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Objective: To establish a nomogram model to predict the risk of contrast-induced acute kidney injury (CI-AKI) by analyzing the risk
factors of CI-AKI and to evaluate its effectiveness.

Methods: Retrospectively analyze the clinical data of non-ST-elevation acute coronary syndrome (NSTE-ACS) patients who under-
went percutaneous coronary intervention (PCI) in our cardiology department from September 2018 to June 2021. Of these, patients
who underwent PCI in an earlier period formed the training cohort (70%; n = 809) for nomogram development, and those who
underwent PCI thereafter formed the validation cohort (30%; n = 347) to confirm the model’s performance. The independent risk
factors of CI-AKI were determined by LASSO regression and multivariable logistic regression analysis. By using R software from
which nomogram models were subsequently generated. The nomogram was developed and evaluated based on discrimination,
calibration, and clinical efficacy using the concordance statistic (C-statistic), calibration plot, and decision curve analysis (DCA),
respectively.

Results: The nomogram consisted of six variables: age >75, left ventricular ejection fraction, diabetes mellitus, fibrinogen-to-albumin
ratio, high-sensitive C-reactive protein, and lymphocyte count. The C-index of the nomogram is 0.835 (95% CI: 0.800-0.871) in the
training cohort and 0.767 (95% CI: 0.711-0.824) in the validation cohort, respectively. The calibration plots exhibited that the
nomogram was in good agreement between prediction and observation in the training and validation cohorts. Decision curve analysis
and clinical impact curve suggested that the predictive nomogram had clinical utility.

Conclusion: The nomogram model established has a good degree of differentiation and accuracy, which is intuitively and individually
to screen high-risk groups and has a certain predictive value for the occurrence of CI-AKI in NSTE-ACS patients after PCI.
Keywords: nomogram, risk forecasting model, non-ST-elevation acute coronary syndrome, percutaneous coronary intervention,

contrast-induced acute kidney injury

Introduction

The term “contrast-induced acute kidney injury (CI-AKI)” was introduced by the Kidney Disease Improving Global
Outcomes (KDIGO) working group in 2012." It is characterized by a decrease in renal function within a few days after
intravascular injection of iodine contrast medium. CI-AKI is a common and serious complication after percutaneous
coronary intervention (PCI) in patients with coronary artery disease (CAD). It has been associated with irreversible
deterioration of renal function, the need for dialysis, increased hospital costs, and death.” * Unfortunately, few strategies
are effective in preventing and treating CI-AKI. Non-ST-segment elevation acute coronary syndrome (NSTE- ACS) is
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a common type of coronary artery disease, representing approximately two-thirds of patients with ACS.>® Although
patients presenting with NSTE-ACS appear more stable at presentation, and their long-term outcome is worse. 1-year
mortality is higher for patients presenting with NSTE-ACS than ST-segment elevation myocardial infarction (STEMI).”
Moreover, the prognosis of CI-AKI in patients with NSTE-ACS is worse than that of the general population. Therefore,
accurate identification of NSTE-ACS patients at increased risk of CI-AKI after PCI is essential in a clinical setting. It
would be of great clinical significance for clinicians to predict whether the early intervention will be needed follow-
ing PCI.

A series of risk-stratification models that incorporate patient and procedural factors have been validated in past
studies.®® A classical risk score including eight variables established by Mehran et al'® in 2004 is one of the most
common prediction models for CI-AKI. While this tool can be used for quality reporting and other functions, it is not
very helpful because it includes certain variables that cannot be known before the procedure. Furthermore, most studies
have focused on independent risk factor analysis and regression equations to make predictions. Nomogram is a statistical
prediction model established based on the characteristic phenotype of the disease, which is used to predict the probability
of a certain outcome event in a population with certain characteristics in the future. It has the advantage of being more
intuitive, vivid, and simple compared with traditional prediction methods.'""'?

This retrospective study analyzed clinical data from patients with NSTE-ACS treated with PCI in our cardiology
department. Independent risk factors for CI-AKI were identified by LASSO regression screening and multivariate logistic
regression analysis.'® The clinical outcomes were used to establish a predictive model for screening high-risk populations
to provide more accurate guidance for the early prevention of NSTE-ACS patients.

