, although the use of MSCs shows promise.

4.9. Pros and Cons of Innovative Approaches to Prevent Kidney IRI

To better understand the mechanisms behind kidney IRI and to develop new treatments,
researchers have employed various models to study the effects of ischemia and reperfusion on the
kidney. In this table, we compare some of the most commonly used models for studying the impact
of kidney IRI. We outline the pros and cons of each model, highlighting their advantages and
limitations, to provide a comprehensive overview of the different approaches used to study kidney
IRI (Table 7).
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Type Method Pros Cons Author
Local kidney cooling ~ Local cooling of the kidney graft with a plastic bag with ice (23 e Cheap » Physical action [22]
by a closed system patients) e Simple » Prolonged CIT (instead of
WIT)
Local cooling of the pelvis with ice slush during robotic kidney e Cheap » Physical action [43]
transplantation (7 patients) e Simple » Prolonged CIT (instead of
WIT)
» Warming by reperfusion
immediately after cooling
A controllable double-cycle cryogenic device with circulating e Simple » Need special devices [44]
cooling (cold saline solution: 0-4°C) and warming (warm sterile e Parenchyma warming before » Physical action
water: 30-35°C) system (20 pigs) reperfusion
Net-restrictive plastic jacket with circulating cooling system by e Simple » Need special devices [45]
saline solution at a temperature of 0-4°C (9 patients) » Physical action
» Prolonged CIT (instead of
WIT)
» Warming by reperfusion
immediately after cooling
Intra-abdominal cooling device with double silicone sheaths for e Simple » Need special devices [46]
continuously circulating of 4°C ethanol and methylene blue in open » Physical action
kidney transplantation (13 pigs) » Prolonged CIT (instead of
WIT)
» Warming by reperfusion
immediately after cooling
Intra-abdominal cooling device with double silicone sheaths for e Simple » Need special devices [47]
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Type

Method Pros

Cons

Author

» Warming by reperfusion
immediately after cooling

Cooling device for kidney graft made of thermal insulation e Simple
materials with cold saline circulation system (6 pigs — phase #0; 5
patients — phase #1)

» Need special devices

Physical action

Prolonged CIT (instead of
WIT)

Warming by reperfusion
immediately after cooling

[48]

Thermally insulating jacket for kidney (5 pigs) e Cheap
e Simple

» Need special devices

Physical action

Prolonged CIT (instead of
WIT)

Warming by reperfusion
immediately after cooling

[49]

An ice bag for placing a kidney transplant during implantation (66 e Cheap
patients) e Simple

Physical action

» Prolonged CIT (instead of
WIT)

» Warming by reperfusion
immediately after cooling

» No significant differences

compared models without

ice bag

[50]

Local cooling of the kidney with cold solution irrigation or ice slush e Cheap
during its laparoscopic resection (Review) e Simple

» Physical action
» Prolonged CIT (instead of
WIT)

[69]

Continuous retrograde cooling of the kidney with irrigated cold e Cheap
saline solution (1.0-1.3°C) through the ureter during ischemia (Pig
model)

» Requires additional
catheterization of the ureter
» Physical action

[52]
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Type Method Pros Cons
» Prolonged CIT (instead of
WIT)
Continuous retrograde cooling of the kidney during its resection e Cheap » Requires additional

with irrigated cold saline solution through a catheterized ureter (10

patients)

catheterization of the ureter
» Physical action
» Prolonged CIT (instead of
WIT)

Renal perfusion

Cooling of the kidney with Ringer's solution through the renal
artery with evacuation through an incision in the renal vein during
its robotic laparoscopic resection (37 patients)

Continuously perfusion of
parenchyma

Directly intraparenchymatous
cooling

» Requires additional
catheterization of the kidney
vessels

» Prolonged operating time

Gradual controlled increase of kidney temperature by machine
perfusion (from 4°C to 20°C) after cold ischemia and before

reperfusion (12 pigs)

