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Purpose: Development and validation of a nomogram model to predict the risk of Contrast-Induced Acute Kidney Injury (CI-AKI) 
after emergency percutaneous coronary intervention (PCI) in elderly patients with acute ST-segment elevation myocardial infarction 
(STEMI).
Patients and Methods: Retrospective analysis of 542 elderly (≥65 years) STEMI patients undergoing emergency PCI in our hospital 
from January 2019 to June 2022, with all patients randomized to the training cohort (70%; n=380) and the validation cohort (30%; 
n=162). Univariate analysis, LASSO regression, and multivariate logistic regression analysis were used to determine independent risk 
factors for developing CI-AKI in elderly STEMI patients. R software is used to generate a nomogram model. The predictive power of 
the nomogram model was compared with the Mehran score 2. The area under the ROC curve (AUC), calibration curves, and decision 
curve analysis (DCA) was used to evaluate the prediction model’s discrimination, calibration, and clinical validity, respectively.
Results: The nomogram model consisted of five variables: diabetes mellitus (DM), left ventricular ejection fraction (LVEF), Systemic 
immune-inflammatory index (SII), N-terminal pro-brain natriuretic peptide (NT-proBNP), and highly sensitive C-reactive protein-
(hsCRP). In the training cohort, the AUC is 0.84 (95% CI: 0.790–0.890), and in the validation cohort, it is 0.844 (95% CI: 0.762– 
0.926). The nomogram model has better predictive ability than Mehran score 2. Based on the calibration curves, the predicted and 
observed values of the nomogram model were in good agreement between the training and validation cohort. Decision curve analysis 
(DCA) and clinical impact curve showed that the nomogram prediction model has good clinical utility.
Conclusion: The established nomogram model can intuitively and specifically screen high-risk groups with a high degree of 
discrimination and accuracy and has a specific predictive value for CI-AKI occurrence in elderly STEMI patients after PCI.
Keywords: nomogram, elderly, risk prediction model, ST-segment elevation myocardial infarction, percutaneous coronary 
intervention, contrast-induced acute kidney injury

Introduction
Cardiovascular disease has been the leading cause of death worldwide. With the acceleration of population aging, the 
number of elderly patients with acute ST-segment elevation myocardial infarction (STEMI) is also increasing, posing 
a considerable challenge to social health care.1 Percutaneous coronary intervention (PCI) is currently the mainstay of 
treatment for patients with acute STEMI, but contrast-induced acute kidney injury (CI-AKI) occurs in 15–35% of 
patients after PCI.2

CI-AKI, a vital complication after PCI, is the third leading cause of hospital-acquired renal failure after renal artery 
hypoperfusion and nephrotoxicity of drugs.3 CI-AKI is closely associated with adverse clinical outcomes, more extended 
hospital stays, and higher medical costs.4,5 The increasing aging process means that more elderly patients are undergoing 
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PCI. The reduction of nephrons, insufficient renal function reserve, and more comorbidities in elderly patients make the 
elderly more sensitive to CI-AKI, with a higher probability of CI-AKI and a worse prognosis than the general 
population.6,7 Due to no effective treatment measures available for CI-AKI in clinical work, it is of great value to 
accurately identify high-risk elderly patients.8

Various risk scores for developing CI-AKI after PCI have been established in recent years.9–11 The Mehran score and 
the updated Mehran 2 CI-AKI risk score (Mehran Score 2 for short) have been widely validated.12,13 However, many risk 
scores have limitations, such as the low prediction accuracy of risk score models, the inclusion of variables not known 
before surgery, and the inappropriate definition of CI-AKI, leading to limited applicability in routine clinical practice.12,14

Nomogram is a simple and personalized visualization tool that combines the weighted scores of each risk factor to 
predict the occurrence of a specific outcome. Compared with the traditional prediction model, the nomogram model is 
more intuitive, easier to operate and calculate, and can integrate more prognostic factors to achieve individualized 
prediction, making it a potentially ideal model for predicting the incidence and prognosis of various diseases.15 

Therefore, this study established a prediction model of CI-AKI after emergency PCI in elderly patients with STEMI 
and verified its clinical effectiveness. Risk stratification was performed in elderly patients to provide more accurate 
guidance and a scientific basis for the early prevention of CI-AKI in elderly patients with STEMI after PCI.