Materials and Methods

Study Population
The overall flow diagram is shown in Figure 1. The clinical data of 1421 patients with NSTE-ACS who underwent PCI in
our cardiology department from September 2018 to June 2021 were retrospectively analyzed. The diagnosis of NSTE-ACS

NSTE-ACS patients who underwent PCI in our hospital from
September 2018 to June 2021 were retrospectively analyzed
(n=1461)

Excluded(n=305)
(i) eGFR<15mL/ (min-1.73m?) or severe liver
dysfunction (n=41)
(ii) Inflammation (including active infection, systemic
inflammation or autoimmune disease) (n=56)
(iii) Lack of preoperative or postoperative serum
creatinine level (SCr) data (n=102)
(iv) Active malignant tumor (n=14)
(v) Chronic heart failure (NYHA grade > 3), stroke,
valvular heart disease (n=47)
(vi) Hematologic disorders (n=28)
(vii) Contact with contrast medium within previous
three days (n=15)
(viii) Died during PCI (n=2)

Panients remained(n=1156)

v !
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Univariate logistic Lasso logistic Multivariate logistic
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development validation

Figure | Study flow diagram.
Abbreviations: NSTE-ACS, non-ST elevation acute coronary syndrome; PCI, percutaneous transluminal coronary intervention; eGFR, estimated glomerular filtration rate;
NYHA, New York Heart Association.
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was based on criteria established by the American College of Cardiology. The inclusion criteria were: (i) diagnosis of
NSTEMI; (ii) dynamic or possible new serial ST-T changes indicating progressive ischemia; (iii) transient ST-segment

elevation.'*!3

Exclusion Criteria

The exclusion criteria were those patients with severe chronic kidney disease (defined as estimated glomerular filtration
rate (eGFR) < 15mL/(min-1.73m?)) or severe liver dysfunction, inflammation (including active infection, systemic
inflammation or autoimmune disease), malignancy, chronic heart failure (New York Heart Association (NYHA) grade
> 3), stroke, valvular heart disease, hematologic disorders, missing preoperative or postoperative serum creatinine (SCr),
with exposure to a contrast medium within previous three days. Patients who died during PCI were also excluded.
Finally, 1156 patients remained in the study sample, including 785 males (67.9%). The mean age was 63.96 + 11.77
years. Of these, patients who underwent PCI in an earlier period formed the training cohort (from September 2018 to
October 2020, n = 809) for nomogram development, and those who underwent PCI thereafter formed the independent
validation cohort (from November 2020 to June 2021, n = 347) to confirm the model’s performance.

PCl Method

In this study, all patients who planned to undergo PCI were routinely given dual antiplatelet therapy and 3000 IU of
ordinary heparin anticoagulation before the procedure, and 100IU/kg heparin could be added during PCI according to the
patient’s body weight. PCI was performed according to standard clinical practice using standard catheters, guidewires,
balloon catheters, and stents via the radial artery approaches. Nonionic, iso-osmolar contrast medium was administered
during the procedure (ioversol, Yangtze River Pharmaceutical Group), the osmotic concentration was 800 mOsm/Kg.
Interventional physicians determined the dose according to the patient’s condition during the procedure. Furthermore, all
patients received normal saline at a rate of 1 mL-kg '-h™' before the procedure and continued for 12 hours after the
procedure according to the guidelines. In patients with left ventricular ejection fraction (LVEF) less than 40% or heart
failure, the hydration rate should be reduced to 0.5 mL-kg '-h™'.'®!7

Definition

The European Society of Urogenital Radiology (ESUR) defines CI-AKI as: The absolute increase of serum creatinine
level > 0.5mg/dl (44.2umol/L) within 48—72 hours after contrast medium exposure or the increase of > 25% compared
with the preoperative level, excluding kidney damage caused by other reasons, can be diagnosed as CI-AKI”.'® Related
definitions and diagnostic criteria included the following: Fibrinogen-to-albumin ratio (FAR) was defined as the
concentration ratio of fibrinogen (g/L) to albumin (g/L) multiplied by 100."” Anemia was defined as hemoglobin
(HGB) concentration < 13 g/dL for men and < 12 g/dL for women. Chronic renal disease was considered if baseline
SCr > 133 pumol/L. Hypotension was considered as the occurrence of systolic pressure < 80 mmHg for at least 1 hour
requiring inotropic agents or Intra-Aortic Balloon Pump (IABP) insertion within 24 of the PCI. The diagnostic criteria for
diabetes were fasting glucose > 7mmol/L, random glucose > 11.1mmol/L, or a history of diabetes, including diet, oral
medication, or insulin therapy. Current smoking is those who have smoked regularly in the past six months.