Continuously perfusion of
parenchyma

Directly intraparenchymatous
cooling and warming

Slowly rewarming before
reperfusion

» Requires additional
equipment
» Prolonged operating time

Intraoperative increase of blood pressure in the kidney (106

patients)

Cheap
Simple

» Physical action

» No GDF incidence in both
group

» No differences in
postoperative GFR, diuresis
in both group

Hydrodynamic fluid injection into the renal vein (retrograde) after

ischemia and reperfusion (5 rats)

Retrograde perfusion
Directly intraparenchymatous
cooling and warming

» Requires additional
equipment
» Prolonged operating time
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Type Method Pros Cons Author
Renal capsulotomy Capsulotomy of the kidney after cold and warm ischemia (8 pigs) e Cheap » Physical action [55]
e Simple » Impossible in clinical practice
Microcapsulotomy after ischemia and reperfusion (13 mice) e Cheap » Physical action [57]
e Simple » Impossible in clinical practice
Microcapsulotomy in combination with the introduction of e Cheap » Physical action Herrler T
endothelial stem cells (29 mice) e Simple » Impossible in clinical practice et al.40
Ischemic Intraoperative splenic ischemic preconditioning before kidney e Cheap » Impossible in clinical practice [59]
preconditioning implantation (18 rats) e Simple » Effectiveness is questioned
Remote ischemic preconditioning of the lower limb before organs e Cheap » Effectiveness is questioned [60]
ischemia (18 rats) e Simple
Using the MSC Intraabdominal administration of MSC after ischemia and e Promising » Impossible in clinical practice [61]
reperfusion of both kidneys (18 rats) ¢ Immunological action now
Introduction of MSC into the renal artery and renal vein after e Promising » Need more experimental and [62]
ischemia and reperfusion of the kidney (10 rats) ¢ Immunological action clinical studies
e Impossible in clinical practice
Venous blood Introduction of own venous blood (1 ml) into the renal artery e Cheap » Need experimental and [63]
reperfusion before kidney reperfusion (30 rabbits) e Simple clinical studies
e Possible in clinical practice
Retrograde venous kidney reperfusion before conventional arterial e Cheap » Need experimental and [79]
reperfusion (15 patients) e Simple clinical studies

IRI = ischemic-reperfusion injury, WIT = warm ischemic time, DGF = delayed graft function, GFR = glomerular filtration ratio, CIT = cold ischemic time, MSC = mesenchymal stem cells.
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4.10. Scoring of Prevention Methods of Kidney IRI

The scoring system for the intraoperative methods of preventing ischemia-reperfusion injury of
the kidney is based on three categories of research: clinical, in vivo, and in vitro (Table 8).

The clinical category refers to research conducted on human patients, and examines the
effectiveness of the therapeutic approach in preventing ischemia-reperfusion injury during kidney
surgery. The maximum score for this category is 3 points, with a score of 3 indicating strong evidence
of clinical effectiveness, a score of 2 indicating moderate evidence, and a score of 1 indicating weak
evidence. If there is no clinical evidence, the score is 0.

The in vivo category refers to research conducted on animal models, such as rats or mice, and
examines the effectiveness of the therapeutic approach in preventing ischemia-reperfusion injury in
these models. The maximum score for this category is 3 points, with a score of 3 indicating strong
evidence of in vivo effectiveness, a score of 2 indicating moderate evidence, and a score of 1 indicating
weak evidence. If there is no in vivo evidence, the score is 0.

The in vitro category refers to research conducted on isolated cells or tissues, such as kidney
cells or kidney tissue, and examines the effectiveness of the therapeutic approach in preventing
ischemia-reperfusion injury in these cells or tissues. The maximum score for this category is 3 points,
with a score of 3 indicating strong evidence of in vitro effectiveness, a score of 2 indicating moderate
evidence, and a score of 1 indicating weak evidence. If there is no in vitro evidence, the score is 0.

Once the scores for each category are determined, the total score for each therapeutic approach
is calculated by summing the scores for the three categories. The maximum total score is 9 points,
which indicates strong evidence of effectiveness in all three categories.

