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BACKGROUNDKidney transplantation is currently the only radical treatment for end-stage kidney diseases thatallows the patient to get rid of hemodialysis and its side effects and, thus, significantly improves thequality and duration of life. However, a kidney graft is inevitably subject to ischemia, which alwaysaccompanies the surgical process of transplantation, before it is included in the recipient's body's vitalactivity [1]. These changes in the organ begin with the moment of clamping the renal artery in livingdonors, and in cadaveric donors - with brain death, and continue with the preservation of the kidneysand during the imposition of vascular anastomoses. Subsequent reperfusion of the organ initiates acomplex immune-inflammatory process in the renal tissue, defined as ischemic-reperfusion injury (IRI).IRI is the primary and main cause of acute kidney injury after surgery, leading to varying degreesof severity of graft function disorders up to its complete loss [2, 3, 4]. Delayed graft function (DGF)caused by IRI is observed in up to 25-47% of cases after all kidney transplants [2]. There is a direct andsignificant relationship between IRI and DGF, between the severity of IRI and the frequency of acuterejection episodes [5, 6]. Thus, DGF occurs in approximately 25-50% of cases in cadaveric transplants,and up to 17% in living donor transplants [7-12]. The frequency of acute kidney rejection episodes ismore often observed in recipients with DGF than in patients without DGF – 49% versus 35% [13].Moreover, the postoperative development of DGF extends the time of hospitalization and significantlyincreases the cost of additional treatment for the recipient [14].The risk of graft loss in combination with mortality in patients with DGF is 2 times higher than inrecipients without DGF [15]. Moreover, of all recipients with postoperative DGF, 10% may have alethal outcome [16].Currently, there are no accepted unified tactics or clinical recommendations for the prevention and/ or treatment of IRI of any transplanted organ. Despite the fact that the kidney is the most studied organfor IRI, there are also no methods that fully meet the need for reducing DGF.Various approaches are proposed to reduce the negative effects of ischemia and reperfusionduring kidney transplantation. This includes both preoperative and intra - and postoperative methods ofprevention and treatment. Most of the proposed methods are at the stage of experimental or clinicalstudies and require expensive maintenance and / or complex procedures.All available methods, such as dietary preconditioning, various methods of organ storage, varioustypes of machine perfusion, ischemic pre-and postconditioning, the use of mesenchymal stem cells,treatment and prevention with pharmacological drugs, etc. [17] are not universal enough and are notused routinely in clinical practice. Among the listed methods of preventing IRI, pre-andpostconditioning is easy to perform and does not require any additional costs. However, their clinicaleffect is questioned and requires further research [18, 19].Thus, the problem of kidney transplant IRI and its prevention remain relevant today. It isnecessary to analyze and improve existing surgical approaches, with the development of a simple andeffective method for the prevention of kidney transplant IRI, which determined the main goal andobjectives of this work.Our Hypothesis:H (1): retrograde venous reperfusion reduces the renal transplant ischemic-reperfusion injury.Aim of the study:To improve the results of kidney transplantation by intraoperative renal graft retrograde venousreperfusion methods for the prevention of ischemic-reperfusion injuries.Research objectives:1. To develop an intraoperative method for the prevention of ischemic-reperfusion injury to therenal graft by using retrograde venous reperfusion;2. To study the effect of retrograde venous reperfusion on ischemic-reperfusion injury of thekidney in an experiment;3. To evaluate the clinical efficacy of retrograde venous reperfusion of a renal graft duringkidney transplantation;4. To analyze the long-term results of using the intraoperative method of retrograde venousreperfusion of a renal graft in kidney transplant recipients.