Data Collection

The baseline and clinical characteristics (including demographic data, previous medical history, vital signs on admission,
laboratory indices, angiographic variables, and medication use at discharge) were gathered from the medical record
systems. The venous blood samples were obtained from each participant within 24 hours of admission and at least two
days after PCI at room temperature. All laboratory indices were uniformly and preoperatively performed by the
laboratory of our testing center. Data collected during PCI included the target vessel (left coronary artery, left anterior
descending coronary artery, left circumflex coronary artery, and right coronary artery), the total length of the implanted
stent, the average diameter of the implanted stent, the number of implanted stents, contrast medium volume, and contact
time. Left ventricular ejection fraction was recorded by echocardiography to evaluate left ventricular systolic function.
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Statistical Analysis

Categorical variables are expressed as counts and percentages (%), while continuous variables are expressed as mean +
standard deviation or median and quartile ranges. The independent sample #-test was used to compare the parameter
values of the two groups, the Mann—Whitney U-test was used to compare the non-parameter values of the two groups,
and the chi-square test was used to compare the classified variables. LASSO regression was used to screen out non-zero
coefficient characteristics, and multivariate logistic regression was used to analyze the independent predictors of CI-AKI
in NSTE-ACS patients after PCI. Based on the above factors, a predictive nomogram model of CI-AKI was constructed.
We evaluated the predictive model in terms of three quantities, namely discriminative capacity, calibration ability, and
clinical effectiveness. Since the consistency index (C-index) is equivalent to the area under the receiver operating
characteristic curve (AUC) in logistic regression, we used the AUC to evaluate the discriminative ability of the
nomogram. At the same time, Area under curve comparison between the nomogram and the Mehran Score was
performed using DeLong’s test. Calibration accuracy was evaluated by a calibration plot and Hosmer-Lemeshow test.
Clinical effectiveness was evaluated by a decision curve analysis (DCA). All statistical analyses were performed using
SPSS version 26.0 (SPSS Inc., Chicago, IL, USA), and the statistical software package R, version 4.0.3 (https://cran.
r-project.org). The software packages involved in R software implementation mainly include “glmnet”, “rms”, “pROC”,
“rmda”, and so on. All tests were two-tailed, and P value < 0.05 was considered statistically significant.

Results

Baseline Patient Characteristics in Training Cohort

Of the 809 patients with NSTE-ACS, 15.5% (125/809) developed CI-AKI. However, the definition of CI-AKI is diverse,
and some studies define CI-AKI as a 50% increase in serum creatinine from baseline values or 0.3 mg/dl after PCI.%
According to this calculation, the incidence of CI-AKI was 13.6% (110/809). There was no statistically significant
difference between the two methods to calculate CI-AKI incidence (y* = 1.120, P = 0.290). General information and
laboratory data for both groups are shown in Tables 1 and 2. Compared with the non-CI-AKI group, the CI-AKI group
have a significant difference in Age > 75 years, gender, diabetes mellitus, Anemia, some biochemical parameters (eg,
glucose, albumin, fibrinogen, hemoglobin, hsCRP, lymphocyte count, neutrophil count, platelet distribution width), FAR,

Neutrophil-to-Lymphocyte Ratio (NLR), LVEF, and diuretic use (P < 0.05).