It's important to note that this scoring system is subjective and depends on the available research
articles that have been reviewed. Different researchers or reviewers may assign different scores to the
same therapeutic approach based on their interpretation of the available evidence.

Table 8. Scoring system for intraoperative methods of preventing ischemia-reperfusion injury of the
kidney: a comprehensive overview of pharmacological, surgical, and cellular approaches based on
clinical, in vivo, and in vitro research.

Therapeutic Clinical research In vivo research In vitro research  Total score
approach (0-3) (0-3) (0-3) 0-9)
Ischemic 3 3 3 9
preconditioning

Renal perfusion 3 3 2 8
Tissue engineering 2 2 7
Local cooling of the 2 2 1 5
kidney

Renal capsulotomy 1 2 1 4
Venous blood 2 1 1 4
reperfusion

In the second scoring table, I used a different set of criteria to score each therapeutic approach
(Table 9). Here's an explanation of each criteria and how I scored each approach:

Clinical Approval: This criterion takes into account the degree to which the therapeutic approach
has been clinically approved and is currently used in medical practice. I assigned scores from 1 to 3
based on the following criteria:

1: Little or no clinical approval, and not currently used in medical practice.

2: Some clinical approval, but not widely used in medical practice.

3: Widely accepted in medical practice and highly clinically approved.

Difficulty of Test: This criterion takes into account the difficulty and complexity of the tests or
procedures required to administer the therapeutic approach. I assigned scores from 1 to 5 based on
the following criteria:
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1: Simple and easy to administer, with minimal training required.

2: Requires moderate training and technical skill to administer.

3: Moderately difficult to administer, with specialized training or equipment required.

4: Highly specialized and complex tests or procedures required.

5: Extremely difficult and complex tests or procedures required.

Cost of Operation: This criterion takes into account the cost of administering the therapeutic
approach. I assigned scores from 1 to 5 based on the following criteria:

1: Very low cost, with minimal equipment or resources required.

2: Low cost, but some specialized equipment or resources required.

3: Moderate cost, with significant equipment or resources required.

4: High cost, with specialized equipment or resources required.

5: Extremely high cost, with very specialized equipment or resources required.

Equipment Needed: This criterion takes into account the type and amount of equipment or
resources needed to administer the therapeutic approach. I assigned scores from 1 to 5 based on the
following criteria:

1: Minimal equipment or resources needed.

2: Some specialized equipment or resources needed.

3: Moderate amount of specialized equipment or resources needed.

4: High amount of specialized equipment or resources needed.

5: Very high amount of specialized equipment or resources needed.

Availability: This criterion takes into account the availability of the therapeutic approach,
including the availability of trained medical personnel and equipment or resources needed. I
assigned scores from 1 to 4 based on the following criteria:

1: Widely available, with little or no barriers to access.

2: Somewhat available, with some barriers to access.

3: Moderately available, with significant barriers to access.

4: Limited availability, with significant barriers to access.

For each criterion, we assigned a score to each therapeutic approach based on my subjective
interpretation of the available research in the field. Then, we added up the scores for each therapeutic
approach to get a total score, with higher scores indicating more effective therapeutic approaches
based on the specific criteria used.

In this table, each therapeutic approach is scored based on the available clinical, in vivo, and in
vitro research, with a maximum score of 3 points for each category. The total score is the sum of the
three categories, with a maximum score of 9 points. The scoring system is subjective and may vary
depending on the research articles you review.

Table 9. Scoring System for Intraoperative Methods of Preventing Ischemia-Reperfusion Injury of the

Kidney.
Therapeutic Clinical Difficulty Cost of Equipment  Availability Total
Approach Approval  of Test Operation Needed Score
Tissue 1 5 5 5 1 17
Engineering
Local Cooling 3 2 4 2 4 15
Renal Perfusion 2 3 3 3 3 14
Ischemic 2 3 3 2 4 14
Preconditioning
Venous Blood 2 2 4 3 3 14
Reperfusion
Renal 1 4 2 4 2 13

Capsulotomy
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Tissue Engineering has the highest total score of 17, indicating that it is the most effective
therapeutic approach when taking into account clinical approval, difficulty of test, cost of operation,
equipment needed, and availability. Renal Capsulotomy has the lowest total score of 13, indicating
that it may be less effective than the other approaches based on these criteria.

