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Abstract
Contrast-associated acute kidney injury (CA-AKI) can occur after percutaneous coronary intervention (PCI). The Mehran score
is the gold standard for predicting CA-AKI risk, and it has recently been updated. The Mehran 2 CA-AKI risk score, based on
existing variables in patients undergoing PCI, can accurately differentiate the risk of CA-AKI. This study aimed to verify whether
the new Mehran score is applicable to the Asian PCI population. The study included the clinical data of 2487 patients undergoing
PCI from August 2020 to February 2022. The goodness-of-fit test (Hosmer-Lemeshow) was used to evaluate the correction
ability of the Mehran 2 score, and the area under the receiver operating characteristic curve (ROC) was used to evaluate the
accuracy of the Mehran 2 score in predicting CA-AKI. CA-AKI occurred in 28 of 2487 patients, with an incidence rate of
1.12%. The proportion of high risk factors for AKI in the cohort was lower than that in the Mehran 2 cohort (a large contem-
porary PCI cohort to develop the Mehran 2 score). The Mehran 2 risk score had excellent goodness-of-fit (χ2= 5.320, df= 6, P=
0.503) and high predictive accuracy (area under the ROC curve 0.836, P < 0.0001). The Mehran 2 score shows good predictive
and correction performance in the Asian population and has good clinical application value. The inclusion of the Mehran 2 risk
score in patients hospitalised for coronary angiography appears to be good practice.
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Introduction
With the increasing use of contrast agents in clinical diagnosis
and treatment, acute kidney injury caused by contrast agents,
namely, contrast-associated acute kidney injury (CA-AKI),
has gradually gained attention. CA-AKI is the third leading
cause of hospital-acquired acute kidney injury after renal hypo-
perfusion and nephrotoxic drugs.1,2 Patients undergoing percu-
taneous coronary intervention (PCI) typically have a high
prevalence of comorbidities and might also sustain acute hae-
modynamic disturbances; hence, contrast-associated acute
kidney injury has been studied extensively in the context of
PCI. CA-AKI can increase mortality and hospitalisation costs
and prolong hospital stay; however, there is no effective treat-
ment plan.3,4 Therefore, it is particularly critical to assess the
risk of CA-AKI, identify high risk groups, and provide
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preventive measures. The Mehran score is a CA-AKI risk
assessment score based on patients who underwent PCI in
2004.5 This risk score has been widely used in clinics and has
been validated in relevant studies.6,7 However, the Mehran
score excluded patients admitted for shock or acute myocardial
infarction. With significant advances in PCI, there have also
been developments in risk assessment and preventive measures
for CA-AKI, such as the use of hypotonic or isotonic contrast
agents instead of hyperosmolar agents as well as the
cautious use of contrast media dose volume, thereby reducing
the occurrence of contrast-related renal injury.8 Therefore,
Mehran et al investigated a contemporary simple risk score
for predicting CA-AKI after PCI (Mehran 2 CA-AKI risk
score) in November 2021.9 Patients who underwent PCI at a
large tertiary care centre from 1 January 2012 to 31
December, 2020, in the United States and had preoperative
and 48-h postoperative creatinine data were included.
Independent predictors of CA-AKI were derived from multivar-
iate logistic regression analysis. Model 1 included only preop-
erative variables and Model 2 included surgical variables.
Inclusion of intraoperative variables in the models improved
the distinction in risk scores only marginally (C-statistic in
the derived cohort: 0.72 for Model 1 and 0.74 for Model 2; in
the validation cohort: 0.84 for Model 1 and 0.86 for Model
2). Patients with CA-AKI had a significantly increased 1-year
risk of death (10.2% vs 2.5%; adjusted hazard ratio, 1.76;
95% confidence interval [CI] 1.31−2.36; p= 0.0002). The
Mehran 2 CA-AKI risk score, based on existing variables in
patients undergoing PCI, can accurately differentiate the risk
of CA-AKI.9

The identification of at-risk patients and appropriate preventive
management remain key factors for improving patient outcomes.
However, this score lacks verification data for the Chinese popu-
lation. This study retrospectively collected clinical data of patients
undergoing coronary angiography and interventional therapy in a
large tertiary first-class hospital to verify the validity of theMehran
2 score in the risk assessment of CA-AKI in the Asian population
and to provide clinical reference.