LASSO Regression and Multivariate Logistic Regression Analysis

LASSO regression analysis showed that Age > 75 years, gender, diabetes mellitus, anemia, diuretic use, albumin,
fibrinogen, FAR, LVEF, hsCRP, hemoglobin, lymphocyte count, neutrophil count, NLR, and platelet distribution width
were the more important predictors with non-zero coefficient, as shown in Figure 2. The independent predictors screened
by LASSO regression were the independent variables (Age > 75 years as “yes”, Age < 75 years as “no”; the presence of
diabetes mellitus or hypotension as “yes” and absence as “no”; use of diuretics as “yes”, “no” for non-use). Multivariate
logistic regression analysis with the occurrence of CI-AKI (occurrence as “yes”, non-occurrence as ‘“no”) as the
dependent variable showed that Age > 75 years, diabetes mellitus, LVEF, hsCRP, FAR, and lymphocyte count were

independent predictors of the occurrence of CI-AKI after PCI in patients with NSTE-ACS (Table 3).

Predictive Nomogram Development

Based on the above analysis, this study used six variables, Age > 75 years, diabetes, LVEF, FAR, hsCRP, and lymphocyte
count, to establish a nomogram model for predicting CI-AKI after the procedure in NSTE-ACS patients. As shown in
Figure 3, each of these independent predictors was projected upward to the value of the “points™ at the top level of the
nomogram to obtain a score within the range of 0 to 100 and then record the total score of these points, to accurately
predict the risk of CI-AKI in the corresponding NSTE-ACS patients. The higher the total score, the higher the risk of CI-
AKI. Meanwhile, the Bootstrap internal verification method was used in this study to conduct internal verification of the
nomogram model. The Hosmer-Lemeshow test result was y* = 6.301(P = 0.614), which proves that the model had a good
degree of calibration. The Calibration curve shows a good agreement between the predicted and actual risk of CI-AKI, as

68 neps: Clinical Interventions in Aging 2022:17

Dove!


https://cran.r-project.org
https://cran.r-project.org
https://www.dovepress.com
https://www.dovepress.com

Dove Ma et al

Table 1 Comparison of Baseline Features and PCI Results in the Training Cohort

Variable Non-CI-AKI Group CI-AKI Group 272It Value P value
(n=684) (n=125)
Age (year, Xzs) 63.90+11.88 67.03+12.34 —2.693 0.007
Age>75, n (%) 109(15.94) 38(30.40) 18.633 <0.001
Male, n (%) 476(69.60) 74(59.20) 5.242 0.011
Hypertension, n (%) 358(52.34) 69(55.20) 0.200 0.527
Diabetes mellitus, n (%) 147(21.49) 70(56.00) 64.120 <0.001
Smoking, n (%) 259(37.87) 42(33.60) 0.823 0.293
Systolic pressure (mmHg, X#s) 131.90£21.07 130.95+22.16 0.460 0.646
Diastolic pressure (mmHg, X+s) 78.14+13.50 78.86+13.50 —0.550 0.583
Anemia, n (%) 94(13.74) 27(21.60) 5.130 0.024
Hypotension, n (%) 44(6.43) 9(7.20) 0.102 0.750
Intra-Aortic Balloon Pump, n (%) 0 0 - -
Use of therapeutic agents, n(%)
Aspirin, n (%) 684(100) 125(100) - [
Clopidogrel/Ticagrelor, n (%) 684(100) 125(100) - [
Beta-blockers, n (%) 566(82.75) 104(83.20) 0.003 0.953
ACEI/ARB, n (%) 414(60.53) 72(57.60) 0.401 0.526
CCB, n (%) 137(20.03) 17(13.60) 3.398 0.065
Diuretics, n (%) 253(36.99) 72(57.60) 23.146 <0.001
Statins, n (%) 633(92.54) 120(96.00) 2222 0.162
Nitrates, n (%) 471(68.86) 86(68.80) 0.001 0.979
Stent number per patient, n (%)
Left anterior descending, n (%) 310(45.32) 58(46.40) 0.050 0.824
Left circumflex, n (%) 148(21.64) 33(26.40) 1.380 0.240
Right coronary artery, n (%) 222(32.46) 32(25.60) 2.306 0.129
Left main, n (%) 4(0.58) 2(1.60) 1.480 0.224
Stent number per patient, n (%)
I (n, %) 600(87.72) 104(83.20) 1.911 0.167
22 (n, %) 84(12.28) 21(16.80) 1.911 0.167
Stent length (mm) 16.78 + 3.37 17.84 £ 4.02 0.972 0.246
Stent diameter (mm) 321 £035 325+028 1.027 0.312
Contrast medium contact time (min) 35.47£17.43 38.23+16.98 0.921 0.255
Contrast medium>100 (mL) 398(58.19) 81(64.80) 1.914 0.166
Mehran score 5.25+4.25 4.75%3.50 1.523 0214

