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Abstract

Objective: This study aimed to establish and internally verify the risk nomogram of postoper-

ative acute kidney injury (AKI) in patients with renal cell carcinoma.

Methods: We retrospectively collected data from 559 patients with renal cell carcinoma from

June 2016 to May 2019 and established a prediction model. Twenty-six clinical variables were

examined by least absolute shrinkage and selection operator regression analysis, and variables

related to postoperative AKI were determined. The prediction model was established by multiple

logistic regression analysis. Decision curve analysis was conducted to evaluate the nomogram.

Results: Independent predictors of postoperative AKI were smoking, hypertension, surgical

time, blood glucose, blood uric acid, alanine aminotransferase, estimated glomerular filtration

rate, and radical nephrectomy. The C index of the nomogram was 0.825 (0.790–0.860) and 0.814

was still obtained in the internal validation. The nomogram had better clinical benefit when the

intervention was decided at the threshold probabilities of >4% and <79% for patients and

doctors, respectively.

Conclusions: This novel postoperative AKI nomogram incorporating smoking, hypertension,

the surgical time, blood glucose, blood uric acid, alanine aminotransferase, the estimated glo-

merular filtration rate, and radical nephrectomy is convenient for facilitating the individual post-

operative risk prediction of AKI in patients with renal cell carcinoma.

Department of Urology, The First Affiliated Hospital, Sun

Yat-sen University, Guangzhou, Guangdong, China

*These authors contributed equally to this work.

Corresponding authors:

Chen Lingwu and Huang Bin, Department of Urology, The

First Affiliated Hospital, Sun Yat-sen University,

Guangzhou, Guangdong 510080, China.

Emails: chenlingwu@hotmail.com; huangb48@mail.sysu.

edu.cn

Journal of International Medical Research

49(8) 1–11

! The Author(s) 2021

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/03000605211032838

journals.sagepub.com/home/imr

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits

non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed

as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0003-4492-5972
mailto:chenlingwu@hotmail.com
mailto:huangb48@mail.sysu.edu.cn
mailto:huangb48@mail.sysu.edu.cn
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/03000605211032838
journals.sagepub.com/home/imr


Keywords

Postoperative acute kidney injury, nomogram, renal cell carcinoma, nephrectomy, smoking, blood

glucose, hypertension

Date received: 16 January 2021; accepted: 23 June 2021

Introduction

The incidence of renal cell carcinoma has
been increasing in recent years. Currently,
partial nephrectomy (PN) is the gold stan-
dard for T1 renal masses. Recent reports
have indicated that even in case of T2
renal masses, PN is a viable option with
expert surgeons, and it confers a benefit in
renal function compared with radical
nephrectomy (RN).1,2 However, nephrecto-
my is still a risk factor for postoperative
deterioration of renal function. New con-
sensus standards and an increasing
amount of reports on the incidence of
acute renal injury after RN or PN and its
adverse effects on long-term renal function
and mortality have led to awareness of
acute renal injury (AKI) after RN or PN.3

However, some reports have indicated that
PN can cause a certain amount of function-
al damage, even in patients with a preoper-
ative normal baseline renal function.4 AKI
is a serious disease and complication, and is
characterized by persistent oliguria and ele-
vated serum creatinine levels, with high
morbidity and mortality rates.5 AKI is
associated with a higher rate of postopera-
tive complications, longer hospital stay,
higher mortality rate, and higher costs.6

Some studies have shown that the incidence
of AKI has a higher risk of reduction in the
estimated glomerular filtration rate (eGFR)
between 3 and 15 months after an opera-
tion.7 In this study, we creatively used a
nomogram to examine the relationship
between clinical factors and postoperative

AKI. This nomogram can hopefully be
used as a reliable tool to predict postoper-
ative AKI and guide decision-making for
nephrectomy.

Methods

Patients

In this study, we retrospectively analyzed
patients who underwent renal cancer sur-
gery in our hospital from June 2016 to
May 2019. We evaluated the following
demographic information of all patients:
age, sex, body mass index, smoking, drink-
ing, hypertension, and diabetes mellitus
status. Additionally, the preoperative data
of a routine blood test (neutrophilic granu-
locytes, platelets, and lymphocytes), blood
coagulation (prothrombin time and activat-
ed partial thromboplastin time), and blood
biochemical tests (levels of total albumin,
albumin, blood uric acid, blood glucose,
alanine aminotransferase [ALT], aspartate
aminotransferase (AST), and alkaline phos-
phatase [ALP], and the eGFR) were simul-
taneously collected. Surgical information of
the type of nephrectomy (RN or PN), sur-
gical time, tumor position, and the
approach (laparoscopy, open, or robotic)
was also collected. The end point was
whether AKI occurred after the operation.
According to the RIFLE (Risk, Injury,
Failure, Loss, and End-stage renal disease)
standard,8 the results of this study are
expressed in terms of the occurrence of
AKI, which was defined as a decrease of
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>25% in the eGFR from baseline preoper-

atively to discharge.9–11 The most recent

eGFR before nephrectomy was selected as

the baseline eGFR. The reporting of this

study conforms to the STROBE state-

ment.12 This was a retrospective study,

and no intervention was performed on the

patients. Therefore, approval of an ethics

committee was not required.