MATERIALS AND METHODSThis study included 2 stages: experimental and clinical.The experimental study was conducted on two bases:- Animal Research Laboratory of “Başkent” University (Ankara, Turkey); an animal model wasdeveloped;- Cadaveric Center of the “West Kazakhstan Medical University named after M. Ospanov”;approved by the Local Bioethics Committee of the West Kazakhstan Medical University (No. 10 dated04.12.2021).Ten male rabbits of the New Zealand white breed with an average weight of 4550 ± 70.7 g wereused in the experimental study.All rabbits were kept in a special vivarium and were on a standard food ration, according to therequirements for the maintenance of experimental animals, in compliance with temperature and lightconditions.The model of bilateral renal ischemia (by Wei Q et al., 2012 and Doulamis IP et al., 2021) wasused for the experiment [20, 21]. Laparotomy and isolation of both kidneys and their vessels wereperformed according to the recommendations of the surgical protocol of animal models [22].The experimental model with bilateral renal ischemia followed by reperfusion for thisexperimental study in rabbits was developed in the certified animal laboratory of Başkent Universityand was approved by the " Ethical Committee for Experimental Animal Research "of BaşkentUniversity, Ankara, Turkey (ProjectNo.: E-94603339-604.01.02-38157).Two groups were formed:- group A, the main group – 10 left kidneys of rabbits, with retrograde venous reperfusion(RVRP) before arterial reperfusion;- group B, control group – 10 right kidneys of rabbits that underwent only antegrade arterialreperfusion without prior retrograde venous reperfusion.Under intramuscular anesthesia (VetaKetam, Vet-Agro, Lublin, Poland - 60 mg/kg and Vetaxil,Vet-Agro, Lublin, Poland - 10 mg/kg), laparotomy was performed with the isolation of both kidneys,abdominal aorta and inferior vena cava. After 20 minutes of ischemia of kidneys, both kidneys wereflushed through a cannula inserted into the abdominal aorta with a cold preserving solution of HTK(Custodiol, Dr. Franz Koehler Chemi GmbH, Germany) at a temperature of 4-5°C. Retrogradereperfusion of the left kidney was performed with venous blood from the inferior vena cava through theleft renal vein. After that, a typical arterial reperfusion of both kidneys was initiated.Forty-eight hours after the operation, the rabbits underwent bilateral nephrectomy under identicalanesthesia for histopathological examination.The histological study was conducted on the basis of the morphological laboratory of theDepartment of Histology of the “West Kazakhstan State Medical University”, Aktobe, Kazakhstan.After cutting out the material from the kidneys, its fixation was carried out. A 10% bufferedformalin solution was used as a fixative. Further, sections with a thickness of 4-5 microns were stainedwith hematoxillin-eosin according to the generally accepted method. The material was evaluated usinga light microscope at magnification ×50; ×100; ×400. Microscopy of histological preparations wasperformed using a laboratory medical video microscope "Axio Lab A1", registration certificate-RK-MT-7 No. 009046. Name of the holder of the registration certificate "Carl Zeiss Microscopy GmbH",manufacturer "Carl Zeiss Meditec", Germany, date of state registration: 17.08.2018, №N016546.In the prepared sections, the degree of damage and/or pathological changes in the renal tissues ofthe following histological parameters were evaluated: Desquamation of the tubular epithelium; Tubular debris; Vacuolization; Interstitial edema; Glomerular shrinkage; Apoptotic nuclei; Brush border loss.The degree of severity of each of the histopathological parameters in the studied preparations wasevaluated from 0 to 3 points, according to the semi-quantitative analysis scale according to MartinAlexander, 2010 [22], where the points meant:"0" – no damage or changes,"1" – low degree of damage / changes,"2" – moderate degree of damage / changes,



"3" – severe damage / changes.
Clinical trialThe research work was carried out at the clinical base of the Department of Surgical Diseases No.2 with Urology of the "West Kazakhstan Medical University" and "Aktobe Medical Center",Department of Elective Surgery and Transplantation.The analysis of the materials of the clinical study is based on the results of performing heterotopickidney transplantation from living donors in 60 patients with end-stage CKD, operated on from 2018 to2023 at the Aktobe Medical Center.This clinical study was approved by the Bioethical Commission of the “West KazakhstanMedical University” (conclusion No. 55A. 02.09.2021) and registered in the International Register ofClinical trials ClinicalTrials.gov (ID: NCT05179434). Kidney transplants to recipients of both groupswere performed after the approval of the Ethical Commission of the Health Department of Aktoberegion. All kidney recipients from the main and control groups were examined in accordance with theclinical protocol dated December 14, 2017 (Protocol No. 35) developed by the Ministry of Health ofthe Republic of Kazakhstan.Research design.Type of study: monocentric clinical trial, with partial historical control.Number of participants: 60 (with 95% CI and 62% GP, the required sample size is 54).Research model: longitudinal.Disguise: none.Main goal: prevention.Dates: September 2020 - May 2023.
