
O R I G I N A L  R E S E A R C H

Development and Validation of Nomogram for 
Predicting Delayed Graft Function After Kidney 
Transplantation of Deceased Donor

Jiashan Pan 
Guiyi Liao

Department of Urology, The First 
Affiliated Hospital of Anhui Medical 
University and Institute of Urology and 
Anhui Province Key Laboratory of 
Genitourinary Diseases, Anhui Medical 
University, Hefei, Anhui, 230022, People’s 
Republic of China 

Background: Delayed graft function (DGF) is a major complication of kidney transplanta
tion (KT), especially in patients receiving donor of decease (DD) KT. Therefore, the kidney 
donor pool is rare worldwide, it is critical to evaluate the risk coefficient of DGF using 
preoperative data of donors and recipients and provide a reference for clinical decision- 
making and resource allocation.
Method and Analysis: A total of 238 DD recipients were performed in our center. Finally, 
211 patients were included. The clinical database was divided into 34 clinical blood 
indicators (CBIs) and 6 demographics indexes (DIs). CBIs and DIs were screened for 
variables with P<0.05 and demonstrated the best cut-off value using multivariable logistics 
regression. The selected CBIs were passed through the least absolute shrinkage and selection 
operator (LASSO) to obtain the predictive factors and synthesized into a Riskscore, forming 
a nomogram with the selected DIs. We used receiver operating characteristic (ROC), 
calibration, and decision curve analysis (DCA) to verify the discrimination and clinical 
effects of this nomogram. Finally, 10-fold cross-validation was conducted internally to 
show the effect of the model.
Results: The 34 CBIs of the database finally screened out 12 predictors, which were 
synthesized into Riskscore. The 6 DIs selected 3 variables. Riskscore and 3 DIswere 
constructed into a nomogram, and the ROC of the nomogram has an AUC value of 0.725. 
Calibration and DCA showed excellent verification effects on the nomogram. The 10-fold 
crossover internal validation also demonstrated the model’s excellent discrepancy.
Conclusion: The nomogram has an excellent ability to predict DGF and provides an 
essential reference for decision-making and resource allocation in a clinical setting.
Keywords: kidney transplantation, donor of decease, delayed graft function, clinical blood 
indicators, demographics indexes, nomogram

Introduction
End-stage renal disease (ESRD) is the terminal stage of irreversible decline in renal 
function caused by various kidney diseases. Patients can only rely on alternative 
treatments (including kidney transplantation, hemodialysis, and peritoneal dialysis) 
to maintain a normal life.1 With the rapid development of organ transplantation in 
China, an increasing number of patients ESRD patients are undergoing kidney 
transplantation (KT). However, this has also increased surgeon concerns about the 
quality and function of a transplanted kidney. It is worth noting that delayed graft 
function (DGF) manifests acute kidney injury in transplanted kidneys and a unique 
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attribute of transplanted organs. DGF can cause oliguria 
and anuria in the early postoperative period, resulting in 
increased allograft immunogenicity, increased risk of acute 
rejection, and reduced long-term survival.2 The kidney 
donor pool is still extremely rare worldwide. Avoiding 
DGF has become a hot topic in the allograft field.

Donor renal comes from a donor of decease (DD) 
(including donation after cardiac death and donation after 
brain death) or Living Donation (LD). Studies have shown 
that the incidence of DGF in DD is much higher than in 
LD, ranging from 20% to 50%,3 and in LD from 4% to 
10%.4 Therefore, evaluating the risk factors of DGF from 
DD is an important research topic. However, many risk 
factors are leading to the occurrence of DGF in the reci
pient. Among the currently recognized pathological and 
epidemiological factors, the donor, transport and recipient 
are involved in the occurrence of DGF. On the donor side, 
crucial independent risk factors, including ischemia injury 
(including warm ischemia time (WIT),5 cold ischemia 
time (CIT),6 and inflammatory signaling are involved. In 
terms of receptors, recipient age (R-age), refusion injury, 
body mass index (R-BMI), the innate immune response 
and the adaptive immune response are all involved.7 

Besides, the CBIs between the donor and the recipient, 
such as blood routine, liver function, renal function, antic
oagulant and other indicators are also related to DGF. 
However, no study has reported detailed research and 
analysis on this aspect. Therefore, guiding preoperative 
clinical dataset of donors and recipients by DGF, compre
hensively analyzed and quantified, and presented in 
a concise and clear form will significantly increase the 
value of the database, and assist surgeons in organ alloca
tion and clinical decision-making. In this study, we aim to 
make a nomogram for predicting postoperative DGF based 
on the preoperative demographics indexes (DIs) and the 
clinical blood indicators (CBIs) (including donor and reci
pient) of DD. Our purpose is to help clinicians induce 
defense and treatment according to the patient’s DGF 
risk level.