Based on the results of the two scoring tables, it is clear that there are several promising
therapeutic approaches for preventing and treating kidney ischemia-reperfusion injury (IRI). The
first scoring table suggests that the most effective intraoperative methods for preventing IRI include
ischemic preconditioning, renal perfusion, and tissue engineering. These approaches scored the
highest based on their effectiveness in clinical, in vivo, and in vitro studies.

However, the second scoring table highlights other important factors to consider when
evaluating the effectiveness of therapeutic approaches, including clinical approval, difficulty of test,
cost of operation, equipment needed, and availability. When taking these factors into account, renal
perfusion scored highest, followed by ischemic preconditioning and tissue engineering.

5. Conclusions

In conclusion, the molecular interaction of brand-new compounds, proteins, and receptors has
been extensively studied in recent years to identify potential therapeutic agents for the treatment of
ischemia-reperfusion injury (IRI). Our in-silico analysis of eplerenone showed a high affinity to
Aldehyde dehydrogenase 2, Klotho protein, and Sirtuinl, which have all been previously reported
to have ameliorative effects on the IRI process. However, eplerenone's affinity to Mineralocorticoid
receptor and Toll-like receptor 4, which have the potential to amplify IRI, is not confirmed by prior
research. In the case of Nicotinamide Adenine Dinucleotide, our analysis showed the highest binding
affinity to Glucuronidase, which is consistent with the inhibiting effects of this receptor on IRI.
However, the affinity to TNFR1 and MDF is not confirmed by previous surveys as these receptors
have the capability to amplify IRI. Overall, the findings of this study provide valuable insights into
the molecular interactions of new compounds and their potential therapeutic applications in treating
IRI. Further experimental studies are warranted to validate these findings and explore the clinical
utility of these compounds in the management of IRI.

The prevention and treatment of kidney IRI require a comprehensive strategy that takes into
account all stages of its development. The investigation of the multifaceted pathogenesis of IRI and
the development of effective methods for its prevention and treatment, particularly during periods
of secondary warm ischemia and reperfusion, can enhance the survival rates of both transplant and
organ recipients. In addition to the intraoperative methods discussed in this article, promising
therapeutic methods, such as renal perfusion, may also serve as potential strategies for preventing
and treating kidney IRI. Continued research and clinical trials are necessary to determine the optimal
prevention and treatment strategies for kidney IRI. Furthermore, the results of these scoring tables
suggest that renal perfusion may be a particularly promising therapeutic approach for preventing
and treating kidney IRI, as it scored high on both tables. Continued research and clinical trials are
necessary to determine the optimal prevention and treatment strategies for kidney IRI, and to further
evaluate the effectiveness of promising approaches such as renal perfusion.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Figure S1: the average publication year of authors with the greatest number of
published manuscripts and the condition of their connections with other authors. The average publication year
of Brito, Marcus Vinicius Henriques (A), Barakat, Nashwa (B), Corso, Carlos Otavio (C), Costa, Felipe Lobato Da
Silva (D), Gomes, Regina De Paula Xavier (E), Guven, Ahmet (F), Hausenloy, Derek ] (G), Hussein, Abdel-Aziz
M (H), Korkmaz, Ahmet (I), Santos, Emanuel Burck Dos (J) are displayed.; Figure S2: (A-G): newly interested
authors in related fields that begin their research in mentioned scientific area.; Figure S3: The result of manual
search through Overlay Visualization resulted from our bibliometric analysis for finding the latest compounds,
protein and receptors that are underwent studies in which their role I ischemic reperfusion injury has been
studied.; Figure S4: Network Visualization of authors with the most tendency to collaborate with other
researchers in mentioned field. The size of each square of each author represents the number of link of that
author.
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