The patients were divided into 2 groups:The main group consisted of 30 recipients with retrograde venous reperfusion of a renal graftbefore a typical arterial one.The control group consisted of 30 recipients with only typical arterial reperfusion.Donors from both groups of patients underwent identical laparoscopic nephrectomy. In bothstudy groups, patients received the same three-component immunosuppression regimen after surgery:calcineurin inhibitors (tacrolimus), mycophenolate mofetil and steroid.Research criteria.General criteria:age for research: adult;gender for research: all (women and men);availability of volunteers: none;Blinding: no;Inclusion criteria:- patients with end-stage CKD – KDIGO CKD Stage IV-V, 2020 [23] – who are ready for kidneytransplantation;- donors of recipients with laparoscopic kidney removal;- the level of HLA-antibodies is less than 20% – to exclude the immunological effect of the bodyon the graft immediately after the transplant surgery;- informed consent to participate in the study;Exclusion criteria:- recipients who are preparing for a combined kidney and other organ transplant;- recipients with previously performed transplantation of another organ;- recipients preparing for transplantation with a different immunosuppressive regimen;- upcoming AB0-incompatible kidney transplantation;- the level of HLA-antibodies is more than 20%;- the presence of a history of malignancy;- mortality of the recipient within one year after transplantation from extrarenal pathologies;- pregnant women.
To compile the initial clinical characteristics of patients in both groups, the following clinical andlaboratory parameters were used:- age,- gender,



- relationship to the donor,- body mass index (BMI),- duration of hemodialysis up to the moment of transplantation (months),- baseline creatinine (μmol/L) and urea (mmol/L) blood serum immediately beforetransplantation,- estimated GFR according to the accepted formula CKD-EPI before transplantation (ml/min/1.73m2), - the level of HLA-antibodies in the blood before surgery (%),- duration of primary thermal ischemia of the graft (minutes),- duration of cold graft ischemia (minutes),- duration of secondary thermal ischemia of the graft (minutes),- the total duration of the transplant operation in the recipient, excluding the time of the donoroperation (minutes).
Methods of researchEvaluation of immediate results.Clinical and laboratory parameters:- Serum urea and creatinine levels – on the 1st, 4th, 7th, and 14th days after transplantation-inboth groups.- Calculation of eGFR – 1st, 4th, 7th, 14th day after transplantation-in both groups. Thecalculation was performed using an online calculator using a single accepted formula CKD-EPIaccording to the recommendations of the National Kidney Foundation [24].- gases analysis of kidney reperfusate and blood from the iliac vein-intraoperatively in patients inthe group with RVRP. The composition of retrograde blood flowing from the renal artery wascompared with the composition of blood from the central vein (left iliac vein.- Measurement of daily diuresis – on the 1st, 4th, 7th and 14th days after transplantation – in bothgroups. Daily diuresis (ml) in the first seven days after organ ischemia and its subsequent reperfusionreflects the severity of IRI of tubular cells expressed as the total volume of hyperfiltration.Instrumental methods:- Renal graft ultrasound – on the 1st, 4th, 7th, and 14th days after transplantation – in bothgroups. The ultrasound machine automatically measures the resistance index (RI) of the renal graft,which is determined by the formula: (peak systolic velocity – end-diastolic velocity) / peak systolicvelocity, which expresses the percentage decrease in end-diastolic blood flow in the renal vesselsrelative to the maximum systolic blood flow.