Materials and Methods
Subjects
Between January 2019 to June 2022, 638, elderly patients (≥ 65 years old) with acute STEMI who underwent emergency 
PCI at Xuzhou Medical University Hospital were retrospectively analyzed (Figure 1).

Figure 1 The study flow diagram.
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Inclusion criteria: (1) Patients diagnosed with STEMI according to “the fourth universal definition of myocardial 
infarction”:16 (i): Troponins at least one occasion above the 99th percentile of the upper limit of the reference value; (ii): New ST- 
segment elevation occurred at J point in two adjacent leads, with ≥2 mm in lead V2-V3 (male, ≥40 years old); ≥1.5 mm (in 
women, regardless of age); Other leads were ≥1.0 mm. (2) Patients aged ≥65 years, and (3) Patients undergoing emergency PCI.

Exclusion criteria: 1. Chronic renal dialysis patients or those with severe hepatic abnormalities; 2. Inflammation 
(including active infection, systemic inflammation, and autoimmune diseases); 3. Patients with incomplete clinical data; 
4. Active malignant tumor; 5. Hematological disorders; 6. Exposure to radiocontrast or nephrotoxic drugs within 48h or 72h 
preoperatively. Finally, 542 patients remained in the study sample, which included 361 men. The mean age was 73.53 ± 
6.02, and all patients were randomized to the training cohort (70%; n=380) and the validation cohort (30%; n=162).

PCI Method and Medications
PCI was performed by experienced interventional cardiologists based on standard clinical practice. All patients received 
a loading dose of aspirin 300mg, clopidogrel 300mg or ticagrelor 180 mg, and 100 U/kg of intravenous heparin before 
PCI. The contrast agent used was a low-osmolar nonionic contrast agent with an osmotic concentration of 600–800 
mOsm/Kg. After the procedure, depending on the patient’s underlying physical condition, the patient was given an 
appropriate amount of fluid hydration by an interventional cardiologist to facilitate the metabolism of the contrast agent 
in the body.17

Clinical Endpoints
Diagnostic criteria for CI-AKI depend on the Kidney Disease: Improving Global Outcomes (KDIGO): an increase in 
serum creatinine (SCr) ≥26.5 μmol/L within 48 hours, or ≥1.5 times baseline SCr within seven days, or urine output 
<0.5 mL·kg−1·h for six consecutive hours after the administration of contrast agents.18,19

Data Collection
The basic clinical characteristics of the patients were collected, including basic information, previous diseases, surgery- 
related information, and medication. Antecubital venous blood samples were collected before and after PCI, and the 
blood samples were uniformly tested and reported in the hospital laboratory. The SII was derived by multiplying the 
neutrophil count by the platelet count divided by the lymphocyte count.20 Mehran score 2: 8 points for STEMI; 1 point 
for eGFR (30 ~ 59 mL.min−1 per 1.732 m), 4 points for eGFR (<30 mL.min−1 per 1.732 m); 2 points for left ventricular 
ejection fraction (LVEF) <40%;1 point for diabetes mellitus without insulin therapy; 2 points for diabetes mellitus treated 
with insulin; 1 point for hemoglobin <110 g/L; 1 point for fasting basal glucose ≥8.33 mmol/L; 1 point for congestive 
heart failure; 1 point for age ≥75 years. The total score of the above variables was the Mehran score 2.13