Materials and Methods
Study Population and the Definition of 
DGF
We collected data of recipients and their donors who 
received DD for the first time from January 1, 2017 to 
December 31, 2019 in the Urology Kidney Transplant 
Ward of the First Affiliated Hospital of Anhui Medical 

University. A database of 382 cases composed of a data set 
of 150 donors and a data set of 238 recipients (because the 
blood marks and general epidemiological index of the 
donor are tested, the data of the twain kidneys donated 
by some donors are duplicated). The current study was 
approved by the Ethics Committee of the First Affiliated 
Hospital of Anhui Medical University. Ultimately, 211 
cases had complete data from the recipients (added 133 
cases of the matched donors). The database was collected 
from China Organ Transplantation Response System 2.0 
and the patient inpatient system of this hospital.

There are many definitions of DGF, but the widely 
accepted is that the recipient still needs 1 dialysis within 
one week after KT.4

Data Collection and Requirements
The selected DIs include R-age, R-BMI, donor age (D-age), 
body mass index (D-BMI), WIT, and CIT. CBIs include 
receptor serum creatinine (R-creatinine), uric acid (R-UA), 
R-urea, R-ALT, R-AST, total bilirubin (R-TB), R-total protein, 
R-albumin, R-globulin, blood glucose (R-GLU), R-K+, 
R-Na+, R-HCO3

−,R-Cl−; WBC count (R-WBC), neutrophil 
count (R-NEUT), neutrophil percent (R-NEUT-P), lympho
cyte count (R-LYMP), monocytes count (R-MONO), eosino
phils count (R-EO), red blood cell count (R-RBC), 
hemoglobin count (R-Hb), platelet count (R-PLT); prothrom
bin time (R-PT), activated partial prothrombin time 
(R-APTT), coagulation time (R-TT), international standard 
ratio (R-INR), and fibrinogen (R-FIB). Matching donor 
blood indicators included glomerular filtration rate (D-GFR), 
serum creatinine level (D-creatinine), D-urea, D-albumin, 
D-K+, and D-Na+. A total of 6 DIs and 34 CBIs were used 
to construct the prediction model. All donor information was 
collected before hospital death, and recipient messages were 
collected seven days before allograft.

Rejection criteria: 1. Missing any of the above indica
tors; 2. Recipients who have received 2 or more 
transplants.

Observation endpoint: 1. The follow-up time is until 
June 30, 2021; 2. During the follow-up period, the loss of 
the allograft or death of the recipient is the observation 
endpoint.

Immunosuppressant Regimen
During surgery and on the first and second days after 
surgery, 500mg of methylprednisolone (bodyweight 
above 50 kg) or 250 mg of methylprednisolone (body
weight below 50 kg) were administered as shock therapy, 
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120 mg on the 3rd day after surgery, 80 mg on the 4th day, 
and 40 mg on the 5th day. On the 6th day, prednisone 
acetate tablet (Pred) 10 mg (orally, once a day) was chan
ged. Induction with anti-thymocyte globulin or basilixi
mab for injection is not routine. Oral administration of 
Mycophenolate mofetil capsule (MMF) was immediately 
started after the operation, and tacrolimus capsule (FK506) 
was routinely added on the second day after the operation. 
The three-way anti-rejection regimen during the mainte
nance period was MMF+FK506+PRED. The use of MMF 
was adjusted according to the AUC of MPA, so that the 
AUC of MPA was maintained at 30–60 mg·h/L. Adjust the 
FK506 according to the trough concentration of tacroli
mus, the treatment window of FK506 was 10–15 ng/mL 1 
month after surgery, 9–12 ng/mL 2~3 months after sur
gery, 7–10 ng/mL 4~6 months after surgery, and 4–8 ng/ 
mL after 6 months of surgery.