Abbreviations: CI-AKI, contrast-induced acute kidney injury; LVEF, left ventricular ejection fraction; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin
receptor inhibitor; CCB, calcium channel blockers.

shown in Figure 4A. The C-index is 0.835(95% CI: 0.800-0.871). The prediction model has a good degree of
differentiation, as shown in Figure SA. In addition, the nomogram demonstrated better predictive value among patients
with NSTE-ACS while compared with Mehran Score (Z=3.144, P = 0.002, Figure 6).

Validation of the Nomogram
In the validation cohort, there are 43 cases (12.4%) that developed CI-AKI. The Hosmer-Lemeshow test result is y*=
4.252 (P = 0.834). The Calibration curve shows that the nomogram prediction model has a good consistency and fitting
degree, as shown in Figure 4B. C-index is 0.767(95% CI: 0.711-0.824), indicating that the prediction model has a good
discriminability, as shown in Figure 5B.

Decision Curve Analysis of the Prediction Model
A decision curve analysis (DCA) was applied to assess the clinical validity of the nomogram (Figure 7A and B). The
horizontal line means that when all the samples were negative (Pi < Pt) and no one intervened, the natural net benefit was
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Table 2 Comparison of Laboratory Test Results in the Training Cohort

Variable Non-CI-AKI Group CI-AKI Group t/Z value P value
(n=684) (n=125)
Triglycerides (mmol/L) 1.47(1.04-2.51) 1.32(0.93-2.17) —-1.091 0.275
Total cholesterol (mmol/L) 3.93£1.51 3.81£1.47 1.250 0.212
High-density lipoprotein (mmol/L) 1.19+0.46 1.14+0.24 1.867 0.062
Low-density lipoprotein (mmol/L) 2.64%1.07 2.71+0.82 0.768 0.443
Albumin (g/L) 41.95+4.68 39.28+4.87 4.258 <0.001
Fasting plasma glucose (mmol/L) 5.62(4.97-7.26) 5.86(5.18-7.53) —2.055 0.04
Fibrinogen (g/L) 3.17£1.01 3.54+1.20 0.053 0.012
FAR 7.06(5.59-9.12) 9.27(7.58-11.54) -3.819 <0.001
Blood urea (mmol/L) 5.97£2.23 6.04£2.26 —0.332 0.740
Serum creatinine (umol /L) 70.38+22.03 71.70+49.89 —0.290 0.772
Uric acid (umol/L) 320.71495.32 315.71+99.75 0.534 0.594
Cystatin C (mg/L) 0.87+0.23 0.92+0.35 —0.881 0.383
eGFR (mL/min) 108.49+37.08 104.36+28.00 —0.776 0.439
Lipoprotein (A) (mg/L) 268.13+190.77 310.26+223.37 —1.665 0.098
Total bilirubin (umol/L) 14.44+8.65 14.27+6.27 -0.371 0.710
Direct bilirubin (pmol /L) 4.99+3.90 4.98+3.47 —0.669 0.504
Glycosylated hemoglobin (%) 6.90%1.52 7.06+1.80 —0.782 0.435
LVEF (%) 58(52-63) 53(50-56.5) —6.393 <0.001
hsCRP (mg/L) 5.23(1.60, 8.60) 7.84(5.65, 10.24) —6.834 <0.001
Monocyte count (10%/L) 0.53+0.65 0.48+0.69 0514 0.607
Neutrophil count (10%/L) 5.43(3.90-7.44) 5.80(4.57-8.17) —2.472 0.013
Lymphocyte count (10°/L) 1.50(1.10-1.90) 1.20(0.90-1.60) —4.133 <0.001
NLR 3.61(2.32-6.22) 5.11(2.96-9.02) —4.223 <0.001
Hemoglobin(g/L) 140.86%15.72 131.24+26.17 2.983 <0.001
Platelet count (10°/L) 197.43+63.60 185.10460.32 1.635 0.102
Red blood cell distribution width (%) 12.90+0.80 13.03+0.97 —0.309 0.757
Platelet distribution width (%) 14.69+4.84 14.87£2.56 —2.696 0.008

