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ABSTRACT
Objective: This is the first study to explore the risk factors for nephropathy caused by gadolin-
ium-based contrast agents and establish a prediction model to identify high-risk patients.
Methods: A total of 1404 patients who received gadolinium-based contrast agents in our hos-
pital were included. The participants were randomly assigned in a 7:3 ratio to the modeling and
validation groups. The modeling group was divided into a contrast-induced nephropathy group
and a non-contrast-induced nephropathy group. The clinical characteristics before the use of
contrast agents were compared between the two groups. The risk factors for contrast-induced
nephropathy were analyzed by logistic regression. A nomogram that could predict the incidence
of contrast-induced nephropathy was plotted. The validation group was used to verify the pre-
dictive model.
Results: The incidence of contrast-induced nephropathy caused by gadolinium-based contrast
agents was 3.92% (55/1404). The logistic stepwise regression analysis showed that sex, systolic
pressure (SBP), absolute neutrophil count, albumin, fasting blood glucose level, and furosemide
use were significant predictors of contrast-induced nephropathy caused by gadolinium-based
contrast agents. The above predictors were then included in the nomogram construction. The
area under the receiver operating characteristic (ROC) curve was 0.82 (p< 0.001). The specificity
and sensitivity corresponding to the optimal cutoff point (0.039) based on the area under the
ROC curve were 71.9% and 80.5%, respectively.
Conclusion: Sex, SBP, absolute neutrophil count, albumin, fasting blood glucose levels, and
furosemide use are significant predictors of contrast-induced nephropathy caused by gadolin-
ium-based contrast agents. Therefore, the incidence of contrast-induced nephropathy may be
estimated by the prediction model established in this study before the use of contrast agents.
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Introduction

With the increasing incidence of coronary heart disease,
coronary angiography and percutaneous coronary inter-
ventions have gradually improved. One study indicated
that approximately 8,000,000 L of contrast agents are
used worldwide every year [1]. However, with the appli-
cation of contrast agents, contrast-induced nephrop-
athy (CIN) is a growing concern. CIN is an acute renal
injury after the administration of contrast agents, and it
is the third most frequent cause of acute renal failure in
hospitalized patients, which leads to increased medical
expenses, irreversible renal injuries, prolonged hospital
stays, and increased mortality [2]. The incidence of CIN
varies widely in different reports. In a meta-analysis that
included 29 randomized controlled trials, the incidence

of CIN varied from 2% to 25% [3]. The incidence rate
depends on the diagnostic criteria of CIN, the risk fac-
tors, the amount and type of contrast agent used, the
type of radiographic operation, etc. For patients with
preexisting renal damage or with high-risk factors such
as diabetes, the incidence can even reach 50%. At pre-
sent, there is no clear treatment for CIN, so preventive
measures should be actively taken to avoid its occur-
rence, especially in high-risk patients. Therefore, CIN
has become a great concern for nephrologists, cardiolo-
gists, radiologists, angiologists, and interventionalists.

At present, some researchers have proposed differ-
ent models to predict the incidence of CIN. Mehran
et al. [4] proposed the CIN Mehran scoring model in
2004, and Gurm et al. [5] proposed a new CIN scoring
model with 15 variables in 2013. However, most of the
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CIN data were collected from iodine-based contrast
agents, while there are few studies on gadolinium-
based contrast agents, and to our knowledge, there is
no predictive model thus far. The KDIGO guidelines
make it clear that gadolinium-based contrast agents
can also cause acute kidney injuries [6]. The ESUR
guidelines indicate that gadolinium-based contrast
agents are more nephrotoxic at the same X-ray attenu-
ation dose than iodine-based contrast agents.
Therefore, exploring the risk factors for nephropathy
caused by gadolinium-based contrast agents is an
urgent clinical problem to be solved.

This study aimed to explore the risk factors for CIN
caused by gadolinium-based contrast agents in con-
trast-enhanced magnetic resonance imaging (MRI),
establish a predictive model, identify high-risk patients,
implement early interventions and fill the gaps in the
field regarding renal damage caused by gadolinium-
based contrast agents.

Methods

From 1 January 2016 to 28 February 2019, 20,059
patients who used gadolinium-based contrast agents
during hospitalization in Dongyang Hospital of
Wenzhou Medical University were screened. These data
were obtained using the Le Jiu scientific research

platform. The exclusion criteria were as follows: patients
with missing creatinine values at baseline (defined as
within 7 days before contrast agents’ administration) or
within 3 days after using contrast agents; patients aged
< 18 years; patients with a dosage of meglumine gado-
pentetate 6¼ 15mL; patients with missing values of
more than 20%; and patients on maintenance dialysis.
According to the inclusion and exclusion criteria, a total
of 1404 patients using gadolinium-based contrast
agents were included in this study, including 55
patients with CIN and 1349 patients with non-CIN. The
other 18,655 patients were excluded, including 18,058
patients who were missing creatinine values at baseline
or within 3 days after using contrast agents, 27 patients
who were under 18 years old, and 29 patients whose
gadolinium meglumine dosage was 6¼ 15mL (Figure 1).