Statistical Analysis
Statistical data analysis was performed using the 
R software (Version 4.0.5; https://www.R-project.org), 
and P values less than 0.05 were considered statistically 
significant. GraphPad 8.0 was used to plot graft survival of 
two groups with and without DGF.

The collected database is all continuous variables to 
utilize the role of continuous data in model building and 
find the best cut-off value of variables in the R code, we 
used multivariable logistics regression to convert 34 blood 
indicators into dichotomous variables. We screened the 
variables with P<0.05. Then, the least absolute shrinkage 
and selection operator (LASSO) was used to filter for the 
above qualifying binary variables and decrease the dimen
sionality of the prediction model so that it could be 
expressed simply and clearly.8,9 The non-zero coefficients 
of the predictors and the odds ratio (OR) data, such as the 
95% confidence interval, are produced following the 
model construction with the LASSO technique. The non- 
zero scores were used to aggregate the LASSO-selected 
predictors into a Riskscore. Likewise, using multivariable 
logistic regression, six types of demographic characteris
tics screened out predictive factors of P<0.05, and together 
they produced an in-hospital DGF-prediction model, 
which was illustrated using a nomogram.

The coefficients of the predictors were used to create 
receiver operating characteristic (ROC) curves and get 
values of the area under the curve (AUC) with a 95% 
confidence interval after establishing the nomogram. The 
AUC was used to evaluate the model’s discrimination 

under the ROC curve, whereas the calibration plot was 
utilized to examine the nomogram’s calibration graphically 
in both the training and validation cohorts. To test the 
prediction model standardization, calibration curves were 
plotted. The model was not perfectly calibrated, according 
to a significance test. Whereas standard diagnostic indica
tors only indicate the diagnostic accuracy of a prediction 
model and not its clinical applications, decision curve 
analysis (DCA) considers patient characteristics.10 

Furthermore, by measuring the net benefit at various prob
ability thresholds, this sort of research verifies the clinical 
validity of a prediction model. The net benefit was com
puted by subtracting the proportion of false-positive reci
pients from true-positive recipients and balancing the 
proportional damage of foregoing the treatment with the 
adverse effects of an unwanted treatment.11 In the last 
phase, the 211 recipients’ dataset (with the 133 donors’ 
dataset) was evenly and randomly divided into two groups: 
Training and Validation. This operation was carried out 
a total of ten times (the performance of the model was also 
augmented with 10-fold cross-validation in the cohort). 
Consequently, we tested the internal dataset 10 times, 
and the two subgroups provided a collection of AUC 
values, false-positive rates, and true-positive rates for 
each division. Figure 1 depicts the whole workflow.

Result
Table 1 shows the collected DIs and CBIs. The cut-off 
value, P-value, and AUC value of each variable were 
based on the results from the best separation (Table 1). 
The donor database was based on 211 cases of matched 
recipient data. A total of 211 recipients (133 donors) were 
selected out of 238 cases for the study, 29 cases developed 
DGF, and the incidence rate was (29/211) 13.7%. Among 
the donors, the male to female ratio was 107:26, and the 
mean age was 45.1±16.3 years. Among the recipients, the 
male to female ratio was 145:66, and the mean age was 
39.9±9.9 years. The results of the pre-transplant Panel 
reactive antibody are all negative This database converts 
blood indicators into dichotomous variables through multi
variable logistics regression and obtains the following 
dichotomous variables through P<0.05: R-K+, R-Na+, R- 
HCO3

−, R-LYMP, R-EO, R-INR, R-FIB, R-TT, D-GFR, 
D-creatinine, D-urea, D-albumin, D-Na+. There are 13 
predictors in total. LASSO’s algorithm obtained 12 pre
dictors for the above 13 dichotomous variables (R-INR 
was removed) (Figure 2A and B), and the non-zero coeffi
cient, OR value and 95% confidence interval of the 
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predictor were obtained, as shown in Table 2. Moreover, 
these 12 predictors are formed into a Riskscore. In addi
tion, the three predictive factors of R-age, R-BMI, and 
WIT selected by the 6 independent risk factors of DIs 
are combined to construct a nomogram to visualize the 
predictive model, as shown in Figure 3 (Three predictive 
factors of demographic characteristics were screened mul
tivariable Logistic regression, and obtained three corre
sponding coefficients. On the other hand, the 12 clinical 
blood indicators screened by LASSO also generated cor
responding coefficients used to synthesize a Riskscore. 
Our nomogram is constructed using the above three demo
graphic coefficients and Riskscore). The nomogram illus
trates that A recipient with Riskscore of 7.9, R-age of 47 