Abbreviations: CI-AKI, contrast-induced acute kidney injury; FAR, fibrinogen-to-albumin ratio; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection
fraction; hsCRP, High-sensitive C-reactive protein; NLR, neutrophil-to-lymphocyte ratio.

zero. The grey line represents that all of the samples were positive, and all of the people were intervened. From the
decision curves, the nomogram could acquire great net benefits across a large range of high-risk thresholds. From
Figure 8, we can see the red curve shows the number of subjects classified as positive (Number high risk) by the
nomogram model for each threshold probability; The black curve (Number high risk with event) is the number of true
positives under each threshold probability. It means good consistency between the actual distribution and the model’s
predicted distribution.

Discussion

Contrast-induced acute kidney injury (CI-AKI) is one of the current complications of undergoing coronary angiography
(CAG) or PCI, and CI-AKI increases the length of stay and mortality of patients.> The incidence of CI-AKI has been
reported to range from 0% to 24%. A wide range of studies has been reported due to different definitions, background
risk factors, type and dose of contrast agent used, and frequency of other potential causes of coexisting acute renal
failure.?! Currently, there are no specific clinical therapeutic agents or tools for the development of CI-AKI, and
prevention targeting its causative mechanisms and risk factors remains important. Risk assessment of high-risk popula-
tions is a primary goal and an important component of CI-AKI prevention. A retrospective analysis of CI-AKI prediction
models by Silver et al in 2015 found that risk prediction models are still in their early stages.® The more commonly used
Mehran risk score model, which contains eight variables and certain variables that are not readily available pre-
procedure, limits their use in clinical practice.'’
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Figure 2 LASSO regression model screening predictors. (A) Vertical lines are plotted at the most available parameter value A = 0.0105, and the selected variables are 15;
(B) Plot of each clinical characteristic coefficient against log(\) by adjusting the parameter A.

This study found a 14.5% (168/1156) incidence of CI-AKI after PCI in patients with NSTE-ACS. We comprehen-
sively screened the independent risk factors for CI-AKI after PCI by retrieving the demographic, medical history, and bio
laboratory indices of 1156 NSTE-ACS patients. At the same time, a nomogram prediction model for CI-AKI in NSTE-
ACS patients was developed according to standard procedures. It is important to emphasize that this study focused on
easier prediction of the likelihood of CI-AKI after PCI by the nomogram model.

In the results of this study, the prevalence of CI-AKI was significantly higher in the age > 75 years group than the age
<75 (25.85% vs 13.14%, P < 0.001). The reason may be that increased vascular stiffness and decreased endothelial
function with age, which affect vascular function, endothelial gene expression, and monolayer integrity. All these factors
together reduce the likelihood of rapid creatinine recovery in postoperative patients and add to the risk of CI-AKI in
elderly patients.”>** In contrast, the high glucose status of the diabetic organism may increase the role of reactive oxygen
species (ROS) in oxidative damage to the renal parenchyma (especially outer medullary hypoxia) and promote renal
injury.>**> Furthermore, CI-AKI may aggravate the pathophysiological process of pre-existing diabetes and diabetic
nephropathy, both of which are mutually responsible for the persistent impairment of renal function. In the current risk
score, age > 75 years and diabetes mellitus are risk factors for CI-AKI after elective PCI, which is consistent with our
study.”® Our data show that patients with low LVEF are more likely to develop CI-AKI. It might be due to the
deterioration of cardiac function, where prolonged low cardiac output leaves patients with inadequate tissue and organ
perfusion and reduced function, further leading to impaired renal function and poor prognosis. In addition, reduced LVEF
is an independent predictor of long-term mortality after cardiac catheterization.”” FAR, a novel inflammatory index,

Table 3 Multivariate Logistic Regression Analysis for the Occurrence of CI-AKI After PCl in Patients with NSTE-ACS in Training
Cohort