Statistical analysis

Continuous variables are shown as mean�
standard deviation, while descriptive statis-

tics of classified variables are reported as

frequency and proportion. Continuous var-

iables and classified variables were com-

pared by the Student’s t-test, v2 test, or

Fisher’s exact test.
The least absolute shrinkage and selec-

tion operator (Lasso) method was used for

selection from the original data set, which

resulted in a set of predictors that were

more relevant and easier to explain. This

method is suitable for regression of high-

dimensional data.13

Multiple logistic regression analysis was

used to establish the prediction model,14,15

draw the calibration curve, and evaluate cal-

ibration of the postoperative AKI prediction

model.16 We measured Harrell’s C index to

quantify the resolution performance of the

predictive nomogram. The nomogram was

bootstrapped to calculate the relative cor-

rected C index,17 quantify the net benefit

under different threshold probabilities in

the verification data set, and analyze the

decision curve to determine the clinical prac-

ticability of the nomogram.18 Statistical

analysis was performed using R software

(Version 4.0.2; https: //www.R-project.org).

Results

A total of 559 patients were included in this

study. The mean age of the patients was

50.97�13.06 years, with 309 men and 250
women. According to the RIFLE diagnos-
tic criteria, all patients were divided into the
non-AKI and AKI groups. Postoperative
AKI developed in 186 (33.27%) patients
and it did not occur in 373 patients. All
data of the patients, including clinical char-
acteristics in the two groups, are shown in
Table 1.

Twenty-six variables were reduced to
eight potential predictive factors on the
basis of the 559 patients in the cohort
(Figure 1). These variables were smoking,
hypertension, surgical time, blood glucose,
blood uric acid, ALT, eGFR, and radical
nephrectomy. The results of logistic regres-
sion analysis are shown in Table 2. The sur-
gical time, blood uric acid levels, the eGFR,
and RN were significant for predicting
postoperative AKI (all P< 0.05). A model
that incorporated the above-mentioned
independent predictive factors was devel-
oped and presented as a nomogram
(Figure 2). The calibration curve of the
nomogram for predicting the risk of post-
operative AKI in the patients showed good
agreement in this cohort (Figure 3). The C
index for the predictive nomogram was
0.825 (95% confidence interval: 0.789–
0.860) for the cohort and 0.814 through
bootstrapping validation, which suggested
good discrimination of the model. In
the nonadherence risk nomogram, the
apparent performance had a good predic-
tive capability.

Decision curve analysis for the postoper-
ative AKI nomogram is shown in Figure 4.
The decision curve showed that a threshold
probability of >4% and <79% for patients
and doctors, respectively, enabled better
predictive ability of this nomogram for the
risk of postoperative AKI. Using the nomo-
gram in the current study to predict post-
operative AKI was more beneficial than
intervention with all regimens or non-
intervention regimens of patients.
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Discussion

In recent years, the incidence of renal solid

masses has shown an upward trend, and

regardless of whether there is a benign or

malignant mass, the main treatment is

nephrectomy. However, postoperative

renal dysfunction is still a continuing con-
cern for health care providers.19 This study
focused on whether AKI will occur after
nephrectomy and we established a predic-
tion model to examine which factors may
promote the occurrence and development
of AKI.

Table 1. Clinical characteristics of the non-AKI and AKI groups.

Variables Total

Non-AKI group

(n¼ 373)

AKI group

(n¼ 186) P value

Age (years) 50.97� 13.06 50.25� 12.74 52.42� 13.58 0.139

Sex Men 195 (52.3) 114 (61.3) 0.047

Women 178 (47.7) 72 (38.7)