years, R-BMI of 25.5, and WIT of 20 minutes, suffered the 
probability of postoperative DGF is 0.65. ROC exhibits an 
excellent predictive ability of the nomogram for DGF, and 
the AUC value under ROC is 0.725, as shown in 
Figure 4A. Calibration also verifies the model, as shown 
in Figure 4B. The DCA shows that when the probability of 
predicting DGF is between 0.1 and 0.9, the clinical effect 
of an intervention on the patient is the best, as shown in 
Figure 4C, verifying excellent clinical effect of the model. 
To further evaluate the universality of model performance, 
we performed 10-fold cross-validation on the model in 
training cohort. We obtained an AUC value and 95% 
confidence interval, which also achieved good prediction 
results, as shown in Table 3.

Figure 1 The flowchart of the predictive model of DGF.
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Table 1 Demographics and Clinical Characteristics of the DGF and Non-DGF Groups

Characteristics No DGF DGF Total P-value AUC

n=182 n=29 n=211

Recipient biochemical indexes

R-creatinine(umol/L) 0.115 0.539
>1060 57(27.0%) 12(5.7%) 69(32.7%)
≤1060 125(59.2%) 17(8.1%) 142(67.3%)

R-urea(umol/L) 0.099 0.538
>26.04 44(20.9%) 3(1.4%) 47(22.3%)

≤26.04 138(65.4%) 26(12.3%) 164(77.7%)

R-UA(umol/L) 0.411 0.502
>457 50(23.7%) 6(2.8%) 56(26.5%)
≤457 132(62.6%) 23(10.9%) 155(73.5%)

R-ALT(U/L) 0.263 0.507
>24 95(45.0%) 13(6.2%) 108(51.2%)

≤24 87(41.2%) 16(7.6%) 103(48.8%)

R-AST(U/L) 0.056 0.543
>11 155(73.5%) 22(10.4%) 177(83.9%)
≤11 27(12.8%) 7(3.3%) 34(16.1%)

R-TB(umol/L) 0.445 0.502
>11.6 62(29.4%) 11(5.2%) 73(34.6%)

≤11.6 120(56.9%) 18(8.5%) 138(65.4%)

R-total protein(g/L) 0.196 0.532
>75.1 83(39.3%) 16(7.6%) 99(46.9%)
≤75.1 99(46.9%) 13(6.2%) 112(53.1%)

R-albumin(g/L) 0.053 0.503
>40.6 138(65.4%) 26(12.3%) 164(77.7%)

≤40.6 44(20.9%) 3(1.4%) 47(22.3%)

R-globulin(g/L) 0.097 0.576
>26.6 114(54.0%) 21(10.0%) 135(64.0%)
≤26.6 68(32.2%) 8(3.8%) 76(36.0%)

R-K (mmol/L) 0.018 0.521
>5.65 24(11.4%) 8(3.8%) 32(15.2%)

≤5.65 158(74.9%) 21(10.0%) 179(84.8%)

R-Na (mmol/L) 0.005 0.663
>141.2 54(25.6%) 15(7.1%) 69(32.7%)

≤141.2 128(60.7%) 14(6.6%) 142(62.3%)

R-Cl (mmol/L) 0.99 0.557
>93.9 157(74.4%) 28(13.3%) 185(87.7%)

≤93.9 25(11.8%) 1(0.5%) 26(12.3%)

R-HCO3 (mmol/L) 0.046 0.573
>20.6 115(54.5%) 23(10.9%) 138(65.4%)

≤20.6 67(31.8%) 6(2.8%) 73(34.6%)

(Continued)
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Table 1 (Continued). 