Materials and Methods

Patients
Data from 8950 patients who underwent PCI for the first time
between August 2020 and February 2022 in Fujian Medical
University Union Hospital, a Chinese regional medical centre,
were retrospectively collected. The following patients were
excluded: patients with no basal creatinine value before PCI (n
= 661), patients with no 48-h postoperative creatinine values (n
= 5712), patients with pre-PCI end-stage renal disease requiring
dialysis (n= 86), and patients with unobtainable preoperative
haemoglobin (n= 4). Finally, 2487 patients were included in
this study. PCI was performed according to standard techniques,
and the options for stents and surgical techniques were not
excluded. Routine hydration took place during the perioperative
period. This study was conducted in accordance with the

Declaration of Helsinki and approved by the Ethics Committee
of Fujian Medical University Union Hospital.

Definitions
The primary endpoint was acute kidney injury (AKIN). AKIN
was defined as an increase in serum creatinine of at least 50% or
at least 0.3 mg/dL within 48 h after PCI, compared with pre-PCI
serum creatinine.10–12 The Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) evaluation formula
was used to calculate the estimated glomerular filtration rate
(eGFR). Chronic kidney disease was defined as eGFR <60
mL/min/1.73 m2.13

Calculation of the Mehran 2 CA-AKI Risk Score
Model 2, which included postoperative parameters, only slightly
improved the risk score distinction; therefore, this study only val-
idatedModel 1, which included only preoperative variables. The
scoring method of Mehran 2 (Model 1) was as follows (table 1):
asymptomatic or stable angina, 0 points; unstable angina, 2
points; non-ST-elevation myocardial infarction (NSTEMI), 4
points; ST-elevation myocardial infarction (STEMI), 8 points;
eGFR (30-59 mL/min/1.73 m2), 1 point; eGFR (<30 mL/min/
1.73 m2), 4 points; left ventricular ejection fraction (LVEF)
<40%, 2 points; diabetes (non-insulin-treated), 1 point; diabetes
(insulin-treated), 2 points; haemoglobin <11 g/dL, 1 point; basal
glucose≥150mg/dL, 1 point; congestive heart failure on presen-
tation, 1 point; and age ≥75 years, 1 point. The total score of the
above variables was calculated and divided into 4 risk levels: low
risk (0-2 points), moderate risk (3-7 points), high risk (8-11
points) and very high risk (≥12 points).9

Statistical Analysis

Data Collection and Descriptive Statistics
Statistical Package for the Social Sciences 20.0 (IBM, Chicago,
IL, USA) was used for statistical analysis, and categorical or
dichotomous variables were expressed as absolute values and
percentages and were compared using the Pearson χ2 test.
Continuous variables are described as mean± standard devia-
tion (SD). Student’s t-test was used for comparisons of contin-
uous variables between the two groups of patients. In a
two-sided test, a P-value <0.05 indicated statistical significance.
All patients were scored according to the variables included in
the model and their weights.

A receiver operating characteristic (ROC) curve was used to
evaluate the predictive ability of the model for CA-AKI. A
model with a C-statistic >0.70 is generally considered to have
acceptable discriminatory capacity.14 The ability to correct
was tested using a goodness-of-fit test (Hosmer-Lemeshow
[H-L]) and a graph reflecting the agreement between model-
predicted probabilities and actual values.6,14 This test deter-
mines how closely the predicted event rate approximates the
observed event rate over a range of scores.
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Results

Baseline Characteristics
Among the 2487 patients, there were 1898 males and 589
females, with an average age of 64.30± 11.13 years. Of the
28 patients (1.13%) who developed AKI, all had serum creati-
nine increased by ≥0.3 mg/dL compared with the baseline
value. The serum creatinine level in 9 cases increased by
≥50% compared with the baseline value. The basic clinical
characteristics of the study cohort and the Mehran 2 cohort
are shown in Table 2. The mean age of the cohort in the
study was similar to that of the Mehran 2 cohort, but the
Mehran 2 cohort had a higher proportion of older age, lower
eGFR, higher prevalence of diabetes, higher proportion of
LVEF <40, higher prevalence of heart failure, and higher pro-
portion of stable or asymptomatic patients. The haemoglobin
values were similar. Overall, the proportion of high risk
factors for AKI was higher in the Mehran 2 cohort than that
in this cohort.