BMI (kg/m2) 24.56� 26.21 24.90� 32.02 23.86� 3.13 0.034

Smoking 86 49 (13.1) 37 (19.9) 0.046

Drinking 60 36 (9.7) 24 (12.9) 0.249

Hypertension 155 88 (23.6) 67 (36) 0.003

Diabetes mellitus 46 26 (7) 20 (10.8) 0.142

Tumor length (cm) 5.05� 2.86 4.64� 2.78 5.89� 2.83 <0.001

Surgical time (minutes) 151.83� 58.24 143.18� 54.20 169.16� 62.22 <0.001

Total albumin (g/L) 66.59� 5.77 66.58� 5.79 66.61� 5.76 0.912

Albumin (g/L) 39.98� 4.18 40.06� 4.26 39.83� 4.02 0.737

Blood uric acid (mmol/L) 364.92� 100.34 356.69� 102.06 381.42� 94.92 0.001

PT (s) 11.56� 6.02 11.77� 7.32 11.13� 1.16 0.012

APTT (s) 29.49� 12.21 29.81� 14.64 28.84� 4.28 0.521

Blood glucose (mmol/L) 4.98� 1.57 4.89� 1.20 5.17� 2.10 0.15

ALT (U/L) 19.27� 14.75 18.16� 13.60 21.52� 16.62 0.001

AST (U/L) 20.19� 8.00 19.93� 7.63 20.71� 8.70 0.263

ALP (U/L) 74.45� 34.65 73.11� 34.05 77.13� 35.77 0.006

NEUT (%) 57.37� 8.81 57.25� 8.73 57.60� 9.00 0.326

Platelets (�109/L) 245.89� 70.66 244.37� 71.24 248.95� 69.55 0.402

eGFR (mL/minute/1.73 m2) 115.83� 28.66 115.29� 30.20 116.92� 25.33 0.681

Lymphocytes (�109/L) 2.00� 0.79 1.99� 0.62 2.01� 1.06 0.224

Surgery Radical 88 (23.6) 138 (74.2) <0.001

Partial 285 (76.4) 48 (25.8)

Left or right Left 187 (50.1) 100 (53.8) 0.421

right 186 (49.9) 86 (46.2)

Location Upper 115 (30.8) 53 (28.5) 0.81

Middle 116 (31.1) 62 (33.3)

Lower 142 (38.1) 71 (38.2)

Surgical approaches Robotic 93 (24.9) 27 (14.5) 0.004

Laparoscopic 198 (53.1) 124 (66.7)

Open 82 (22) 35 (18.8)

Data are mean � standard deviation or n (%).

AKI, acute kidney injury; BMI, body mass index; PT, prothrombin time; APPT, activated partial thromboplastin time;

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; NEUT, neutrophilic

granulocytes; eGFR, estimated glomerular filtration rate.
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Many studies have been conducted to
investigate which factors can accurately
predict postoperative AKI, but the results
are not consistent.20,21 In this study, we

established a prognostic model that includ-
ed comprehensive preoperative predictors
to determine the risk of AKI after nephrec-
tomy to help urologists make timely clinical

Figure 1. Selection of clinical characteristics using the least absolute shrinkage and selection operator
(Lasso) binary logistic regression model. The tuning parameter (k) in the Lasso model was selected by
minimum criteria using five-fold cross-validation. A binomial deviance curve was plotted versus log(k).
Vertical lines were drawn at the optimal value with the minimum criteria and 1 standard error of the
minimum criteria (1-SE criteria).

Table 2. Predictive factors for postoperative acute kidney injury

Intercept and variables

Prediction model

b Odds ratio (95% CI) P value

Intercept �6.4500 0.001 (0.000–0.008) <0.001

Smoking 0.4448 1.560 (0.884–2.745) 0.123

Hypertension 0.4758 1.609 (0.996–2.602) 0.051

Blood glucose (mmol/L) 0.0824 1.086 (0.961–1.253) 0.199

Surgical time (minutes) 0.0049 1.005 (1.001–1.009) 0.006

Blood uric acid (lmol/L) 0.0030 1.003 (1.001–1.005) 0.012

ALT (U/L) 0.0062 1.006 (0.993–1.026) 0.371

eGFR (mL/minute/1.73m2) 0.0169 1.017 (1.009–1.021) <0.001

Radical nephrectomy 2.3627 10.620 (6.841–14.842) <0.001

CI, confidence interval; ALT, alanine aminotransferase; eGFR, estimated glomerular filtration rate.
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interventions before surgery. The incidence
of postoperative AKI in this study was
33.27%, which is relatively high compared
with other studies.22 In the analysis of risk
factors, smoking, hypertension, the surgical
time, blood glucose, blood uric acid, ALT,
the eGFR, and radical nephrectomy were
related to the risk of postoperative AKI.
Logistic regression analysis showed that
the probability of RN and postoperative
AKI was more than two times higher than
that of PN and was an independent risk
factor for AKI. This result is consistent
with studies on the relationship between
RN and an increased risk of chronic
kidney disease, cardiovascular events, and
even death, while better preservation of
renal function after PN is thought to
improve the prognosis after nephrecto-
my.23,24 As a result, urologists may be
more likely to choose PN for patients with

smaller renal lumps. RN can be used in
patients with a low risk of postoperative AKI.