Evaluation of long-term results.Clinical and laboratory parameters:- the level of urea and creatinine in the blood serum - on the 30th, 60th day and 1 year aftertransplantation-in both groups. A dynamic comparison of creatinine and urea levels in both groups wasperformed.- Calculation of GFR – 30th, 60th day and 1 year day after transplantation-in both groups. Thecalculation was carried out using an online calculator using a single accepted formula CKD-EPI.- the level of HLA-antibodies in the blood serum-on the 30th day and one year aftertransplantation-in both groups. A dynamic comparison of the level of antibodies (%) in the blood ofrecipients of both groups was carried out.Instrumental methods:- USG of the renal graft – 30th, 60th day and 1 year after transplantation – in both groups.Measurement of the renal graft parenchymal resistance index (RI), which reflects the degree of renaltissue edema.Graft survival is the rate of loss of kidney graft function within one year.Statistical analysis was performed using SPSS version 20.0 for Windows (SPSS Inc, Chicago,IL, 2020). Use the Student's t-test was usedin the samples, and the Fischer test was used for smallsamples. To compare the nonparametric variables of the two groups with the median values, the Mann-Whitney U-test was used as a two-sample criterion for independent samples. The Xi-square test wasused to test the hypothesis of a difference in population distributions or to determine the correlation.Statistical differences between the two groups were considered significant at p<0.05.



RESULTS
Results of the experimental studyTo confirmя the hypothesis that PVRP reduces the degree of IRI, anexperimental study wasconductedе исследовани. For this purpose, an animal model with bilateral renal ischemia was used withfurther RVRP of the left kidney and histological analysis of both kidneys 48 hours after exposure.Based on the results of histological studies, a comparative assessment of pathomorphologicalchanges in the kidney tissues of both groups was carried out according to the following sevenparameters: epithelial desquamation, patency of the tubules, vacuolization, interstitialёedema,glomerular wrinkling, nuclear apoptosis, and loss of the brush border of the proximaltubules.Results of histological studies with a quantitative assessment ofсpathological changes in the renaltissues of both groups:1) Desquamation of the epithelium.In the control group, tubular epithelial desquamation was detected in seven out of ten kidneys. Thetotal degree of epithelial desquamation in all seven kidneys of the control group was 15 points (average1.50±1.18 points). At the same time, in the main group, desquamation was observed only in five out often renal tissue samples (on average, 0.70±0.82 points). Moreover, in this group, changes in three of thefive kidneys were estimated at 1 point – a slight degree of epithelial desquamation. Thus, in the renaltissues of the main group, epithelial desquamation was observed 1.4 times less frequently than in thecontrolgroup, and in most cases it was mild, p=0.042) Tubular debris.In the control group of ten kidneys, the patency of the tubules was impaired in nine, and in themain group – in five out of ten.Moreover, in two kidneys, changes were mild (22.2%), in five –moderate (55.6%), in two kidneys – severe (22.2%) obstruction of the renal tubules. The degree of thesepathological changes in all ten kidneys in the control group averaged 1.80 ± 0.92 points, compared to0.60±0.70 points in the main group, p=0.002. That is, in the main group, the degree of tubule blockageafter retrograde renal reperfusion was less pronounced compared to the control group.3) Vacuolization.Pathological changes in renal tissues in the form of vacuolization of cells were present in ninekidneys out of ten in each of the groups – 90%. In the main group, the severity of vacuolizationaveraged 0.50±0.97 points compared to 1.90±0.99 in the control group. The severity of these changes inboth groups was statistically the same, p=0.18.4) Interstitial edema.Interstitial edema was observed in all 20 kidneys studied. Although in the main group, the totaltotal degree of edema was lower, than in the control group (14 and 18 points, respectively). Statistically,the degree of interstitial edema was the same in both groups and amounted to 1.40 ± 0.52 points in themain group and 1.80 ± 0.79 points in the control group, p=0.09.5) Glomerular shirinkage.Glomerular shirinkage was found in nine out of ten kidneys in the control group, and one of themhad severe changes (Figure 18). While in the main group, shirinkage was detected only in four samples,and all four were slightly pronounced. On average, the degree of glomerular shirinkage was 0.40 ± 0.52points in the main group and 1.70±0.82 points in the control group. Thus, in the histological samples ofthe main group using the RVP technique, pathological changes in the form of glomerular shirinkagewere significantly less pronounced, p=0.0002.6) Nuclear apoptosis.In the