Statistical Analysis
SPSS version 26.0 and the R software package (version 4.1.2) were used to analyze the data statistically. The continuous 
data were tested by normality test, the data by normal distribution were expressed by 
%MathType!Translator!2!1!PlainTeX :tdl!PlainTeX !�x� s%MathType!End!2!1!, and Student’s t-test analyzed the compar-
ison between groups. Continuous variables that did not follow the normal distribution were represented as M (Q1, Q3), 
and a comparison between groups was performed using the Mann–Whitney U-test. Categorical data were expressed as 
n (%), and comparison between groups was analyzed using the χ²-test. Since the original values of NT-proBNP and SII 
were skewed, natural logarithm-transformed values were used for the statistical analysis. LASSO regression was used to 
screen non-zero coefficient features, and multivariate logistic regression was used to analyze the independent predictors 
of CI-AKI in elderly STEMI patients after PCI. The prediction model was constructed and evaluated in terms of 
discrimination ability, calibration ability, and clinical validity. The DeLong test was also used to compare the area under 
the ROC curve of the nomogram model with Mehran score 2. The Net Reclassification Improvement (NRI) and 
Integrated Discrimination Improvement (IDI) were calculated to determine how much the model improves the prediction 
accuracy and ability compared to Mehran score 2.
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Results
Training Cohort Baseline Characteristics
CI-AKI occurred in 13.9% (53/380) of the 380 elderly STEMI patients in the training cohort. The two groups’ clinical 
features and laboratory indicators are shown in Table 1 and Table 2. Significant differences were found between the CI- 
AKI and non-CI-AKI groups regarding clinical characteristics and laboratory indicators, including diabetes mellitus, 
LVEF, diuretics use, lymphocyte, platelet count, hsCRP, SII, CK-MB, cTnT, NT-proBNP, Basal blood glucose and 
Mehran score 2 (P < 0.05).

LASSO Regression and Multiple Logistic Regression Analysis
LASSO regression showed that, When λ takes the minimum value of 0.0208, 14 factors, including DM, LVEF, Ln SII, 
Ln NT-proBNP, hsCRP, diuretics use, Stent number per patient, monocyte count, platelet count, total cholesterol, HDL-C, 
sdLDL-C, lipoprotein (a), CK-MB were significant predictors (Figure 2A and B). Multivariate logistic regression 
analysis showed that DM, LVEF, Ln SII, Ln NT-proBNP, and hsCRP predicted CI-AKI independently (Table 3).

Table 1 Comparison of Clinical Features Among the Training Cohort

CI-AKI (n=53) No-CI-AKI (n=327) t/Z/χ2 Value P

Age (years) 73.75±5.64 73.68±5.99 0.09 0.929

Age≥75, n (%) 19 (35.8%) 110 (33.6%) 0.99 0.753
Male, n (%) 31 (58.5%) 214 (65.4%) 0.963 0.327

Hypertension, n (%) 23 (43.4%) 148 (45.3%) 0.064 0.800

Diabetes mellitus, n (%) 30 (56.6%) 91 (27.8%) 17.4 <0.001
Smoking, n (%) 18 (34.0%) 107 (32.7%) 0.032 0.858

Heart rate (times/min) 82.71±12.49 79.42±13.04 1.715 0.087
Systolic pressure (mmHg) 131.06±22.04 126.26±27.74 1.486 0.138

Diastolic pressure (mmHg) 77.94±10.20 75.87±12.96 1.108 0.269

Intra-Aortic Balloon Pump, n (%) 1 (1.9%) 9 (2.8%) 1.33 0.715
Aspirin, n (%) 53 (100%) 327 (100%)

Clopidogrel/Ticagrelor, n (%) 53 (100%) 327 (100%)

Statins, n (%) 52 (98.1%) 321 (98.2%) 0.001 0.979
ACEI/ARB, n (%) 31 (58.5%) 175 (53.5%) 0.455 0.500

Beta-blockers, n (%) 44 (83.0%) 264 (80.7%) 0.155 0.694

Nitrates, n (%) 29 (54.7%) 162 (49.5%) 0.489 0.485
Heparin, n (%) 38 (71.7%) 253 (77.4%) 0.818 0.366

CCB, n (%) 12 (22.6%) 45 (13.8%) 2.821 0.093

Diuretics, n (%) 40 (75.5%) 167 (51.1%) 10.950 0.001
ARNI, n (%) 12 (22.6%) 56 (17.1%) 0.945 0.331

LVEF (%) 47.74±6.06 53.2±6.22 −5.953 <0.001

Chronic heart failure n (%) 4 (7.5%) 17 (5.2%) 0.482 0.488
Culprit vessels, n (%)

