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Abstract 

Aim. To determine statistically significant risk factors for delayed renal 

graft function. To assess the impact of delayed kidney graft function on 

the development of other complications, graft and recipient survival. 

Material and methods. In 237 consecutive kidney transplant recipients 

(from June 2018 to December 2021), we assessed its function in the early 

postoperative period. Delayed function was considered to be the need for 

hemodialysis in the first week after surgery. Among the donor factors, the 

type of donor, age, body mass index, the presence of vasopressor support, 

the time the donor was in intensive care, and the maximum level of 

creatinine during the follow-up were evaluated. Recipient risk factors 

include age, gender, body mass index, presence/absence and amount of 

urine, presence of preformed anti-HLA antibodies and/or repeated kidney 
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transplantation, number of mismatches for six HLA antigens, number of 

mismatches for HLA-DR, presence and type of renal replacement 

therapy, etiology of end stage kidney disease. Among the perioperative 

risk factors are the duration of cold preservation, the time of second 

warm ischemia, the volume of intraoperative blood loss, the 

intraoperatively determined renal arterial resistive index of the renal 

graft, and the maximum concentration of tacrolimus in the first 4 days 

after kidney transplantation. After that, the relationship between the 

presence of delayed kidney graft function and the development of early 

postoperative complications was assessed and its effect on the long-term 

survival of grafts and recipients was analyzed. 

Results. Out of 237 cases, 9 showed no function of the transplanted 

kidney, and therefore the grafts were removed. The incidence of delayed 

renal graft function was 24.5% (58/237). According to the results of a 

univariate analysis, a statistically significant relationship of a delayed 

renal graft function was found to the following parameters: donor body 

mass index (p=0.019), male gender of the recipient (p=0.048), recipient 

body mass index (p=0.038), amount of urine (p=0.003), anuria 

(p=0.002), presence of preformed antibodies (p=0.025), repeated 

transplantation (p=0.002), time of second warm ischemia (p=0.036), 

intraoperative renal arterial resistive index (p=0.004) and maximum 

tacrolimus concentration in the first 4 days (p=0.022). In the multivariate 

model, donor body mass index >30 kg/m2 and peak tacrolimus 

concentration >23 ng/mL in the first 4 days were statistically significant 

(p=0.018 and p=0.025, respectively). A trend towards statistical 

significance was noted in the presence of oligoanuria before kidney 

transplantation (p=0.066) and resistance index >0.75 after surgery 

(p=0.056). One-year renal transplant survival in the absence and 

presence of delayed kidney graft function was 92.4% and 87.7%, two-



year survival was 89.4% and 76.1%, respectively. The effect of a delayed 

kidney graft function on graft survival was statistically significant 

(p=0.01), while the overall recipient survival did not differ between the 

groups. 

Conclusion. During the univariate analysis, we identified 9 statistically 

significant factors, of which at least 3 are potentially modifiable. In the 

multivariate model, the most significant modifiable risk factor was an 

increased concentration of tacrolimus, which prompted the authors to 

reconsider the existing immunosuppressive protocol at the City Clinical 

Hospital n.a. S.P. Botkin. We consider the search for modifiable 

statistically significant risk factors for patients, their analysis and the 

implementation of preventive measures to be important tasks for each 

kidney transplant center. 
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AKI – acute kidney injury 

BMI – body mass index 

CKD – chronic kidney disease 

CRF – chronic renal failure  

DKGF – delayed kidney graft function  

IRI – ischemia-reperfusion preservation graft injury 

KT – kidney transplantation 



OR – odds ratio 

RI – resistance index 

RRT – renal replacement therapy 

SWI – second warm ischemia 

US – ultrasonography/ultrasound examination 

 

Introduction 

With current development of medicine, kidney transplantation 

(KT) is the "gold standard" for the treatment of the end-stage renal 

disease, since it demonstrates the best medical, social and economic 

efficiency in patients without absolute contraindications to this 

intervention [1]. Delayed kidney graft function (DKGF) according to the 

world literature is one of the most common complications of the early 

postoperative period. It is undeniable that the increase in DKGF 

incidence has mainly been associated with an increase in the donor pool 

due to the expansion of the criteria. Thus, the incidence of DKGF makes 

a mean of 5–10%is in living donor KT, 15–35% in KT from a donor with 

a confirmed brain death, and about 50% in KT from a donor with an 

irreversible arrest of effective blood circulation [2–7]. 