control group, nuclear apoptosis was detected in the tissues of eight out of ten kidneys: intwo kidneys, changes were mild, in three – moderate and in three – severe. In the main group, only fourtissue samples showed mild apoptosis. Thus, the total degree of nuclear apoptosis in the control groupaveraged 1.70±1.16 points, and in the main group – 0.40±0.52 points. When comparing the data in thecontrol group, pronounced apoptosis of cell nuclei was observed compared to the group with RVRP,p=0.002.7) Brush border loss.Brush border loss of the tubules was observed in eight cases out of ten kidneys in the controlgroup. The severity of these changes was 1.30±0.95 points, and a total of 13 points. In this group, Brushborder loss was mild in three kidneys, moderate in three, and severe in one case. In the main group, this



change was found in five samples, but they were slightly pronounced. Brush border loss of the proximaltubules in the main group averaged 0.50±0.53 points, a total of 5 points. Thus, the group with RVRPshowed minimal damage to the Brush border loss of the tubules compared to the control group, p=0.01.A comparative analysis of histological changes in kidney tissue revealed a statistically significantdifference in five out of seven indicators in the main group. Epithelial desquamation, tubular debris,glomerular shirinkage, nuclear apoptosis, and brush border loss were less pronounced in the renal tissuesamples in the group with RVRP (p<0.05). At the same time, there were no significant differences in thedegree of cell vacuolation and interstitial edema in samples from renal tissues of both groups (p>0.05).Thus, the analysis of the obtained pathomorphological data showed that previous renal RVRP cansignificantly reduce the severity of pathological changes observed after ischemia and renal reperfusion.Moreover, in the main group, compared with the control group, the severity of epithelial desquamationwas 2.1 times lower, tubular debris – 3 times, glomerular shirinkage and nuclear apoptosis – 4.3 times,and brush border loss – 2.6 times (p<0.05).
Results of the clinical trialThe results of the experimental study showed that the method of RVRP of the kidney significantlyreduces its IRI and served as a justification for using this method in a clinical setting.The clinical study included 60 patients with a diagnosis of stage 4-5 CKD, who underwentheterotopic kidney transplantation from living donors. The main group consisted of 30 patients whounderwent renal graft RVRP before antegrade arterial reperfusion. The control group included 30patients with typical antegrade arterial reperfusion.Indications for kidney transplantation in all recipients were CKD stage 4-5 with GFR <30 ml/min/1.73m2 according to the KDIGO, 2020 criteria [25]. All 60 recipients received kidney transplantsfrom living related donors. All 60 donors in both groups had their kidneys removed laparoscopically toensure uniformity of the study. The majority of donors in both groups for their recipients were first-generation relatives (91.7%) – sisters or brothers, mother or father, and children.All recipients were examined according to Health Ministry clinical protocols prior to surgery.Patients in both groups received a hemodialysis session the day before the transplant.In order to confirm the presence of ischemic damage to the transplanted kidney, blood wascollected from the recipient's iliac vein for gas analysis immediately before the start of RVRP. Next,retrograde reperfusion was performed according to the proposed method. Retrograde blood in thevolume of 80-100 ml flowed out of the left "window" of the arterial anastomosis. This retrograde bloodflowing out of the transplanted kidney was collected for analysis of gas composition.A comparative analysis of the gas composition of retrograde blood with blood samples taken fromthe iliac vein of recipients of the main group immediately before RVRP revealed that the pH inretrograde blood was lower than in blood from the iliac vein – 6.40±0.39 and 7.38±0.03, respectively(p<0.01). This confirms the presence of an excess of bases (BEecf) in the blood flowing from the kidneycompared to the blood from the recipient's central vein: -25.86±2.49 mmol/L and -1.98±0.21 mmol/L,respectively (p<0.01). High levels of lactate and potassium were also found in retrograde blood:5.2±0.55 mmol/L and 13.13±1.77 mmol/L versus 1.08±0.38 mmol/l and 4.30±0.36 mmol/L in the bloodfrom the iliac vein (p<0.01). And the level of calcium was significantly lower in retrograde blood(0.54±0.06 mmol/L) than in the blood from the iliac vein (1.13±0.05 mmol/L) of recipients (p<0.01).The data obtained convincingly showed the presence of deep metabolic disorders in kidney tissuesdue to the period of cold and warm ischemia and subsequent reperfusion. Deep acidosis, a pronouncedexcess of BEecf, a high concentration of lactate and potassium, and a low content of calcium inretrograde blood confirmed the development of IRI in the tissues of the transplanted kidney.