Left Anterior Descending 30 (56.6%) 193 (59%) 0.74 0.110

Left Circumflex 18 (34%) 119 (36.4%) 0.733 0.117
Right Coronary Artery 22 (41.5%) 141 (43.1%) 0.826 0.048

Left Main 2 (3.8%) 7 (2.1%) 0.468 0.526

Multivessel coronary artery 
disease

19 (35.8%) 124 (37.9%) 0.773 0.083

Contrast medium>100 (mL) 30 (56.6%) 150 (45.9%) 0.147 2.107

Stent number per patient, n (%) 1.394 0.498
0 3 (5.7%) 25 (7.6%)

1 40 (75.5%) 259 (79.2%)

≥2 10 (18.9%) 43 (13.1%)

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor inhibitor; CCB, calcium channel blockers; ARNI, 
angiotensin receptor neprilysin inhibitor; LVEF, left ventricular ejection fractio.
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Establishment of the Nomogram
Five variables, including DM, LVEF, Ln SII, Ln NT-proBNP, and hsCRP, were included in this study to establish 
a nomogram model for predicting CI-AKI in elderly STEMI patients after PCI (Figure 3). First, the ROC curve was 
plotted to verify the model’s discriminatory ability. The AUC of the nomogram model in the training cohort was 0.84 
(95% CI: 0.790–0.890) (Figure 4A), indicating that the model is differentiated well. Meanwhile, Bootstrap internal 
validation was adopted, and a 1000 times simple resampling method was used for internal validation of the model. The 
result of the Hosmer-Lemeshow test was χ2=7.161 (P=0.519, P > 0.05), which proved that the model was well-calibrated. 
The calibration curve showed good consistency between the observed value (Apparent) and the predicted values of the 
model (Ideal), indicating that the model has a good calibration ability (Figure 5A).

Comparison of Nomogram with Mehran Score 2
According to the DeLong test, the AUC of Mehran score 2 was 0.674 (95CI: 0.625–0.721), and the nomogram model has 
better predictive ability than Mehran score 2 (Z=4.122, P ≤0.001) (Figure 6). The Net Reclassification Improvement 

Table 2 Comparison of Laboratory Indicators in the Training Cohort

CI-AKI (n=53) No-CI-AKI (n=327) t/Z/χ2 Value P

Neutrophil count(109/L) 8.03±3.11 7.61±2.75 1.019 0.309
Lymphocyte count(109/L) 1.10 (0.65, 1.70) 1.30 (1.00, 1.90) −2.686 0.007

Monocyte count(109/L) 0.44±0.26 0.47±0.24 −0.794 0.428

Red blood cell count(109/L) 4.48±0.50 4.48±0.51 0.031 0.975
Hemoglobin(g/L) 135.94±15.66 137.02±15.25 −0.476 0.635

Red blood cell distribution width 

(%)

12.93±0.98 12.86±0.73 0.600 0.549

Platelet distribution width (%) 15.30±1.85 14.66±2.51 1.752 0.081

Platelet count(g/L) 215.52±61.86 194.24±54.80 2.574 0.01
Mean platelet volume (fl) 10.10±1.51 9.99±1.18 0.574 0.566

hsCRP (mg/L) 12.3 (5.7, 33.1) 2.5 (1.1, 5.6) −7.642 <0.001

Ln SII 7.25±0.84 6.86±0.78 3.344 0.001
Blood urea (mmol/L) 7.32±3.24 6.51±2.21 1.758 0.084

Serum creatinine (µmol /L) 62.00 (43.50, 86.50) 62.00 (50.00, 76.00) −0.086 0.932

Uric acid (µmol/L) 301.58±104.53 303.29±90.45 −0.125 0.901
Cystatin C (mg/L) 1.09±0.55 0.99±0.26 1.391 0.170

eGFR(mL/min) 108.39±48.60 108.04±32.34 0.067 0.947

CK-MB (mg/L) 33.53 (4.86, 88.61) 14.36 (4.13, 38.59) −2.098 0.036
cTnT (ng/mL) 321.7 (67.58, 1304.50) 127.3 (32.57, 534.60) −2.367 0.018