Delayed kidney graft function represents acute kidney injury 

(AKI), however, is not defined as a 2-fold increase in serum creatinine 

within 48 hours, but as the need for renal replacement therapy (RRT) 

within 7 days after transplantation. For use in clinical practice, this 

definition is not perfect, but at the same time it provides the standard 

convenient for statistical processing, according to which transplant 

centers can pragmatically report their own results [8]. It should be noted 

that the delayed kidney/renal graft function is a risk factor for many long-

term adverse consequences of KT, including acute rejection, reduced 



graft survival, and others [9–14]; and therefore the relevance of this 

problem is extremely high. 

Despite the obvious impact of donor characteristics on the DKGF 

development, the structure of risk factors for this complication is 

extremely diverse. Along with donor risk factors such as: donor age over 

60 years, donor body mass index (BMI) over 30 kg/m2, donation after 

cardiac death, AKI presence, high level of vasopressor support , etc. [15–

19], the risk factors on the recipient's part play an important role. With 

different levels of evidence, they include an increased BMI, male gender, 

dialysis duration, absence of residual diuresis, sensitization to HLA 

antigens and/or repeated KT, the number of HLA-DR mismatches, a 

history of diabetes mellitus, cardiovascular pathology, etc. [20−23]. 

Perioperative risk factors, including prolonged periods of static cold 

preservation [24–26], duration of primary [27, 28] and secondary warm 

ischemia [29], may also have a certain impact on DKGF development. 

Some authors noted the role of the nephrotoxic effect of calcineurin 

inhibitors in the early postoperative period as the cause of the DKGF 

development [30, 31]. To date, there are limited data on the effect of the 

recipient's hypercoagulation status on the decrease in the initial function 

of the kidney graft [32]. 

In the course of studying the literature, we noted differences in 

detected statistical significance of the same risk factors for DKGF in 

different authors. In this regard, the main goal of our study was to analyze 

potential risk factors and the impact of delayed kidney graft function on 

long-term adverse effects in kidney transplant recipients operated on at 

our center from 2018 to 2021. 

 

 

 



Material and methods 

From June 2018 to December 2021 at the City Clinical Hospital 

n.a. S.P. Botkin 237 isolated KT from a post-mortem donor were 

performed. 

 

Characteristics of recipients 

Among all recipients, there were 147 (62%) men and 90 (38%) 

women. The mean age of the patients was 46.69±11.55 (from 19 to 73) 

years. The most common cause (61%) of the end-stage chronic renal 

failure (CRF) was chronic glomerulonephritis (Fig. 1). 

 
Fig. 1. Etiological structure of end-stage chronic renal failure in 

kidney transplant recipients 

 

At the time of KT, 226 of 237 patients were on RRT, of which 185 

(82%) were treated with program hemodialysis, 41 with peritoneal 

dialysis (18%). Diuresis before surgery was noted in 158 patients 

(66.6%), and was absent in 79 (33.4%). The performed KT was the first 

one in 203 patients (85.7%), the second one in 32 (13.5%), and the third 

one in 2 (0.8%). The median BMI of the recipients was 25.65 (IQR: 23–



29) kg/m2. An increase in the level of preexisting class I antibodies was 

observed in 15 patients (6.3%), those of class II in 18 patients (7.6%). 

 

Donor characteristics 

In all 237 cases, KT was performed from a post-mortem donor. The 

kidney donor was qualified as a standard criteria donor in 119 cases 

(50.2%), as an expanded criteria donor in 115 cases (48.5%), as a donor 

with a cardiac arrest in 3 cases (1.3%). Median donor age was 49 (IQR: 

41–55) years, BMI was 26.8 (IQR: 24.3–31.0) kg/m2. Median creatinine 

levels and ICU length of stay were 86.5 (IQR: 70–103) µmol L and 49 

(IQR: 30.5–77.0) hours, respectively. Vasopressor support was required 

in 202 of 237 donors (85.2%), among whom 16/202 (7.9%) had a dose of 

norepinephrine that either exceeded 1000 ng/mg/mL or required the use 

of a second vasopressor drug. 