Table 3 shows the differences between patients with differ-
ent AKI outcomes. Patients with CA-AKI were older and had
a higher incidence of unstable angina, NSTEMI, STEMI, left
ventricular blood uptake fraction, basal blood glucose, insulin

use, haemoglobin level, and renal insufficiency. Patients in
our cohort were administered iohexol or iodixanol. There was
no statistical difference in the AKI outcomes between the two
drugs (P= 0.565).

Mehran 2 Score Population Distribution
According to the Mehran 2 score,9 the proportions of people
with low, moderate, high, and very high risks of AKI were
40.8% (n= 1015), 47.6% (n= 1184), 10.2% (n= 254), and
1.4% (n= 34), respectively. According to the diagnostic criteria
for AKI that the serum creatinine increased by ≥0.3 mg/dL or
≥50% from the baseline value within 48 h after the use of the
contrast agent, the incidence of AKI was 0.3%, 0.4%, 5.5%,
and 17.7% in the low, moderate, high, and very high risk
groups, respectively, and the incidence of AKI increased with
increasing risk.

Calibration and Discrimination
The area under the ROC curve for CA-AKI was 0.836 (95% CI
0.744−0.928, P < 0.0001) (Figure 1). The H-L test analysis
found that the Mehran 2 risk score had a very strong

Table 1. Mehran Versus Mehran 2 Risk Score (Model 1 for Mehran 2 Included Only Pre-Procedural Variables, Model 2 for Mehran 2 Included
Pre-Procedural and Procedural Variables).

Risk Factors Integer Score Risk Factors Integer Score

Mehran risk score
Hypotension 5 eGFR, mL/min per 1.73m2 40−60 2
Intra-aortic balloon pump 5 20−40 4
Congestive heart failure class III/IV 5 <20 6
Age>75 years 4 or
Anemia 3 Serum creatinine>1.5 mg/dL 4
Diabetes 3
Contrast media volume 1 for each 100cc3

Mehran 2 risk score
pre-procedural (Model 1) Procedural (other variables for Model 2)
Presentation Contrast volume, mL
Asymptomatic or stable angina 0 <100 0
Unstable angina 2 100−199 1
NSTEMI 4 200−299 2
STEMI 8 ≥300 4

eGFR, mL/min per 1.73 m2 Procedural bleed 4
≥60 0 Slow flow or no flow post procedure 2
30-59 1 Complex anatomy 1
<30 4

Left ventricular ejection fraction <40% 2
Diabetes
No diabetes 0
Non-insulin-treated 1
Insulin-treated 2

Haemoglobin <11 g/dL 1
Basal glucose ≥150 mg/dL 1
Congestive heart failure on presentation 1
Age >75 years 1

eGFR= estimated glomerular filtration rate. NSTEMI= non-ST-elevation myocardial infarction. STEMI= ST-elevation myocardial infarction.
Mehran total score: Low risk (0 to 5); Moderate risk (6 to 10); High risk (11 to 15); Very high risk (≥16).
Mehran 2 total score: Low risk (0 to 2); Moderate risk (3 to 7); High risk (8 to 11); Very high risk (≥12).
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goodness-of-fit (χ2= 5.320, df= 6, P= 0.503). Figure 2 shows
that the predicted and observed values of CA-AKI were almost
identical in the different risk groups.

Discussion
Here, we present the applicability of the Mehran 2 risk model
for predicting acute kidney disease induced by coronary

angiography in the Chinese population. The main results are
as follows: (1) the Mehran 2 risk score can predict the risk of
CA-AKI in patients undergoing coronary angiography; (2) the
area under the ROC curve was the same as the validation
cohort of Mehran 2 (0.836 vs 0.840, respectively).

Contrast-induced nephropathy is a common complication of
PCI, which can prolong hospital stay, increase treatment costs,
and lead to irreversible kidney damage and adverse outcomes

Table 3. The Association of Variables with CA-AKI in the Cohort.