Postoperative characteristics.On the first day after surgery, the recipients of the main group had a diuresis of 4979.7±1781.9ml/dayl, and in the control group: 7943.3±2391.6 ml/day. In the following days after surgery (days 4, 7,and 14), pronounced polyuria occurred in comparison with the initial diuresis indicators in the maingroup (p<0.01). So, on day 4, the daily diuresis was 3966.7 ± 723.9 ml/day in the group with RVRP and4526.7±661.6 ml/day in the control group (p<0.01). On day 7, polyuria also persisted in the controlgroup and amounted to 3441.7±448.4 ml/day compared to 3048.3±394.1 ml/day in the main group(p<0.01). It should be noted that on day 14, minor polyuria still persists in the control group



(2361.7±286.4 ml/day), while in the main group there is an earlier normalization of daily diuresis (p<0.02).This fact reflects the fact that IRI of a kidney transplant was more pronounced in the control groupthan in the main group. in the control group, polyuria persisted and was significantly higher than thedaily diuresis in the main group.The recipients' serum creatinine levels on the 1st, 4th, 7th, and 14th days after surgery weresignificantly lower in the main group (p<0.05), compared with those in the group without RVRP. Thedynamics (trend) of the decrease in creatinine levels was as follows: Day 1 – 264.4±78.4 vs 299.0±42.1μmol/L; Day 4 – 91.0±12.3 vs 101.7±6.0 μmol/L; Day 7 – 78.2±14.3 vs 89.8±10.4 μmol/L; Day 14 –76.8±10.5 vs. 89.1±11.4 μmol/L, respectively. At the same time, in the main group with the use of theRVP method, normalization of creatinine levels in patients is observed on the 4th day, while in thecontrol group, a tendency to normalization was noted only from the 7th day after transplantation. Asimilar pattern is observed in the urea level.The eGFR levels on days 1, 4, 7, and 14 after surgery were significantly higher in the main group(p<0.05) than in the control group. Dynamics of eGFR increase in the comparative aspect: day 1 –26.7±12.6 vs. 22.1±6.4 ml/min/1.73m2; Day 4 – 90.2±18.8 vs. 80.3±15.9 ml/min/1.73m2; Day 7 –104.9±17.2 vs. 92.1±21.8 ml/min/1.73m2 and day 14 – 103.5±17.5 versus 95.4±12.9 ml/min/1.73m2,respectively. As can be seen from the results obtained, in the group of patients with RVRP, eGFRindicators starting from 4 days after surgery tend to improve the filtration capacity of kidney transplants.When performing US of the kidney grafts, the resistance index was: day 1 – 0.53±0.06 and0.73±0.11; day 4 – 0.66±0.14 and 0.70±0.08; day 7 – 0.64±0.09 and 0.68±0.07; day 14 – 0.54±0.04 and0.66±0.06 in the main and control groups, respectively. In the two groups, there were no statisticallysignificant differences in RI indicators (p>0.05).The average duration of postoperative hospital stay of recipients in the main group was 17.9±2.2days, and in the control group: 24.3±3.13 days.In the main group of patients using the PVRP method, the average level of creatinine and urea onthe 30th, 60th days and one year after transplantation remained within the normal range, while in thecontrol group this indicator still remained elevated. Creatinine values in the group with RVRP were: atthe 30th Day – 69.7±10.8 vs. 86.2±4.7 μmol/L; at the 60th – 79.9±8.03 vs. 92.03±8.1 μmol/L; at 1 year– 85.4±7.9 vs. 91.43±8.9 μmol/L, respectively (p>0.05).The eGFR levels on days 30, 60, and one year after surgery were significantly higher in the maingroup (p<0.05) compared to the control group without RVRP. The average eGFR level one month aftertransplantation in the control group was 100.7±10.7 ml/min/1.72m2, in the main group – 112.9±13.8 ml /min/1.72m2; on day 60: 92.2±14.6 and 106.3±14.5; after 1 year – 92.3±16.2 and 99.5±13.9 ml/min/1.72m2, respectively. As can be seen from the results obtained, in the group of patients with RVRP,eGFR