Ln NT- proBNP 7.90±0.88 6.77±1.52 5.288 <0.001

Total cholesterol(mmol/L) 4.47±1.26 4.21±0.95 1.445 0.154
Triglycerides(mmol/L) 1.29±0.68 1.25±0.70 0.343 0.732

High-density lipoprotein(mmol/L) 1.12±0.26 1.04±0.25 1.958 0.051

Low-density lipoprotein(mmol/L) 2.77±1.09 2.62±0.84 1.210 0.227
Sd-LDL (mmol/L) 0.90±0.50 0.77±0.34 1.850 0.069

Albumin (g/L) 37.68±3.28 37.68±4.03 −0.009 0.993

Total bilirubin (µmol/L) 17.54±8.38 15.92±8.60 1.274 0.203
Direct bilirubin (µmol /L) 6.59±3.73 6.02±3.35 1.14 0.255

Fasting plasma glucose (mmol/L) 7.37 (5.86, 9.12) 5.90 (5.19, 7.32) −3.309 0.001

Fibrinogen (g/L) 3.14±1.35 3.01±0.95 0.821 0.412
D-Dimer(mg/L) 0.54 (0.32, 1.11) 0.47 (0.28, 0.85) −1.524 0.127

Fibrin Degradation Product(µg/mL) 2.9 (2.2, 4.7) 2.8 (1.9, 3.9) −1.817 0.069

Mehran score 2 9.98±1.62 9.09±1.19 4.802 <0.001

Abbreviations: hsCRP, High-sensitive C-reactive protein; SII, systemic immune-inflammation index; eGFR, estimated glomerular filtration rate; CK- 
MB, Creatine Kinase Myocardial Band; NT-proBNP, N-terminal pro-B-type natriuretic peptide.
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(NRI) was 0.1764 [95% CI: (0.0701,0.2828), p < 0.01] by comparing the nomogram model with the Mehran score 2, and 
the proportion of correct reclassification in the new model was 17.64% higher than that in the Mehran score 2. The 
Integrated Discrimination Improvement (IDI) was 0.1577[95% CI: (0.1026, 0.2128), p < 0.001], and the predictive 
ability of the new model was improved by 15.77% compared with that of the Mehran score 2.

Validation of the Nomogram
In the validation cohort, CI-AKI occurred in 21 patients (12.9%), and the AUC of the nomogram model was 0.844 (95% 
CI: 0.762–0.926) (Figure 4B). The Hosmer-Lemeshow test result was χ2=6.646 (P=0.575, P > 0.05). The plotted 
calibration curves showed good consistency and fit of the nomogram prediction model (Figure 5B).

Clinical Utility of the Nomogram Model
Finally, the DCA curves of the nomogram model in the training and the validation cohorts were plotted to verify the 
clinical validity of the model (Figure 7A and B). Compared to the two extreme cases, the net benefit of the nomogram 
was significantly higher in the training and validation cohorts. In addition, the clinical impact curve was further drawn, 

Figure 2 LASSO regression model screening predictors of CI-AKI. (A) The plot of each clinical characteristic coefficient against log(λ) by adjusting the parameter λ. (B) 
LASSO regression model cross-validation plot. Draw a vertical line at the optimum with the minimum criterion and 1se of the minimum criterion. When λ = 0.0208, we get 
14 variables for further analysis.

Table 3 Multivariate Logistic Regression Analysis for the CI-AKI After PCI in Elderly Patients with STEMI in 
Training Cohort

Variable β SE Wald χ2 OR (95% CI) P-value

DM −1.138 0.346 10.802 0.32(0.163,0.632) 0.001

LVEF −0.110 0.030 13.904 0.896(0.845,0.949) <0.001

Ln SII 0.573 0.230 6.228 1.774(1.131,2.781) 0.013
Ln NT-proBNP 0.345 0.143 5.849 1.412(1.068,1.867) 0.016

hsCRP 0.008 0.004 3.598 1.008(1.000,1.017) 0.058

Abbreviations: DM, Diabetes mellitus; LVEF, left ventricular ejection fractio; SII, systemic immune-inflammation index; NT-proBNP, N-terminal 
pro-B-type natriuretic peptide; hsCRP, High-sensitive C-reactive protein.
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and the red line represents the number of people judged as high risk by the model under different probability thresholds 
(Figure 8A and B). The blue lines represent the number of people the model judges as high risk and who experienced an 
outcome event at various probability thresholds. In conclusion, the nomogram has good clinical utility.