 

Characterization of perioperative factors 

Kidney removal from the donor, cold preservation, surgery on the 

recipient, recipient management in the postoperative period and 

immunosuppressive therapy were performed using standard methods 

according to the National Clinical Guidelines. In all cases, Custodiol® 

HTK Solution was used to preserve kidney grafts. The median cold 

storage time was 10.4 (IQR: 8.5–12.3) hours. The median time of second 

warm ischemia (the formation of vascular anastomoses) was 40 min 

(IQR: 30–50). Mean operative time and intraoperative blood loss were 

237.1±43.6 min (95% CI: 231.5–242.7) and 126.5±72.7 (95% CI: 117.1–

136.0) mL. In 188 of 237 cases, we performed intraoperative ultrasound 

(US) Dopplerography of the renal graft with measuring the resistance 

index (RI) of arterial blood flow, which median was 0.7 (IQR: 0.6–0.73). 

As an immunosuppressive therapy in the early postoperative period, a 



triple-component regimen was used in all cases, consisting of tacrolimus 

of extended release, mycophenolic acid derivatives, and 

methylprednisolone. Basiliximab was used for induction in all cases 

intraoperatively and on the 4th day. Methylprednisolone, 500 mg 

intravenously, was also administered intraoperatively, on the 3rd, and 5th 

days. The starting dose of tacrolimus that the patient took before surgery 

was determined at the rate of 0.2 mg/kg. The target concentration of 

tacrolimus in the early postoperative period was considered to be 8–

15 ng/mL. 
 

Methods and statistical analysis 

In 237 kidney transplant recipients, we evaluated the renal graft 

function in the early postoperative period. Delayed function was defined 

as the need for hemodialysis in the first week after surgery. Based on our 

own data, we performed a retrospective analysis of possible risk factors 

for the development of DKGF. The analysis of its risk factors and long-

term graft survival included all kidney transplant recipients, excluding the 

patients with developed primary graft non-function and severe surgical 

complications that required urgent graftectomy in the early postoperative 

period. 

We evaluated the following donor factors: the donor type, age, 

BMI, the presence of vasopressor support, the time of donor stay in the 

intensive care unit, and the maximum level of creatinine during the 

follow-up. Among the risk factors on the recipient's part we evaluated the 

age, gender, BMI, the presence/absence and amount of residual urine, the 

presence of pre-existing anti- HLA antibodies and/or repeated KT, the 

number of mismatches for six HLA antigens, the number of mismatches 

for HLA-DR, the presence of and type of RRT, the etiology of the end-

stage chronic renal failure. The assessed perioperative risk factors were 



the following: the duration of cold preservation, the time of second warm 

ischemia (SWI), the intraoperative blood loss volume, the RI of the 

arterial blood flow in the kidney graft determined at the surgery 

completion, and the highest tacrolimus C0 in the first 4 days after KT 

(Table 1). At the final stage of the study, we assessed the relationship 

between the presence of DKGF and the development of early 

postoperative complications, and also analyzed the impact on the long-

term graft and recipient survival rates. 

Table 1. Potential risk factors and predictors of delayed kidney graft 

function  

Note: CKD, chronic kidney disease 

 

Statistical processing and data analysis were performed using the 

SPSS Statistics software for Microsoft Windows, version 26 (USA). At 

the first stage, a univariate analysis of possible risk factors for DKGF was 

performed. To compare two groups of quantitative data with a normal 

From the donor Perioperative From the recipient 

− Donor Type 
(Standard/Expanded  Criteria) 
− Age 
− BMI 
− Need for vasopressor 
support 
− Dose of norepinephrine 
over 1000 ng/kg/mL and/or 
connection of a second 
vasopressor 
− Time of stay in the 
intensive care unit 
− Maximum creatinine 
level 

− SWI time 
− Intraoperative 
blood loss volume 
− Intraoperative RI 
− Maximum 
tacrolimus C0 in the first 4 
days after KT 