Variable B sy Waldy? OR (95% CI) P value
Age>75 0.835 0.258 10.471 2.306 (1.390-3.824) 0.001
Diabetes mellitus 1.403 0.227 38.125 4.066 (2.605-6.346) <0.001
LVEF -0.112 0.020 31.253 0.894 (0.860-0.930) <0.001
FAR 0.186 0.035 27.631 1.205 (1.124-1.291) <0.001
Lymphocyte count —0.358 0.166 4.651 0.699 (0.505-0.968) 0.031
hsCRP 0.037 0.010 14.591 1.037 (1.018-1.057) <0.001

Abbreviations: LVEF, left ventricular ejection fraction; FAR, fibrinogen-to-albumin ratio; hsCRP, hypersensitive C reactive protein.
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syndrome; DM, diabetes mellitus; LVEF, left ventricular ejection fraction; FAR, fibrinogen-to-albumin ratio; LY, lymphocyte count; hsCRP, High-sensitive C-reactive protein.
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Figure 4 Calibration curve of the nomogram for the training set (A) and the validation set (B). The X-axis represents the overall predicted probability of CI-AKI after PCI
and the Y -axis represents the actual probability. Model calibration is indicated by the degree of fitting of the curve and the diagonal.

reflects both overactive coagulation and inflammatory pathways, both of which are potential mechanisms for CI-
AKI.?*?° This hypothesis is supported by the correlation between FAR and CRP in previous studies.*® Although the
exact mechanism of high inflammatory state and the occurrence of CI-AKI is not known. However, it has been shown
that the application of statins that improve the inflammatory vascular state can reduce circulating hsCRP, and high-dose
statins have been found to reduce the occurrence of CI-AKI.*'*? In our study, we also found that lymphocyte counts were
statistically significant. Lymphocytes are the core of the immune response and inflammation promotes apoptosis of

133

lymphocytes. The results of Kocas et al”~ showed that Platelet-to-Lymphocyte Ratio was an independent predictor of CI-

AKI after angiography in patients with NSTE-ACS and that lymphocytopenia was associated with the occurrence of

72 https: Clinical Interventions in Aging 2022:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Ma et al

1.0

04 06 08

Actual diagnosed CI-AKI (proportion)

0.2

T

Bias-corrected

T T
02 04

T
06

08

Nomogram-predicted probability of CI-AKI

T o T vmm||||||||| I”
©
@ 4
=
S
k
o
Q
]
&
v ©
(9]
bl
o
2
c S emmmmaa
c
o
©
K
T ¥
= O N o7 ——
3
<
Bias-corrected
o~
84
- T T T T T
1.0 0.2 0.4 0.6 0.8 1.0

Nomogram-predicted probability of CI-AKI

Figure 5 ROC curve of the nomogram for predicting CI-AKI after PCl in NSTE-ACS patients. (A) ROC curve in the training set; (B) ROC curve in the validation set.
Abbreviations: AUC, area under the ROC curve; ROC, receiver operating characteristic; PCI, percutaneous transluminal coronary intervention; NSTE-ACS, non-ST

elevation acute coronary syndrome.

Q
—_

06 08

(v

Sensi
04

0.2

0.0

—— Nomogram-AUC 0.835
—— Mehran Score-AUC 0.762

0.2

0.4 0.6
1 - Specificity

Figure 6 The receiver operator characteristic curves of the nomogram and the Mehran Score.

Abbreviation: AUC, area under the curve.

Clinical Interventions in Aging 2022:17

https:

Dove:

73


https://www.dovepress.com
https://www.dovepress.com

Ma et al Dove

A B

— Nomogram — Nomogram
S _ — Al S 5 Al
o \ o \
—— None \ —— None
2 g 5 84
m © \ m o
o} ) o}
z z
o o
S+ ; S 4
o \ o \
0 7o) \
=3 \ S J
o | o }
! f T T T T ] ! f T T T T )
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
High Risk Threshold High Risk Threshold

Figure 7 Decision curve analysis for the training set (A) and the validation set (B). A horizontal line indicates that all samples are negative and not treated, with a net benefit
of zero. An oblique line indicates that all samples are positive. The net benefit has a negative slope.