Variable

CA-AKI

Statistics p-Value
YES NO
N= 28 N= 2459

Age 66.36 64.27 8.927 0.003
Age>75 10 386 8.286 0.004
Sex（female) 11 578 3.814 0.051
Stable angina or Asymptomatic 3 628 3.213 0.073
Unstable angina 4 1096 10.294 0.01
NSTEMI 9 537 1.716 0.19
STEMI 12 198 43.381 <0.001
Left ventricular ejection fraction<40% 6 86 24.987 <0.001
Diabetes 15 929 2.932 0.087
Insulin treated 12 259 29.793 <0.001
Basal glucose>150 mg/dL 13 349 23.131 <0.001
Congestive heart failure on presentation 1 27 15.22 0.217
Drug (Iohexol Injection) 26 2341 0.331 0.565
Dosage 67.76 66.71 0.033 0.856
Haemoglobin, g/L 130.07 134.84 6.056 0.014
eGFR, mL/min per 1·73 m2 67.34 82.18 13.659 <0.001

CA-AKI= contrastassociated acute kidney injury. NSTEMI= non-ST-elevation myocardial infarction. STEMI= ST-elevation myocardial infarction. eGFR=
estimated glomerular filtration rate.

Table 2. Comparison of Clinical Data Between Validation Cohort and Mehran 2 Score Cohort.

Mehran2’s Derivation
Cohort
(n= 14616)

Mehran2’s Validation
Cohort
(n= 5606)

Present Population
(n= 2487)

Age, years 66.2 (11.6) 67.0 (11.3) 64.30 (11.1)
Age>75 years 3701 (25.3%) 1535 (27.3%) 396 (15.9%)
Sex
Female 4268 (29.2%) 1481 (26.4%) 589 (23.7%)
Male 10348 (70.8%) 4125 (73.6%) 1898 (76.3%)

Diabetes
Diabetes 6967 (47.6%) 2573 (45.9%) 944 (38.0%)
Non-insulin-treated 4668 (31.9%)) 1631 (29.1%) 673 (27.1%)
Insulin-treated 2299 (15.7%) 942 (16.8%) 271 (10.9%)

Left ventricular ejection fraction<40% 1470 (10.1%) - 92 (3.7%)
eGFR, mL/min per 1·73 m2 73.4 (22.4) 75.1 (22.7) 82.0 (20.6)
Chronic kidney disease 4123 (28.2%) 1806 (32.2%) 540 (21.7%)
Congestive heart failure at presentation 1221 (8.4%) 754 (13.4%) 28 (1.1%)
Clinical presentation
Asymptomatic/Stable angina 8040 (55.0%) 3654 (65.2%) 631 (25.4%)
Unstable angina 4687 (32.1%) 797 (14.2%) 1100 (44.2%)
NSTEMI 1411 (9.7%) 946 (16.9%) 546 (22.0%)
STEMI 466 (3.2%) 209 (3.7%) 210 (8.4%)
Haemoglobin, g/dL 12.9 (1.7) 13.2 (1.8) 13.5 (1.8)

eGFR= estimated glomerular filtration rate NSTEMI= non-ST-elevation myocardial infarction. STEMI= ST-elevation myocardial infarction
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such as dialysis and even death.15,16 The pathogenesis of
CA-AKI is complex and may be related to contrast media neph-
rotoxicity, allergic reactions, and changes in renal haemody-
namics. The symptoms of most patients with CA-AKI include
mild and transient renal impairment; however, if the patient
has multiple risk factors at the same time, persistent renal
impairment may occur, which is life-threatening in severe
cases.1,17,18 Currently, there is no effective treatment option
for CA-AKI. Several preoperative preventive interventions,
including intravascular volume expansion, acetylcysteine use,
and statin use, can reduce the incidence of CA-AKI.19–21

Intensive preventive interventions may benefit high risk
patients with CA-AKI, and preoperative risk assessments as
well as intraoperative and postoperative risk management,
play key roles in improving patient outcomes. Physicians can
balance the benefits and risks of PCI angiography, choose the
best timing, and employ the most appropriate strategy to
avoid AKI.22

Common clinical risk factors for CA-AKI include aging,
hypertension, diabetes, chronic kidney disease (eGFR

decline), cardiac insufficiency, peripheral vascular disease,
anaemia, nutritional deficiencies, and the type and dosage of
contrast agents.6,23 More importantly, these risk factors have
an additive effect, and the accumulation of multiple risk
factors will directly lead to a significant increase in the risk of
AKI.24 There are many risk warning systems for CA-AKI,
and different models have a variety of predictors and risk
thresholds for the same predictor.25,26 The Mehran score is a
classic and the most commonly used scoring system; it has
long been used as the “gold standard” to measure the discrim-
inative ability of other novel pre-glance models.27 The system
was developed by Mehran et al in 2004,5 but it still has some
flaws. For example, it contains up to eight variables, including
perioperative variables, which greatly reduce the system’s clin-
ical application ability, especially for patients who need PCI
surgery due to acute myocardial infarction, with a C-statistic
of only 0.67; thus, standard risk scores developed in patient
cohorts nearly 20 years ago may no longer be the most accurate
option.9 The model was updated in 2021 by Mehran et al9 The
updated model is an AKI risk prediction score based on data