− Age 
− Gender 
− BMI 
− Residual 
diuresis 
− Anuria 
− Sensitization to 
HLA antigens 
− Re-
transplantation 
− Number of 
mismatches for 6 HLA 
antigens 
− HLA - DR 
mismatches  
− Presence of RRT 
− Type of RRT 
− CKD Etiology  



distribution (depending on the equality of variances), either Student's t-

test or Welch's t-test was used. With a distribution that differed from 

normal, the Mann-Whitney U-test was used to compare two groups of 

quantitative data, and the Kruskal-Wallis test was used to compare three 

or more groups. Comparison of qualitative variables was made using 

Pearson's χ2-test or Fisher's exact test with the determination of the odds 

ratio (OR) and the correlation of the studied features. Differences were 

considered statistically significant at p <0.05, the trend towards statistical 

significance was defined as p<0.1. Dichotomization of statistically 

significant quantitative risk factors was performed with the determination 

of the cut-off point by using ROC-analysis, followed by the comparison 

of the obtained binary variables depending on the presence of DKGF. 

Statistically significant risk factors for DKGF were analyzed in a 

multivariate binary logistic regression model. Survival analysis was 

performed using the Kaplan-Meier method with the determination of 

statistically significant differences using the Mantel-Cox Longrank test. 

 

Results 

In 9 of 237 cases, the absence of transplanted kidney function was 

recorded: the presence of a primary graft non-function was diagnosed in 2 

cases (0.8%), vascular complications on the first day after surgery were 

seen in 7 cases (2.9%), and therefore the grafts were removed. The 

incidence of DKGF was 24.5% (58/237). In the course of a univariate 

analysis, we did not find a statistically significant association of DKGF 

with the donor type, age, the need for vasopressor support, the dosage of 

vasopressors (including at a dosage of norepinephrine more than 1000 

ng/kg/mL or the presence of a second vasopressor), the maximum level of 

creatinine and the time of donor's stay in the intensive care unit (p>0.05). 

With regard to the DKGF presence, the groups did not statistically 



significantly differ in recipient's age, the number of HLA-antigen 

mismatches (including HLA-DR), the presence and type of RRT, and the 

CKD etiology (p>0.05). At the same time, the recipient's renoprival state 

before KT, in contrast to other causes of CKD, was statistically 

significantly associated with DKGF (p=0.02). Among the perioperative 

factors, the intraoperative blood loss volume did not show a significant 

relationship to DKGF (p>0.05). 

On the contrary, according to the results of a univariate analysis, 

there was a statistically significant relationship to DKGF development 

from donor's BMI (p=0.019), recipient's male gender (p=0.048), recipient 

BMI (p=0.038), amount of residual urine (p=0.003), anuria (p=0.002), 

presence of pretransplant antibodies (p=0.025), retransplantation 

(p=0.002), second warm ischemia time (p=0.036), intraoperative arterial 

blood flow resistance index KT (p=0.004), and the peak tacrolimus 

concentration in the first 4 days (p=0.022). Dichotomization was 

performed for statistically significant quantitative factors. Thus, new 

variables were obtained: donor BMI > 30 kg/m2, oligoanuria (urine < 250 

ml/day), SWI time > 45 min, RI > 0.75. All these variables had also a 

statistically significant relationship to DKGF development (p <0.05), but 

of weak (V Cramer: 0.1-0.2) or moderate (V Cramer: 0.2-0.4) correlation. 

The results of univariate analysis are presented in Table 2. 