800
J

— Number high risk

600
]

------ Number high risk with event

Number high risk (out of 800)
200 400
] ]

0.0 0.2 04 0.6 08 1.0
High Risk Threshold

[ I I I [ I I |

1:100 15 25 34 43 52 51 100:1
Cost:Benefit Ratio

Figure 8 The clinical impact curve of the validation cohort is drawn based on the nomogram. Clinical impact curve of the nomogram plots the number of CI-AKI patients
classified as high risk, and the number of cases classified as high risk with the event at each risk threshold.

74 https: Clinical Interventions in Aging 2022:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Ma et al

adverse events in patients with coronary artery disease. This is consistent with the results of our study. Therefore, the
application of these parameters in the model is more than adequate.

At present, some studies have suggested that female gender, hypotension, anemia, contrast volume, baseline renal
function, and other variables are independent risk factors for CI-AKIL.*** Estrogen adversely affects both the renin-
angiotensin system and renal blood perfusion.*® Erythropoietin inhibits apoptosis, promotes renal tubular epithelial cell
regeneration, and ameliorates the effects of ischemia and hypoxia-induced renal damage. Therefore, erythropoietin
deficiency in anemia individuals may lead to further deterioration of renal function.”” However, the present study did
not yield similar results, probably since 68% of the patients in the present study were male, and this significant gender
imbalance produced a bias. Simultaneously, Pre-procedure renal function was expected in the NSTE-ACS patients
enrolled in our study. Clinicians perform a thorough preprocedural evaluation of patients with high serum creatinine
levels. Interventional physicians who were aware of the pre-PCI renal function, apart from reducing the amount of
contrast used during the procedure, might have been more aggressive with hydration in patients that could tolerate it.***
Moreover, the current study concluded that complications and hemodynamic instability are more associated with the
development of AKI after contrast exposure than with large amounts of contrast and that reducing the amount of contrast
within a certain range does not reduce the risk of CI-AKL****! In our study cohort, there was no statistically significant
relationship between contrast dose and CI-AKI. In addition, this study was a retrospective analysis, there may be
differences in the collection of patient history, and we also expect that the factors in the final prediction model are
relatively simple and easy to determine.

Nomogram is a visual graph consisting of high and low different lines for predicting the incidence of a clinical event. In
this study, we finally included six predictive indicators: “age > 75 years,” “diabetes mellitus,” “FAR,” “LVEF,” “hsCRP,” and
“lymphocyte count” to establish a nomogram. The nomogram has good discriminatory power in the training and validation
cohorts. The validity and applicability of the model were demonstrated to some extent, making our risk prediction more
clinically attractive. Healthcare professionals can predict the incidence of CI-AKI after PCI based on the summation of
scores for each risk factor. In addition to the uncontrollable factors such as age, renal function status, and underlying disease,
healthcare professionals should enhance the management of controllable factors, such as adequate hydration therapy (eg,
saline, sodium bicarbonate) or combined medications, to actively prevent the occurrence of CI-AKI after PCIL.

In summary, our nomogram incorporates six risk factors readily available at patient admission. The strength of our
study is that the predictors in the model are routinely tested before PCI, which allows physicians to assess the risk of CI-
AKI and take further preoperative preventive measures to reduce the occurrence of CI-AKI by simple calculations before
PCI, which has high clinical application and worthy of further use.

Limitations

There are some limitations of this study. First, this is a single-center retrospective study, and the inherent limitations of
such studies inevitably affect the patient selection and produce selection bias. Second, some of the risk factors mentioned
in previous studies could not be obtained. Third, the cases in this study were from a single source, and although external
validation was available, the data were all from different periods in the same hospital, so multi-center and expanded
sample sizes are still needed further to evaluate the clinical predictive value of the model.

Conclusions

The risk score model developed in this study is a simple and accurate tool. Based on these six laboratories and clinical
parameters, clinicians can easily and accurately assess the individual risk of CI-AKI in patients before PCI and make the
right clinical decisions to plan and initiate the most appropriate disease management in time.

Ethics Approval and Informed Consent

The study was conducted in accordance with the Declaration of Helsinki and has been approved by the Medical Ethics
Committee of the Affiliated Hospital of Xuzhou Medical University. Due to the study being a retrospective analysis, the
review committee waived the requirement for written informed consent. Confidential patient information was removed
from the entire data set prior to analysis.
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