Characteristics No DGF DGF Total P-value AUC

n=182 n=29 n=211

R-GLU (mmol/L) 0.319 0.502
>4.98 121(57.3%) 21(10.0%) 142(67.3%)

≤4.98 61(28.9%) 8(3.8%) 69(32.7%)

Recipient blood routine indexes

R-WBC(*10^9) 0.102 0.501
>11.03 36(17.1%) 2(1.0%) 38(18.0%)

≤11.03 146(69.2%) 27(12.8%) 173(82.0%)

R-NEUT_P(%) 0.051 0.582
>77.34 65(30.8%) 5(2.4%) 70(33.2%)

≤77.34 117(55.5%) 24(11.4%) 141(66.8%)

R-NEUT(*10^9) 0.077 0.522
>8.67 39(18.5%) 2(1.0%) 41(19.4%)
≤8.67 143(67.8%) 27(12.8%) 170(80.6%)

R_LYMPH(*10^9) 0.007 0.611
>1.5 46(21.8%) 14(6.6%) 60(28.4%)

≤1.5 136(64.5%) 15(7.1%) 151(71.6%)

R-MONO(*10^9) 0.062 0.585
>0.43 48(22.7%) 10(4.7%) 58(27.5%)
≤0.43 134(63.5%) 19(9.0%) 153(72.5%)

R-EO(*10^9) 0.014 0.622
>0.07 112(53.1%) 25(11.8%) 137(64.9%)

≤0.07 70(33.2%) 4(1.9%) 74(35.1%)

R-RBC(*10^9) 0.102 0.537
>3.66 102(48.3%) 20(9.5%) 122(57.8%)
≤3.66 80(37.9%) 9(0.43%) 89(42.2%)

R_HB(g/L) 0.129 0.567
>110 106(50.2%) 21(10.0%) 127(60.2%)

≤110 76(36.0%) 8(3.8%) 84(39.8%)

R-PLT(*10^9) 0.177 0.538
>183 81(38.4%) 16(7.6%) 97(46.0%)
≤183 101(47.9%) 13(6.2%) 114(68.2%)

Recipient coagulation indexes

R-PT (s) 0.057 0.572
>13.5 62(29.4%) 6(2.8%) 68(32.2%)

≤13.5 120(56.9%) 23(10.9%) 143(67.8%)

R-APTT (s) 0.065 0.527

>35.5 134(63.5%) 17(8.1%) 151(71.6%)

≤35.5 48(22.7%) 12(5.7%) 60(28.4%)

R-INR 0.008 0.631
>1.01 95(45.0%) 10(4.7%) 105(49.8%)
≤1.01 87(41.2%) 19(9.0%) 106(50.2%)

(Continued)
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Table 1 (Continued). 

Characteristics No DGF DGF Total P-value AUC

n=182 n=29 n=211

R-FIB(g/L) 0.027 0.586
>3.46 131(62.1%) 26(12.3%) 157(74.4%)

≤3.46 51(24.2%) 3(1.4%) 54(25.6%)

R-TT (s) 0.006 0.612
>17.2 49(23.2%) 15(7.1%) 64(30.3%)
≤17.2 133(63.0%) 14(6.6%) 147(69.7%)

Donor biochemical indexes

D-eGFR(mL/min*1.73mm-1) 0.011 0.638
>102 45(21.3%) 13(6.2%) 58(27.5%)

≤102 137(64.9%) 16(7.6%) 153(72.5%)

D-Na(mmol/L) 0.021 0.603
>141 105(49.8%) 23(10.9%) 128(60.7%)
≤141 77(36.5%) 6(2.8%) 83(39.3%)

D-K(mmol/L) 0.05 0.566
>4.4 97(46.0%) 10(4.7%) 107(50.7%)

≤4.4 85(40.3%) 19(9.0%) 104(49.3%)

D-creatinine(umol/L) 0.007 0.675
>73 105(49.8%) 24(11.4%) 129(61.1%)
≤73 77(36.5%) 5(2.4%) 82(38.9%)

D-urea(umol/L) 0.002 0.627
>6.2 74(35.1%) 21(10.0%) 95(45.0%)

≤6.2 108(51.2%) 8(3.8%) 116(55.0%)

D-albumin(umol/L) 0.014 0.555
>40.5 27(12.8%) 10(4.7%) 37(17.5%)
≤40.5 155(73.5%) 19(9.0%) 174(82.5%)

Basic demographic features

D-age/y 0.066 0.618
>51 81(38.4%) 8(3.8%) 89(42.2%)