 

 

 

 

 

 

 



Table 2. Statistically significant risk factors for delayed kidney graft 

function development (univariate analysis) 

Risk factor 

DKGF incidence 

p-value OR; 95% CI V Cramer Presence of a 
factor 

Absence of a 
factor 

n % n % 

Donor risk factors 

Donor BMI>30 kg/m2 25/73 34.2 30/143 21.0 0.034 1.96; 1.05–3.68 0.144 

Recipient risk factors 

Sensitization 11/25 44 41/186 22 0.025 2.78; 1.17–6.58 0.165 

Recipient BMI>25 kg/m2 38/125 30.4 17/94 18.1 0.038 1.98; 1.03–3.79 0.141 

Male gender 42/139 30.2 16/87 18.4 0.048 0.52; 0.27–1.00 0.132 

Oligoanuria 28/73 38.4 30/153 19.6 0.003 2.56; 1.38–4.73 0.201 

Perioperative predictors and risk factors 

Operation time >245 min 29/84 34.5 29/140 20.7 0.022 2.02; 1.10-3.71 0.153 

SWI time >45 min 22/61 36.1 35/158 22.2 0.035 1.98; 1.04-3.77 0.142 

RI>0.75 17/35 48.6 26/144 18.1 <0.001 4.29; 1.95-9.42 0.283 

Maximum tacrolimus 
C0>23 ng/mL 33/93 35.5 25/123 20.3 0.013 2.16; 1.17-3.97 0.169 

Notes: 95% CI, 95% confidence interval; C0, zero concentration in the first 4 days 

 

According to the results of multivariate analysis, which included 

factors from Table 1, the donor's BMI >30 kg/m2 and the highest 

tacrolimus C0 in the first 4 days >23 ng/mL (p=0.018 and p=0.025, 

respectively) achieved statistical significance. A trend towards statistical 

significance was noted for the following factors: oligoanuria (p=0.066) 

and RI >0.75 (p=0.056). The results of multivariate analysis are presented 

in Fig. 2. 

 



 
Fig. 2. Multivariate analysis of risk factors for delayed kidney graft 

function 

 

When analyzing the impact of DKGF on the development of all 

complications in the early postoperative period, no statistically significant 

relationship was found, however, a trend towards statistical significance 

was observed in an increased incidence of infectious complications in the 

presence of DKGF (10/24; 58.8% vs. 7/36; 41.2 %, p=0.061). An 

increase in the rate of infectious complications in the early postoperative 

period was also associated with an increased tacrolimus concentration in 

the first 4 days, as an independent risk factor for DKGF in our patients 

(p=0.047). 

One-year kidney graft survival rates in the absence and presence of 

DK/RGF were 92.4% (95% CI: 88.0-96.8%), and 87.6% (95% CI: 80.8-

94.4%), those for two years made 84.1% (95% CI: 72.5–95.7%) and 

76.1% (95% CI: 61.4–91.1%), respectively (Fig. 3). The impact of DKGF 

on the graft survival was statistically significant (p=0.011). The causes of 

graft death in our recipients were: death of a recipient with a functioning 

graft in 17/36 (47.3%), infectious complications in the early postoperative 

period in 9/36 (25.0%), rejection in 7/36 (19.4%), and other causes in 

3/36 (8.3%). 



 
Fig. 3. Survival of grafts depending on  the presence of delayed 

kidney graft function. Kaplan-Meier curves 

 

One-year overall recipient survival rates in the absence and 

presence of DKGF were 94.2% (95% CI: 91.2-97.2%) and 87.7% (95% 

CI: 78.3-96.1%), those for two years were 89.3% (95% CI: 82.7–95.9%) 

and 83.5% (95% CI: 71.3–95.7%), respectively (Fig. 4). The impact of 

DKGF on the overall survival was not statistically significant (p=0.134). 

In the overall structure of mortality causes in kidney transplant recipients, 

the main ones were SARS-Cov-2-caused pneumonia in the first year and 

a half after KT in 9/22 (41%), infectious complications of another 

etiology and sepsis in 8/22 (36%), acute myocardial infarction in 2/22 

(9%), and others in 3/22 (14%). 



 
Fig. 4. Overall survival of recipients depending on the presence of 

delayed kidney graft function. Kaplan-Meier curves 

 

Discussion 

Reviewing the data from the world literature and our own 

experience, we can confidently say that the delayed function of the 

kidney graft is a common complication with an extremely diverse 

structure of risk factors for it. KT is the only chance for a patient with 

end-stage renal disease to return to a full life. At the present stage of 

medicine development, it has become possible to reduce the requirements 

for the candidate selection, which allows more patients to get on the 

waiting list. In this regard, the need for donor organs is steadily 

increasing every year throughout the world. Expanding the criteria for 

organ donation is a forced, but certainly justified step towards increasing 

the availability of transplant care. Unfortunately, the development of a 

DKGF is highly dependent on conditionally non-modifiable risk factors 

from both the donor and recipient. 