This study comprehensively analyzed the
relationship between preoperative laborato-
ry values and postoperative AKI.
Regression analysis showed that preopera-
tive blood glucose levels, ALT levels, the
eGFR, and blood uric acid levels were fac-
tors that could predict the occurrence of
postoperative AKI. We found that elevated
preoperative blood glucose levels were asso-
ciated with postoperative AKI. Before sur-
gery, doctors should better control blood
glucose levels, especially for patients with
diabetes. An increase in ALT levels is also
associated with AKI. ALT is mainly present
in hepatocytes after an operation. When a
liver lesion occurs, it leads to an increase in
ALT levels. Therefore, if a patient has liver
function damage before the operation, it
should be treated in time, and the ALT

Figure 2. Developed postoperative AKI nomogram. The nomogram was developed for the cohort using
smoking, hypertension, surgical time, blood glucose levels, blood uric acid levels, ALT levels, the eGFR, and
radical nephrectomy.
AKI, acute kidney injury; ALT, alanine aminotransferase; eGFR, estimated glomerular filtration rate.
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value should be reduced to a normal value

before a kidney operation.25 In our study,

hypertension appeared to be a risk factor

for postoperative AKI, which is consistent

with previous studies.3,26 Therefore, urolo-

gists should control blood pressure at a safe

level, especially for patients with high blood

pressure. Another important independent

prognostic factor of postoperative AKI

was the preoperative eGFR. Therefore,

clinicians should evaluate renal function in

patients before an operation.27,28

We also found that elevated blood uric

acid levels were associated with postopera-

tive AKI. Uric acid is thought to have

proinflammatory effects. In vitro, uric acid

induces human endothelial cells and vascu-

lar smooth muscle cells to express C-reac-

tive protein, and produce monocyte

chemoattractant protein-1.29,30 By stimulat-

ing the proliferation of vascular smooth

muscle cells and inhibiting the growth of

endothelial cells, uric acid impairs renal

self-regulation and reduces the GFR.31

These mechanisms lead to glomerulosclero-

sis, interstitial fibrosis, and arteriolar dis-

ease.32 Clinical and experimental studies

have shown that increased uric acid levels

lead to AKI and induce the progression of

chronic kidney disease in a nonoperative

environment.33,34

Bertolo et al.35 built a nomogram to pre-

dict postoperative loss of renal function in

patients undergoing PN. He focused on

chronic kidney disease upstaging as the out-

come of interest owing to its clinical rele-

vance and association with future

morbidity and mortality. The logistic

Figure 3. Calibration curves of the nomogram for predicting the risk of postoperative AKI in the cohort.
The calibration curves describe the calibration of the model based on the consistency between the pre-
dicted risk of postoperative AKI and the observed postoperative AKI results. The diagonal dashed line
indicates perfect prediction of the ideal model. The black solid line indicates the performance of the
nomogram; being closer to the diagonal dashed line indicates that the model has better prediction ability
AKI, acute kidney injury.
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nomogram model had a C index of 0.76.
Shum et al.36 constructed and internally
validated two nomograms to predict the

eGFR at 1 year after PN, using only preop-
erative covariates as predictors. They
showed that the percentage of patients

with an eGFR <60mL/minute/1.73m2

increased from 25% before PN to 35% at
1 year after PN. Martini et al.37 separately
investigated the role of the occurrence of

AKI in patients with normal preoperative
renal function and that of the occurrence
of AKI in chronic kidney disease. They

found that the latter was associated with
an increased risk of a significant reduction
in the eGFR compared with the former.

Our research has several limitations.
First, the study was conducted in a single
institution, and multicenter research should

be conducted in the future. Second, we

could not analyze the relationship between

other intraoperative factors and postopera-

tive AKI, such as perioperative hydration

and urine volume. Third, we only found

that certain preoperative factors might

lead to the specific mechanism of postoper-

ative AKI, which is not clear. Therefore,

further high-quality research is required in

the future.

Conclusion

This study developed a new nomogram

with a relatively good accuracy to help

clinicians assess the risk of AKI after

nephrectomy at the beginning of treatment.

By performing estimation of individual risk,

clinicians and patients may take more

Figure 4. Decision curve analysis for the postoperative AKI nomogram. The blue line indicates the
predictive nomogram for the risk of postoperative AKI. The thin solid line shows the assumption that AKI
occurs in all patients after surgery. The thick black line shows the assumption that no patient has postop-
erative AKI. The decision curve shows that the threshold probabilities of patients and doctors are >4% and
<79%, respectively.
AKI, acute kidney injury.
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necessary intervention measures according
to the patient’s condition.
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