≤51 101(47.9%) 21(10.0%) 122(57.8%)

D-BMI(kg/m2) 0.066 0.514
>20.8 148(70.1%) 20(9.5%) 168(79.6%)

≤20.8 34(16.1%) 9(4.3%) 43(20.4%)

WIT/min 0.045 0.65
>15 7(3.3%) 6(2.8%) 13(6.2%)

≤15 175(82.9%) 23(10.9%) 198(93.8%)

CIT/h 0.989 0.504
>6 129(61.1%) 22(10.4%) 151(71.6%)

≤6 53(25.1%) 7(3.3%) 60(28.4%)

R-age/y 0.007 0.625
>43 70(33.2%) 16(7.6%) 86(40.8%)

≤43 112(53.1%) 13(6.2%) 125(59.2%)

(Continued)
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The average follow-up time of the above 211 recipients 
was 31 months, and interquartile range (25,39) months. We 
found 4 patients with graft loss in the DGF group and 7 
patients with non-DGF, a total of 11 cases. Statistical ana
lysis showed that the Log-rank (Mantel-Cox) test P=0.0234, 
Hazard Ratio (log-rank)=DGF/non-DGF=3.736. The drawn 
K-M curve is shown in Figure 5.

Discussion
With the development of DD KT, an increasing number of 
ESRD patients get the opportunity of KT; however, the 
incidence of postoperative complications also increases 
parallel. DGF is one of the typical and essential complica
tions. The occurrence of DGF can lead to postoperative 
oliguria and anuria, which increases the risk of postopera
tive renal transplant rejection, affects the short- and long- 
term outcome and increases the medical expenses of 

treatment. In the medical community, risk assessment is 
also increasingly used as a tool to update clinical protocol 
decisions and resource allocation. Therefore, using the 
preoperative data of our center to conduct the risk assess
ment of DGF for patients is beneficial to clinicians to 
match the best donor and recipient. It is also helpful to 
conduct induction therapy in advance for patients who 
have completed the operation to reduce the risk of DGF 
and improve the survival rate of the recipient.

In this study, 34 CBIs were placed in the multivariable 
logistics regression and Lasso algorithm to obtain 12 pre
dictors, constituting a Riskscore. The Riskscore and 3 DIs 
(R-age, R-BMI and WIT) jointly form a nomogram. The 
obtained ROC effect is good, and the AUC value is 0.725. 
Calibration and DCA also showed excellent discrimina
tion. 10-fold cross-internal validation also demonstrated 
the accuracy and reliability of the model.

Table 1 (Continued). 

Characteristics No DGF DGF Total P-value AUC

n=182 n=29 n=211

R-BMI(kg/m2) 0.005 0.645
>22.4 84(39.8%) 22(10.4%) 106(50.2%)

≤22.4 98(46.4%) 7(3.3%) 105(49.8%)

Abbreviations: R-,recipient; D-,donor; UA, uric acid; ALT, alanine aminotransferase; AST, aspartate transaminase; TB, total bilirubin; GLU, glucose; WBC, white blood cell; 
NEUT, neutrophils; LYMPH, lymphocytes; MONO, monocytes; EO, eosinophilic; PLT, blood platelet; WIT, warm ischemia time; CIT, cold ischemia time; s, second.
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Figure 2 Demographics and clinical features selection using the LASSO binary regression model. 
Notes: (A) In the LASSO model, the best lambda parameter is selected using 5-fold cross-validation and minimal criteria. The curve of the partial likelihood deviance 
(binomial deviance) was plotted versus the logarithm of the lambda parameter. Dotted vertical lines were drawn at the optimal values using the minimum criteria and the I SE 
of the minimum criteria (I-SE criteria). (B) For 13 characteristics, LASSO coefficient profiles were created. Each coefficient profile was displayed against the lambda 
parameter’s logarithm. The vertical line was generated using 5-fold cross-validation at the selected value, where the best lambda value was generated in 12 features with 
nonzero coefficients.
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In our perspective and observational model, 12 blood 
indicators were included; however, these indicators are 
widespread and must be checked before allograft, which 
is easy for clinicians to obtain. Secondly, these indicators 

include D-creatinine, D-GFR, and D-urea, which reflect 
the renal function of the donor,12 and indicators that reflect 
the important coagulation function of the receptor, includ
ing R-FIB and R-TT. There are R-K+, R-Na+, R-HCO3

−, 

Figure 3 Developed nomogram of DGF. 
Notes: The nomogram of DGF was developed in the cohort using WIT, R-age, R-BMI, and Riskscore. The Riskscore includes 12 CBIs, namely R-K+, R-Na+, R-HCO3

−, 
R-LYMP, R-EO, R-FIB, R-TT, D-GFR, D-creatinine, D-urea, D-albumin, and D-Na+.