indicators in the long-term period after surgery remain at high levels, which indicates the optimalfiltration function of renal grafts.When conducting an immunological analysis one month after transplantation, no HLA-antibodiesof both classes I and II were detected in the blood of recipients of the main group. While in therecipients of the control group on the 30th day after surgery, the average level of class I HLA-antibodieswas 1.8±4.6%, and class II – 0.83±2.7% (p<0.01). One year after transplantation, the blood level of classI HLA-antibodies was not detected in the recipients of the main group, while class II antibodies were0.2±1.1%. And in the recipients of the control group, after 1 year, the level of class I HLA-antibodiesaveraged 2.1±4.9%, and class II – 1.9±4.5% (p<0.01).
Graft survival.The analysis of long-term results revealed that within one year, the loss of kidney transplantfunction in the control group was observed in 4 recipients, which was 13.3,%, in the main group thiscomplication was only in 1 patient – 3.3% (p=0.16).In the control group, the causes of graft loss were:- acute sever respiratory infection – 1;

- rejection – 3.Graft loss in one recipient in the main group occurred against the background of extrarenalpathology 8 months after surgery. A severe acute respiratory infection caused graft dysfunction,followed by a complete loss of its function. While in the control group, the main cause of graft loss



(75%) was renal pathology in the form of chronic kidney rejection. Thus, the overall one-year survivalof kidney transplants in both groups did not differ statistically. When analyzing the survival rate of akidney transplant without taking into account cases of loss of kidney function due to extrarenalpathologies, according to the Gehan-Breslow-Wilcoxon test, a statistically significant difference wasfound between the survival rates of the main and control groups (p=0.04). The hazard ratio for treatmentin control group (without RVRP) was higher than in main group with RVRP (95% CI: 1.099 to 58.37),as calculated using the Mantel-Haenszel method.
Thus, retrograde venous reperfusion of renal transplants, which precedes antegrade arterialreperfusion, reduces the effects of IRP of the renal parenchyma after its ischemia and reperfusion, andaccelerates the normalization of renal functional parameters. This effect of RVRP increases its survivalrate and reduces the risk of graft loss within one year directly from renal causes.
Based on the results of the study, the following conclusions can be drawn:1. Retrograde venous kidney reperfusion in recipients is an effective intraoperative method forpreventing ischemic-reperfusion injury to the graft. It is technically simple to perform and does notrequire any additional tools or equipment.2. Результатами As a result of an experimental study in animal models, it was found thatpreliminary retrograde venous reperfusion of an ischemic kidney significantly reduces the severity ofischemic-reperfusion damage compared to typical antegrade arterial reperfusion: epithelialdesquamation by 2.1 times, tubular detachment and obstruction by 3 times, glomerular wrinkling andnuclear apoptosis by 4.3 times, and damage to the brush border – by 2.6 times.3. The intraoperative method of prevention of ischemic-reperfusion injury of the renal graft byretrograde venous reperfusion allows to accelerate the normalization of functional parameters of thekidney by 2 times, to reduce the time of postoperative stay of patients in the hospital by 1.4 times.4. In the long-term postoperative period, the method of retrograde venous reperfusion of a renalgraft allows maintaining the optimal filtration function of the transplanted kidney, increasing its survivaland reducing the renal graft loss within one year by 1.2 times.