Discussion
With the further acceleration of population aging, an increasing number of elderly patients worldwide are undergoing 
procedures using contrast agents.21 CI-AKI is a complication of undergoing PCI and is one of the most common causes 
of hospital-acquired renal insufficiency.3 The poor clinical prognosis due to CI-AKI, as well as more extended hospital 
stays and increased treatment costs, have been important limitations for using contrast angiography, especially in high- 

Figure 4 ROC curve of the nomogram for predicting CI-AKI after PCI in elderly patients with STEMI. (A) ROC curve of the training set; (B) ROC curve of the validation 
set.

Figure 3 The nomogram for predicting the occurrence of CI-AKI after PCI in patients elderly with STEMI.
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risk patients with STEMI. Although the pathogenesis of CI-AKI has not been fully elucidated, it has been confirmed that 
it may be related to nephrotoxicity, inflammatory activation, oxidative stress, production of reactive oxygen species and 
renal medulla ischemia, and other factors.4,22 Therefore, early and accurate risk stratification and individualized 
preventive measures are of great clinical value.

The probability of CI-AKI in elderly patients after PCI is significantly increased, and the reason may be the 
substantial loss of nephrons caused by advanced age.6 At the same time, with the increase of age, vascular stiffness 
increases, and vascular endothelial function decreases in elderly patients, which reduces the possibility of rapid recovery 

Figure 6 The receiver operator characteristic curves of the nomogram and the Mehran Risk Score 2.

Figure 5 Calibration curve of the nomogram for the training set (A) and the validation set (B).
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of postoperative creatinine and increases the risk of CI-AKI in elderly patients.23–25 The prognosis of CI-AKI in elderly 
patients is worse than that in the general population, specifically manifested in the significantly increased incidence of 
cardiovascular adverse events and 1-year death after CI-AKI. In past studies, a series of risk stratification models 
combining laboratory indicators and surgical data have been validated. The Mehran score is a classic risk score, but its 
clinical application is limited due to the timeliness of the model and the exclusion of patients with acute myocardial 
infarction. Recently, Mehran developed a newer and simpler Mehran risk score 2, which includes eight easily accessible 

Figure 7 Decision curve analysis for the training cohort (A) and the validation cohort (B).

Figure 8 The clinical impact curve of the training cohort (A) and the validation cohort (B) are drawn based on the nomogram.
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clinical variables (age, coronary artery disease subtype, eGFR, diabetes mellitus, congestive heart failure, hemoglobin, 
fasting plasma glucose, and LVEF).13 However, most of these models classified the study population into risk categories 
(low, intermediate, or high risk). They did not explain how assigning risk categories would affect diagnostic or 
therapeutic decisions. At the same time, the previous CI-AKI risk-scoring models do not include inflammation-related 
indicators, which ignores the critical role of inflammation in the occurrence and development of CI-AKI.26

In this study, we developed and internally validated an elderly patient-specific risk model for predicting CI-AKI risk 
in elderly patients with STEMI undergoing PCI. We found that CI-AKI occurred in 74 of 542 elderly patients (13.6%) 
with STEMI after PCI in this study. Diabetes mellitu, decreased LVEF, increased NT-proBNP, increased SII, and 
increased hsCRP are independent risk factors for CI-AKI in elderly STEMI patients after emergency PCI. The prediction 
model of CI-AKI risk based on these five indicators showed good discrimination and calibration.