Table 2 Morbidity of DGF Prediction Factors After Renal Transplantation from DD Donors

Variable β P-value Odd Ratio (95% CI)

R_K+ −8.197287352 0.018 2.962 (1.209–7.259)
R_Na+ 1.366573393 0.005 3.187 (1.428–7.117)

R_HCO3 1.229036875 0.046 2.797 (1.019–7.674)

R_LYMPH 1.218147786 0.007 2.991 (1.345–6.653)
R_EO 1.573498775 0.014 4.701 (1.370–16.131)

R_FIB −0.320676197 0.027 5.256 (1.206–22.899)

R_TT 1.963596671 0.006 3.077 (1.383–6.844)
D_eGFR 1.173877416 0.011 2.841 (1.274–6.339)

D_Na 0.891006914 0.021 3.641 (1.215–10.913)
D_creatinine 0.334087898 0.007 4.481 (1.498–13.405)

D_urea 1.557425304 0.002 4.286 (1.743–10.540)

D_albumin 0.352185581 0.014 2.865 (1.235–6.646)

Note: β is the regression coefficient. 
Abbreviation: CI, confidence interval.
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Figure 4 Assessment of the clinical effectiveness of the proposed model. 
Notes: (A) The post-KT morbidity risk prediction nomogram’s receiver operating characteristic (ROC) curves. The x-axis and y-axis reflect the post-KT morbidity prediction’s false- 
positive and true-positive rates, respectively. The AUC (area under the receiver operating characteristic curve) is 0.725. (B) The research cohort’s calibration curves for the nomogram 
of post-KT morbidity risk prediction. The post-KT DGF forecasts are on the x-axis, while the actual DGF is on the y-axis. An ideal model’s flawless prediction results match the diagonal 
dotted line. The nomogram performance is represented by the solid line, with a closer match to the diagonal dotted line indicating better prediction. (C) For post-KT DGF, decision 
curve analysis (DCA) was used. The net benefit is represented on the y-axis. The post-KT DGF risk nomogram is represented by the red line. The thin solid line denotes the assumption 
that all kidney receivers would survive following transplantation, whereas the thick solid line denotes the assumption that all kidney recipients will suffer DGF after transplantation. The 
decision curve shows that the threshold probabilities of a patient and a doctor are (>0.1) and (<0.9), respectively. The current study found that using the morbidity risk nomogram for 
post-KT morbidity risk prediction is more helpful than using the intervention-for-all-recipients or no-intervention schemes.
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R-LYMPH, R-EO and other indicators that reflect the 
homeostasis and resistance of the patient’s body. 
Therefore, blood markers are involved in the risk assess
ment of DGF in the model.

During constructing the prediction model, it is note
worthy that the effect of CIT on DGF is not significant, 
which is contrary to some previous studies.13,14 With the 
progress of medicine and in-depth research on DGF in 
recent years, some researchers found that the effect of 
CIT on DGF is gradually decreasing. For example, Lobb 
and Colleagues reported that15 compared with the control 
group, the survival rate of allograft animal models treated 
with hydrogen sulfide during cold storage was signifi
cantly improved (P<0.01). In an analysis of a large clinical 
database, Chapal et al16 also found that recipients using 
immunosuppressants after KT can also regardless of the 
impact of CIT. Helanterä et al17 reported that the risk of 
CIT to DGF was not significant while analyzing the data 
of 90,810 recipients who received DD in the United States 

from 2010 to September 2018. LifePort cryogenic machine 
perfusion18 and other advances in preserving the donor 
kidney during the transport stage have significantly 
reduced the impact of CIT on renal ischemia-reperfusion 
injury. Therefore, the above-mentioned series of experi
ments and clinical cohort analysis demonstrate the insig
nificance of the CIT of the center for predicting the effect 
of DGF. In addition, using the original database, we found 
that the gender ratio of donors and recipients is highly 
unbalanced. This is related to the province’s social ideol
ogy, family income, and insufficient hospital publicity 
coverage. This imbalance will lead to significant errors in 
the model. To increase the universality of the model, 
gender factor was not included in this study.