Figure 1. ROC curve for model.
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from 14616 PCI patients in the United States, including Model
1 with preoperative variables and Model 2 with additional post-
operative variables. Compared with the original Mehran score,
there was higher discrimination, and patients with STEMI were
included. The Mehran 2 score may be more aligned with predic-
tions in modern PCI populations, resulting in a reduced preva-
lence. Whether Mehran’s updated version can be widely used
has attracted much attention. The Mehran 2 score has not
been well validated externally in a large Chinese cohort, limit-
ing its use. Among the populations studied by Mehran et al,9

only 18.2% of the derivation cohort and only 3% of the valida-
tion cohort were Asian. Therefore, it is necessary to validate the
Mehran score for the Asian population.

Our study exclusively validated Model 1 for the following
reasons. Only eight common preoperative clinical variables
(age, clinical presentation, eGFR, congestive heart failure, dia-
betes, haemoglobin, basal glucose, and left ventricular ejection
fraction) were included in Model 1, which were got available.
Model 2 provided only a slightly higher discrimination than
Model 1, and preoperative variables were relatively easy to
calculate and predict. Compared with Model 2, Model 1 was
easier to promote and use in clinical practice. A variable
for contrast volume was also included in Model 2; however,
the required contrast dose is often unknown until surgery is
complete. Since decisions on diagnostic testing and preventive
treatment are often made before surgery, the inclusion of con-
trast volume as a model variable limits the usefulness of
Model 2.28

In our cohort, only 28 patients (1.13%) developed AKI,
which was lower than the 4.3% reported in the Mehran 2
cohort. This may be due to the fact that, compared with the
Mehran 2 study, we included fewer high risk factors, such as
a lower proportion of elderly patients, better preoperative

renal function, lower prevalence of diabetes, lower proportion
of LVEF <40, and lower prevalence of heart failure. These
are important variables that affect the outcomes of AKI. In addi-
tion, many patients in the study were excluded because they did
not have 48-h postoperative creatinine values, which could
explain the differences in AKI rates.

Related studies have reported that the incidence of CA-AKI
is 2–25%,29 which is different from our results. This may be due
to several factors. Chronic kidney disease is the strongest inde-
pendent risk factor for CA-AKI, and its incidence is closely
related to the degree of renal impairment before angiogra-
phy.30–32 The 2487 patients with CKD included in this study
had an average eGFR of 82 mL/min/1.73 m2, which may
further explain the low incidence of AKI. However, it may be
that CA-AKI has received a higher degree of attention at
present, and the preventive measures received by patients in
the hospital are more comprehensive and complete, therefore,
the incidence of CA-AKI has decreased. Another possible
reason is that there are two different sets of diagnostic criteria
for contrast nephropathy. The old standard was a >44 µmol/L
increase in serum creatinine 2–5 days after receiving the con-
trast medium or a 25% increase in serum creatinine from base-
line. The new criterion is defined as an increase in serum
creatinine of ≥50% or ≥0.3 mg/dL within 48 h after PCI. The
benefit of the new criterion is increased contrast nephropathy
sensitivity but decreased specificity.33

This study had some limitations. First, this was a retrospec-
tive study, and many cases were excluded due to failure creat-
inine measurement at 48 h after PCI, therefore, the incidence of
AKI may be underestimated. Further, the final number of
patients and events included was limited, which may have
affected the bias of the results. Additionally, single-centre
data was used to validate the model, therefore, the general

Figure 2. Observed versus predicted contrast-associated acute kidney injury from the Mehran 2 score.
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applicability of the results is limited. Therefore, larger cohort
studies are needed to verify whether the Mehran 2 score is
applicable to the current Chinese population.

Conclusions
Mehran 2, a new, updated, and contemporary user-friendly risk
score, shows good predictive and correction performance in the
Asian population and has high clinical application value. The
inclusion of the Mehran 2 risk score in patients hospitalised
for coronary angiography appears to be a beneficial practice.
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