According to the guidelines of the European
Association of Genitourinary Radiology, CIN was defined
as a 25% increase in the serum creatinine value from
baseline or as an increase of 0.5mg/dL (44.2 mmol/L) in
the absolute serum creatinine value within 3 days of
contrast agent administration. Ethical approval was
obtained from the hospital ethics committee (2019-
YX-053).

The variables included demographic and clinical
data before the use of contrast agents: age, sex, height,
weight, smoking history, drinking history, length of

Figure 1. Flowchart of subjects included in study.

742 H. ZHENG ET AL.



hospital stay, systolic blood pressure, diastolic blood
pressure, hemoglobin level, hematocrit level, red cell
distribution width, the absolute neutrophil count, the
absolute lymphocyte count, creatinine level, glomerular
filtration rate, uric acid levels, albumin levels, high-dens-
ity lipoprotein level, low-density lipoprotein level, trigly-
ceride level, cholesterol level, fasting blood glucose
level, lactate dehydrogenase level, creatine kinase iso-
enzyme level, total bilirubin level, alanine aminotrans-
ferase level, aspartate aminotransferase level, sodium
level, potassium level, calcium level, the international
standardized ratio, Pro-B-natriuretic peptide level, ejec-
tion fraction, diabetes, heart failure, myocardial infarc-
tion, liver cirrhosis, tumor, and the use of furosemide,
spironolactone, angiotensin II receptor blockers, angio-
tensin converting enzyme inhibitors, aspirin, celecoxib,
metformin, platinum chemotherapeutic drugs, kanamy-
cin, amikacin, and statins. The variables with missing
values of more than 20% were excluded. We dealt with
the missing data by using R multivariate imputation by
chained equation package. The estimated glomerular
filtration rate was calculated according to Chronic
Kidney Disease Epidemiology Collaboration formula [7].

Statistical analyses were performed using the R lan-
guage version 3.5.1 and SPSS version 26. Continuous
variables were expressed as mean± SD, and categorical
variables were expressed as actual numbers. The con-
tinuous variables with normal distribution were com-
pared by the t-test. The chi-square test was used to
compare the categorical variables. By using the random
sampling function of R language, 1404 patients using
gadolinium-based contrast agents were randomly div-
ided into the modeling and validation groups, and the
modeling group was statistically analyzed. According to
the backward stepwise regression analysis, the risk fac-
tors of CIN were explored, the minimum criterion of the
AIC was adopted, the prediction model was established,
and the prediction map of CIN was presented in a
nomogram. The clinical data of the validation group
was applied for validation. The receiver operating char-
acteristic curve (ROC) was used to evaluate the prog-
nostic accuracy of the model.

Results

In this study, 55 patients experienced CIN (3.92%), 31
patients were male (56%), aged 64.75 ± 13.60 years,
with baseline creatinine levels of 71.33 ± 78.77 mmol/L,
and glomerular filtration rates of 95.74 ± 27.26mL//min
1.73m2. Twenty patients had a history of smoking
(36%), 19 patients had a history of drinking (35%), and
the length of hospital stay was 13.56 ± 7.31 days. The

systolic blood pressure was 120.20 ± 18.89mmHg, the
diastolic blood pressure was 74.44 ± 13.29mmHg, the
hemoglobin level was 115 ± 23.75 g/L, and the hemato-
crit level was 35.31 ± 6.70%. There were 10 patients
with diabetes (18%), 20 patients using furosemide
(36%), and 14 patients using spironolactone (25%)
(Table 1). There were significant differences in the levels
of systolic blood pressure, hemoglobin, hematocrit, red
cell distribution width, absolute neutrophil count, abso-
lute lymphocyte count, the neutrophil/lymphocyte ratio
(NLR), albumin, high-density lipoprotein, fasting blood
glucose, furosemide use, and spironolactone use
between the two groups (all p< 0.05).

By using the random sampling function of R lan-
guage, 1404 patients using gadolinium-based contrast
agents were randomly divided into a modeling group
and a validation group at a ratio of 7:3. In the modeling
group, there were 650 males (66%), aged
63.60 ± 14.83 years, with a baseline creatinine level of
70.37 ± 32.23 mmol/L, and glomerular filtration rate of
92.12 ± 20.58mL/min 1.73m2. The systolic and diastolic
blood pressure were 130.08 ± 20.83mmHg and
76.53 ± 12.27mmHg, respectively. A total of 109
patients had diabetes (11%), 137 patients used fur-
osemide (14%), and 108 patients used spironolactone
(11%). There were no significant differences in inclusion
factors between the two groups (p> 0.05).