The nomogram shows that WIT has a significant 
impact on graft renal. WIT is a period of time from stop
ping the donor’s blood supply to the beginning of cold 
perfusion. From the perspective of pathology, kidney cells 
are still undergoing metabolism in the absence of blood 
supply. Meanwhile, due to the lack of oxygen and various 
metabolic substrates, the metabolic level of organs is still 
high, so ischemic organ damage appears faster and more 
severe. Moreover, anaerobic metabolism can still be con
ducted after oxygen consumption; however, the metabo
lites cannot be eliminated, cause acidosis, and consume 
nutrients and enzyme systems necessary for metabolism.19 

Therefore, the above-mentioned chain reactions cause kid
ney damage, which is directly proportional to time. This is 
also an important topic for transplant-related researchers.

The influence of R-age and R-BMI on the occurrence 
of DGF has been reported in many studies, and the opi
nions tend to be unified. As R-age increases, the risk of 

Table 3 Evaluation Results for the Proposed Model Among 10 Randomly Selected Independent Subgroups

Test Training Group Validation Group

AUC False Positive Rate True Positive Rate AUC False Positive Rate True Positive Rate

1 0.723 0.872 0.538 0.716 0.966 0.500

2 0.791 0.926 0.615 0.754 0.841 0.625
3 0.704 0.696 0.667 0.735 0.989 0.500

4 0.764 0.904 0.692 0.724 0.909 0.500

5 0.715 0.895 0.500 0.787 0.966 0.529
6 0.687 0.967 0.500 0.817 0.923 0.615

7 0.749 0.978 0.600 0.735 0.867 0.500

8 0.753 0.926 0.583 0.704 0.943 0.529
9 0.709 0.883 0.615 0.738 0.966 0.438

10 0.804 0.649 0.846 0.747 0.943 0.500

Average(medium+95% CI) 0.740 0.870 0.616 0.746 0.931 0.524
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Figure 5 Kaplan-Meier plot of graft survival for DGF.
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triggering postoperative DGF is higher.20,21 The risk of 
DGF is also proportional to R-BMI. Hill et al22 reported 
that obese patients (BMI≥30kg/m2) are more likely to 
suffer from DGF than normal patients (18.5kg/m2
≤BMI≤24.9 kg/m2).

Compared with other related predictive DGF models, 
the nomogram obtained in this study strives to pursue 
a concise and refined visualization model based on 
a comprehensive analysis of preoperative clinical indica
tors. The earliest widely recognized DGF prediction model 
was reported by Irish et al The nomogram included 18 
parameters. However, it was limited to the non-blood 
index data of the donor and recipient, and the nomogram 
was more complicated.23 Chapal et al selected many sam
ples to make prediction models and used mathematical 
formulas to evaluate DGF. However, they did not use 
a specific and intuitive form to show the final result, 
which was difficult to understand.16 Zaza et al lack 
a verification link in the model.12 Unlike the database 
built by the above-mentioned researchers, this study not 
only contains basic clinical information of donors and 
recipients, but also innovatively incorporates a large num
ber of CBIs of donors and recipients for analysis, evaluates 
the risk probability of DGF in multiple dimensions, and 
makes the model more scientific and comprehensive.

Certainly, this study still has some weaknesses that 
limit the maturity of this model. Firstly, the data samples 
need to be further explored to improve the accuracy of the 
results, optimize the fitting degree, and avoid false regres
sion. Secondly, the model needs to be validated by multi- 
center data. The database is mainly from the province, and 
further verification is needed for the other provinces or 
other countries to strengthen the universality and practic
ability of the model. In addition, it should be emphasized 
that this prediction model is only applicable to kidney 
transplant recipients who have received DD for the first 
time.

In conclusion, the prediction model established in this 
database integrated two aspects of donor and recipient, 
including demographics, clinical blood routine, biochem
ical, anticoagulant, and other 40 indicators, and has impor
tant guiding significance for inducing and avoiding DGF 
in advance.
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