At the same time, the identification of potentially modifiable 

factors influencing the DKGF development is an important task for 

transplantologists around the world. However, it is extremely difficult to 

conduct studies aimed at finding the statistical significance of one or 

another risk factor for DKGF, given the polyetiological nature of this 

complication. Such work usually requires a large number of cases and the 

exclusion of the impact of other potentially confounding factors. 

Analyzing the results obtained by different authors, we noted differences 

in the identified significant risk factors for delayed graft function. Most 

likely, along with other limitations of single-center retrospective studies, 

this was due to differences between recipients, donors, treatment 

approaches, etc., which prompted us to look for potentially modifiable 

factors influencing the development of DKGF in our patients. 

Univariate analysis. In a univariate analysis, we identified 9 

factors that were statistically significantly related to the DKGF 

development. Notable is a low correlation determined independently for 

each factor by V-Cramer value. This probably means that such factors as 

prolonged time of second warm ischemia, total surgery duration, etc., are 

not decisive, but they can have a significant impact on the combination of 

factors that increase the risk of DKGF development. 

The second warm ischemia time of more than 45 minutes. Second 

warm ischemia is one of the most critical periods for a kidney graft. 

Many authors have noted a statistically significant relationship between 

the time of making vascular anastomoses and the subsequent 

development of DKGF. The determination of this factor as statistically 

significant in the group of our patients prompted us to improve preventive 

measures. Our center has developed a device that allowed us the most 

efficient cooling of the kidney graft from the moment of its immersion in 

the surgical wound to the moment of reperfusion. We shall evaluate the 



efficacy of the device in the prevention of DKGF in further clinical and 

experimental studies. 

 

Risk factors that did not reach statistical significance 

A number of factors that did not have a statistically significant 

relationship to the DKGF development of in our study, may also have an 

adverse effect on the graft function in the early postoperative period 

according to the data in world literature. Thus, and absent significant 

effect of intraoperative blood loss volume on the DKGF development, 

was associated, in our opinion, with its small mean volume (126.5±72.7 

(95% CI: 117.1–136.0) ml); and the lack of the impact of the donor and 

recipient HLA mismatches on the DKGF incidence was probably 

associated with hyperimmunosuppression occurred in 27% of our patients 

and a small number of cases. 

Multivariate analysis. In the multivariate model, two factors 

reached statistical significance: an increased donor BMI (over 30 kg/m2) 

(p=0.025) and the highest zero concentration of tacrolimus in the first 4 

days (more than 23 ng/mL) (p=0.017). Patients with oligoanuria (urine 

less than 250 ml/day) before transplantation were 2.3 times more likely to 

develop DKGF than candidates with preserved diuresis, but only with a 

trend towards statistical significance (p=0.066). A similar trend was 

demonstrated by an increase in the graft arterial blood flow resistance 

index of more than 0.75 after surgery (p=0.056). Is would not be entirely 

correct to refer the increased resistance index to risk factors for DKGF, it 

is rather a useful predictor of its development, sensitive and specific in 

determining the severity of ischemia-reperfusion preservation graft injury 

(IRI). At the same time, there are probably additional reasons that 

increase the IRI, which are currently unknown. 



Donor BMI over 30 kg/m2. A high donor BMI is an independent 

and, unfortunately, non-modifiable risk factor. The use of overweight 

donors is one of the options for expanding the criteria for donation, which 

makes it possible to obtain several times more organs for transplantation 

to needy patients. Meanwhile, the Implementation of perfusion 

technologies to replace static cold preservation to replace a static cold 

preservation for the kidneys from expanded criteria donors is likely to 

reduce the significance of the donor component in the DKGF 

development. 