In the modeling group, 44 variables, including demo-
graphic characteristics and clinical data, were compared
between the CIN group and the non-CIN group
(Table 2). Logistic regression was used to analyze the
risk factors for CIN. Univariate logistic regression ana-
lysis showed that sex, systolic blood pressure, diastolic
blood pressure, hemoglobin level, hematocrit level, red
cell distribution width, absolute neutrophil count, the
neutrophil/lymphocyte ratio, albumin level, high-dens-
ity lipoprotein, fasting blood glucose level, furosemide,
and spironolactone use had p values that were less
than 0.1.

Using the minimum AIC criterion, the above varia-
bles were used to explore the best predictors for CIN by
backward stepwise regression analysis. The results
showed that sex, systolic blood pressure, the absolute
neutrophil count, albumin level, fasting blood glucose
level, and furosemide use were the best predictors of
CIN caused by gadolinium-based contrast agents, with
OR values of 0.435, 0.970, 1.086, 0.919, 1.207, and 2.310,
respectively. All p values were <0.05 (Table 3). A nomo-
gram was used to intuitively and effectively present risk
model results. The independent variable score was
assigned according to the coefficient (Figure 2). Finally,
a total score was calculated, and the higher the total
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score was, the higher the risk of CIN. The area under
the ROC curve of the model (AUC) was 0.820 (95%CI
0.766–0.874, p< 0.001) (Figure 3). The ROC curve
showed that the best cutoff value was 0.039, with a
specificity of 71.9% and a sensitivity of 80.5%. The data

of the validation group were substituted into the pre-
diction model for validation, and the AUC of the valid-
ation group was 0.723 (95%CI 0.584–0.861, p< 0.001)
(Figure 3).

Discussion

In this study, we used an integrated scientific research
platform to obtain data and set exclusion and inclusion
criteria, and finally included 1404 patients using gado-
linium-based contrast agents. The results showed that
sex, systolic blood pressure, the absolute neutrophil

Table 1. General characteristics of the study population.

Variable
Non-CIN
(n¼ 1349)

CIN
(n¼ 55) p Value

Sex 0.098
Female 444 (33%) 24 (44%)
Male 905 (67%) 31 (56%)

Age (year) 63.39 ± 14.67 64.75 ± 13.60 0.499
Creatinine (mmol/L) 70.80 ± 27.25 71.33 ± 78.77 0.902
eGFR (mL/min�1.73 m2) 91.68 ± 20.55 95.74 ± 27.26 0.157
CKD 0.661
Stage 1 799 (59%) 38 (69%)
Stage 2 444 (33%) 12 (22%)
Stage 3 95 (7%) 3 (5%)
Stage 4 10 (1%) 1 (2%)
Stage 5 1 (0%) 1 (2%)

Smoking history 570 (42%) 20 (36%) 0.386
Drinking history 489 (36%) 19 (35%) 0.797
Length of hospital stay