Practical recommendations1. During kidney transplantation, intraoperative retrograde venous reperfusion of the graft shouldbe performed to prevent ischemic reperfusion injuryретроградную венозную реперфузию .2. After the venous anastomosis is completed, an arterial anastomosis should be applied withouttightening the suture, leaving a lumen for the outflow of retrograde blood.3. Before a typical arterial reperfusion, retrograde blood flow through the renal vein should beperformed so that venous blood fills the graft and flows out through the renal artery in a volume of 80-100 ml. Next, the suture of the arterial anastomosis should be tightened and bandaged.4. After retrograde venous reperfusion, perform antegrade arterial reperfusion of the graft throughthe renal artery.
Scientific novelty1) A new intraoperative method for the prevention of ischemic-reperfusion injury to the renal graftwas developed by using retrograde venous kidney reperfusion (Patent for the invention of the Republicof Kazakhstan No. 2021/0443.1 - 27.01.2021);2) In the experiment, the positive effect of the retrograde venous reperfusion method on ischemic-reperfusion kidney damage was established;3) The clinical efficacy of retrograde venous reperfusion of a renal graft during kidneytransplantation was evaluated;4) Based on the study of the long-term results of using the intraoperative method of retrogradevenous reperfusion of a renal graft in recipients, its high effectiveness in kidney transplantation wasrevealed.Practical significanceThe developed intraoperative method for the prevention of ischemic-reperfusion injury to the renalgraft by using retrograde venous reperfusion in recipients can improve the results of kidneytransplantation.



Implementation forms1. Patent for the invention of the Republic of Kazakhstan No. 2021/0443.1 - 27.01.2021"Prevention of ischemic-reperfusion damage to the renal graft by using retrograde venous kidneyreperfusion";2. Practical Healthcare Implementation Act No.283 of 19.12.2022: "Method of renal graftretrograde venous reperfusion";3. Implementation Act No.16 of 01.02.2023 in practical healthcare: "Method of local intra-ureteralcooling of a kidney graft during implantation in a recipient".Performances:1) XXXIX Congress of the TTS-2024 (Turkey, Istanbul, 2024 - September);2) “Asian Transplantation Week 2023” (Republic of Korea, Seoul, 2023 - November);3) III Congress of Surgeons of Kazakhstan with international participation (Kazakhstan, Almaty,2022 - September);4) XXX Congress of the TTS-2022 (Argentina, Buenos Aires, 2022 - September);5) “Asian Transplantation Week 2021” (Republic of Korea, Seoul, 2021 - October);6) International Scientific and Practical Forum of the Caspian Littoral Countries "Technologiesand Innovations" (Astrakhan, Russia, 2021 - March);7) “Asian Transplantation Week 2020” (Republic of Korea, Seoul, 2020 - December).Publications 4 articles: Q2 (68%) - 1, Q3 (38%) - 1, Q4 (24%) - 2:1. Rysmakhanov, M., Smagulov, A., Sultangereyev, Y. et al. Evaluation of the effect of retrogradevenous renal reperfusion in rabbits on ischemic reperfusion injury: an experimental study. Comp ClinPathol (2024). https://doi.org/10.1007/s00580-024-03606-1.2. Rysmakhanov MS, Zare A, Smagulov AS, Abenova NA, Mussin NM, Sultangereyev YB,Zhakiyev BS, Kuttymuratov GK, Haberal M et all. Comprehensive Overview of Innovative Strategies inPreventing Renal Ischemia-reperfusion Injury: Insights from Bibliometric and In Silico Analyses. CurrPharm Des. 2024 Apr 26. doi: 10.2174/0113816128283420240409050754.3. Rysmakhanov M, Yelemessov A, Mussin N, Yessenbayev D, Saparbayev S, Zhakiyev B,Sultangereyev Y. Two- and three-dimensional laparoscopic donor nephrectomy: a comparative studyof a single-center experience. Korean Journal of Transplantation 2022;36:104-110.https://doi.org/10.4285/kjt.22.0003.4. Rysmakhanov M, Smagulov A, Mussin N, Kaliyev A, Zhakiyev B, Sultangereyev Y,Kuttymuratov G. Retrograde reperfusion of renal grafts to reduce ischemic-reperfusion injury. KoreanJournal of Transplantation 2022;36:253-258.https://doi.org/10.4285/kjt.22.0053.
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