The highest zero concentration of tacrolimus is more than 

23 ng/mL in the first 4 days. The identification of this risk factor for the 

DKGF development as an independent and modifiable one aroused the 

greatest interest among the co-authors of this study. The nephrotoxicity of 

calcineurin inhibitors is a well-known effect of this group of drugs, but 

only a few authors indicate its significance in the etiological structure of 

DKGF [28, 29]. Minimization of immunosuppressive therapy in order to 

reduce its side effects is a current global trend. For example, the London 

Health Science Center protocol for immunosuppression in the early 

postoperative period after KT from a standard criteria donor 

(https://www.lhsc.on.ca/media/9684/download) recommends a three-

component regimen with a starting dose of extended-release tacrolimus 

0.15 mg/kg. According to London authors, the target concentration of 

tacrolimus in the first 3 months should be 6.5±0.5 ng/mL for patients with 

a low immunological risk and 7.0±0.5 ng/mL for patients with a high one. 

For comparison, the tacrolimus concentration in the three –component 

regimen with mycophenolates and steroids, according to the National 

Clinical Guidelines for Kidney Transplantation (2020), should be in the 

range of 8-15 ng/mL within 1 month after surgery and 8-12 ng/mL in the 

following 2-3 months. The starting dose of tacrolimus on the first day 



after surgery is recommended in the range of 0.1–0.2 mg/kg in two doses 

(depending on the initial graft function). This is probably due to the 

increased alertness of the nephrotransplantation community to the 

development of rejection. Unfortunately, some immunosuppressive drugs 

for the prevention and treatment of acute rejection are either not 

registered or have limited availability and high cost, and therefore 

minimizing immunosuppression may be associated with an unacceptable 

risk of a steroid-resistant rejection and graft loss. At the same time, when 

working according to the protocol existing in the clinic, we saw that more 

than half of our patients had a tacrolimus concentration of more than 

20 ng/mL in the first days after surgery and, accordingly, higher risks of 

its toxic effect. 

In the course of an additional analysis of the impact of an increased 

tacrolimus concentration on the development of other early postoperative 

complications, in addition to DKGF, we revealed its statistically 

significant relationship with an increase in the incidence of infectious 

complications. This clearly confirmed the need to revise the traditional 

protocol and improve the approach to prescribing tacrolimus with 

lowering the starting dose. 

Our study once again confirmed a high prevalence of the delayed 

graft function (24.5%) of a kidney from a post-mortem donor and its 

adverse effect on long-term graft survival. In a univariate analysis, we 

identified 9 statistically significant factors, at least 3 of which were 

potentially modifiable. In the multivariate model, an elevated tacrolimus 

concentration was the most significant modifiable risk factor, which 

prompted the authors to reconsider the existing immunosuppressive 

protocol at the center. 

Thus, given the large number of risk factors for DKGF 

development differently manifested depending on the country, region, the 



level of donation development, and the experience of transplant experts, 

we consider it an important task for each kidney transplant center to 

search for modifiable statistically significant risk factors for their patients, 

their analysis and implementation of preventive measures. 

Limitations. The main limitations of our study, first of all, include 

its retrospective nature, the use of data from a single center, a small 

number of patients, and short follow-up periods. Also, some known risk 

factors for DKGF have not been analyzed yet in our work. The 

categorization of quantitative variables for which a statistically significant 

relationship with a grouping trait was found, which was used in our work, 

unfortunately leads to a decrease in the prognostic significance of the 

factor. However, its implementation allowed us to calculate the OR and 

more clearly demonstrate our results. 

 

Conclusions 

1. The incidence of delayed kidney graft function in kidney 

transplantation from a post-mortem donor reaches 24.5%, and its increase 

is statistically significantly associated with an increased body weight of 

the donor and/or recipient, male gender, oligoanuria, and the presence of 

pre-transplant anti-HLA antibodies in the recipient, and also a number of 

perioperative parameters, including prolonged time of the operation and 

second warm ischemia, increased arterial blood flow resistance index in 

the graft when measured intraoperatively, and acute nephrotoxicity of 

calcineurin inhibitors.  

2. The presence of delayed kidney graft function in our patients 

was statistically significantly associated with the development of severe 

postoperative complications and a decrease in long-term survival of 

kidney grafts (p<0.05), which dictates the need to develop and implement 

additional measures to prevent its modifiable risk factors. 
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