Previous studies have shown that diabetes is closely related to CI-AKI, and patients with diabetes are significantly 
more likely to develop CI-AKI than those without diabetes. Diabetes amplifies the susceptibility to underlying chronic 
kidney disease. The high glucose state of diabetic patients enhances the release of oxidative stress and ROS, which 
further induces the increased synthesis of vasoactive substances such as endothelin and angiotensin II. These mechanisms 
further lead to renal vasoconstriction, altered renal microcirculation, and distal ischemia. Ischemia can lead to increased 
oxygen free radicals and ROS formation, forming a vicious cycle.27,28 Our study results indicated that those with low 
LVEF were at an increased risk of developing CI-AKI. As a result of long-term low cardiac output, the tissues and organs 
of the patient may be hypoperfused, leading to impaired renal function.29

SII is a comprehensive inflammatory index introduced in recent years, which can more comprehensively reflect patients’ 
immune and inflammatory status. The study of AliBag˘cı pointed out that a high preoperative level of SII has predictive value 
for CI-AKI, which is consistent with the results of our research.30 Previous studies have shown that many neutrophils will 
mediate renal tubular injury when the body’s inflammatory activity increases. The release of large quantities of anti- 
inflammatory factors will lead to lymphocyte apoptosis, and the body’s immune and antioxidant defense is impaired, leading 
to endothelial dysfunction.31–33 Platelet activation can also secrete various pro-inflammatory cytokines to participate in the 
body’s immune process. The severe inflammatory response can lead to collective microcirculation disorders, increased platelet 
destruction, and reduced renal blood flow and oxygen supply.34,35 Therefore, increased SII levels may affect the occurrence 
and development of CI-AKI through the inflammatory pathway and hyperactive coagulation pathway.34

The results of previous studies have shown that NT-proBNP levels increase with age and that the occurrence of CI- 
AKI after PCI in elderly STEMI patients is associated with high NT-pro BNP levels, similar to the results of this 
study.36,37 NT-pro BNP is a stable biomarker synthesized and secreted in response to myocardial ischemia, cardiac 
pressure overload, or ventricular dilatation.38 NT-proBNP has diuretic and natriuretic effects and vasodilatory and 
adverse inotropic effects. It inhibits myocardial contractility by inhibiting Ca2+ ATPase in the sarcoplasmic reticulum 
of cardiomyocytes and weakening the impact of catecholamines, which aggravates renal hemodynamic changes and renal 
medullary ischemia, leading to decreased renal blood flow and perfusion. Consequently, the sympathetic nervous system 
and renin-angiotensin-aldosterone system are activated, forming a vicious cycle of renal vasoconstriction.37,39 At the 
same time, CI-AKI may be associated with the decrease in cardiac output caused by the increase of NT-ProBNP, the 
active tubule-bulb feedback, the growth of intra-abdominal pressure, and the expansion of venous vascular bed volume. 
Their interaction leads to kidney congestion, which further aggravates kidney damage.40

This study showed that high sensitivity C-reactive protein (hsCRP) was an independent risk factor for CI-AKI, and 
the hsCRP in patients with CI-AKI is higher than that without CI-AKI. As an inflammatory marker, hsCRP is an essential 
predictor of the onset and prognosis of cardiovascular and cerebrovascular diseases.41,42 The level of hsCRP is closely 
related to the body’s inflammatory state. High hsCRP can mediate the expression of adhesion molecules, reduce the 
production of NO, and damage the antioxidant defense function of endothelial cells, resulting in endothelial dysfunction, 
which has been considered to be an important factor in the occurrence of CI-AKI.41,43

The nomogram model constructed in this study has good discrimination ability and accuracy in the training and 
validation cohort. Its effectiveness and applicability have been verified to a certain extent, making our model more 
clinically appealing. Medical workers can predict the incidence of CI-AKI after PCI according to the sum of the 
corresponding scores of various risk factors. According to the results, medical workers should strengthen the 
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management of high-risk patients, such as adequate hydration, alkalization treatment, the use of relevant preventive 
drugs, and other ways to prevent CI-AKI after PCI actively.

Limitations
Our study has some limitations. Firstly, this was a single-center retrospective observational study, and there may be 
selection bias in including research subjects. Secondly, patients were not stratified by age for further analysis. Finally, the 
sample size of this study needs to be increased. Although internally validated, multi-centers and large sample sizes are 
required to evaluate the model’s value.

Conclusion
Our prediction model has good discrimination and accuracy for the elderly population, which allows physicians to assess 
the risk of CI-AKI through simple calculations before PCI and take relevant preventive measures to reduce the incidence 
of CI-AKI. It is worthy of further promotion and application.
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