(days)
14.29 ± 11.13 13.56 ± 7.31 0.633

SBP (mmHg) 130.79 ± 20.54 120.20 ± 18.89 <0.001
DBP (mmHg) 77.02 ± 12.61 74.44 ± 13.29 0.138
HGB (g/L) 123.63 ± 22.13 115 ± 23.75 0.012
HCT (%) 37.08 ± 6.23 35.31 ± 6.70 0.040
RDW 0.13 ± 0.02 0.14 ± 0.03 0.011
NEUT (�109/L) 4.93 ± 3.15 6.62 ± 4.12 <0.001
LYMPH (�109/L) 1.32 ± 0.74 1.07 ± 0.54 0.011
NLR 5.11 ± 5.27 7.60 ± 5.06 0.001
Albumin (g/L) 37.17 ± 5.29 34.44 ± 5.38 <0.001
HDL (mmol/L) 1.00 ± 0.37 0.85 ± 0.29 0.003
LDL (mmol/L) 2.39 ± 0.94 2.38 ± 0.79 0.936
Triglyceride (mmol/L) 1.52 ± 1.16 1.55 ± 0.99 0.875
Triglyceride/HDL 2.14 ± 4.23 2.34 ± 2.21 0.729
Cholesterol (mmol/L) 4.18 ± 1.16 4.05 ± 1.13 0.414
FBG (mmol/L) 5.75 ± 1.82 7.23 ± 4.33 <0.001
UA (mmol/L) 286.32 ± 103.64 264.49 ± 121.82 0.129
LDH (U/L) 239.55 ± 152.33 254.98 ± 256.90 0.477
TBIL (mmol/L) 24.18 ± 42.35 26.29 ± 50.01 0.719
ALT (U/L) 74.04 ± 167.95 53.56 ± 115.88 0.371
AST (U/L) 71.63 ± 153.84 63.13 ± 106.67 0.685
Sodium (mmol/L) 140.64 ± 3.92 140.26 ± 3.97 0.480
Potassium (mmol/L) 3.94 ± 0.42 3.89 ± 0.41 0.452
Calcium (mmol/L) 2.23 ± 0.17 2.24 ± 0.27 0.547
Diabetes 148 (11%) 10 (18%) 0.097
Myocardial infarction 9 (1%) 0 (0%) 0.544
Liver cirrhosis 164 (12%) 5 (9%) 0.494
Tumor 521 (39%) 24 (44%) 0.455
Furosemide 180 (13%) 20 (36%) <0.001
Spironolactone 140 (10%) 14 (25%) <0.001
ARB 141 (10%) 4 (7%) 0.448
ACEI 30 (2%) 1 (2%) 0.841
Aspirin 80 (6%) 2 (4%) 0.477
Celecoxib 82 (6%) 1 (2%) 0.189
Metformin 27 (2%) 1 (2%) 0.924
Platinum chemotherapeutic

drugs
32 (2%) 2 (4%) 0.550

Statins 250 (19%) 8 (15%) 0.455

CIN: contrast-induced nephropathy; GFR: glomerular filtration rate; CKD:
chronic kidney disease; SBP: systolic blood pressure; DBP: diastolic blood
pressure; HGB: hemoglobin; HCT: hematocrit; RDW: red cell distribution
width; NEUT: the absolute neutrophil count; LYMPH: the absolute lympho-
cyte count; NLR: neutrophil/lymphocyte ratio; HDL: high-density lipopro-
tein; LDL: low-density lipoprotein; FBG: fasting blood glucose; UA: uric
acid; LDH: lactate dehydrogenase; TBIL: total bilirubin; ALT: alanine amino-
transferase; AST: aspartate aminotransferase; ARB: angiotensin II receptor
blockers; ACEI: angiotensin converting enzyme inhibitors.

Table 2. Univariate logistic regression analyses of CIN.
Variable p Value OR 95% CI

Sex (male ¼ 1, female ¼ 0) 0.087 0.577 0.308–1.082
Age (year) 0.509 1.007 0.986–1.029
Creatinine (mmol/L) 0.146 1.004 0.998–1.010
eGFR (mL/min�1.73 m2) 0.882 0.999 0.984–1.014
CKD stage 0.672 1.101 0.705–1.718
Smoking history 0.841 0.937 0.493–1.778
Drinking history 0.796 0.917 0.474–1.772
Length of hospital stay (days) 0.858 0.997 0.969–1.027
SBP (mmHg) <0.001 0.966 0.949–0.984
DBP (mmHg) 0.059 0.975 0.949–1.001
HGB (g/L) 0.003 0.980 0.967–0.993
HCT (%) 0.010 0.939 0.895–0.985
RDW 0.010 1.147 1.033–1.273
NEUT (�109/L) 0.002 1.118 1.041–1.202
LYMPH (�109/L) 0.107 0.644 0.377–1.100
NLR 0.035 1.047 1.003–1.092
Albumin (g/L) <0.001 0.888 0.838–0.941
HDL (mmol/L) 0.005 0.256 0.098–0.666
LDL (mmol/L) 0.998 1.000 0.721–1.389
Triglyceride (mmol/L) 0.614 1.058 0.849–1.320
Triglyceride/HDL 0.719 1.009 0.963–1.056
Cholesterol (mmol/L) 0.532 0.915 0.692–1.209
FBG (mmol/L) <0.001 1.203 1.093–1.324
UA (mmol/L) 0.426 0.999 0.996–1.002
LDH (U/L) 0.152 0.997 0.993–1.001
TBIL (mmol/L) 0.473 0.996 0.985–1.007
ALT (U/L) 0.152 0.996 0.990–1.002
AST (U/L) 0.291 0.998 0.993–1.002
Sodium (mmol/L) 0.356 0.965 0.894–1.041
Potassium (mmol/L) 0.670 0.850 0.403–1.794
Calcium (mmol/L) 0.754 1.333 0.220–8.073
Diabetes 0.218 1.693 0.732–3.919
Myocardial infarction 0.999 <0.001
Liver cirrhosis 0.561 0.733 0.257–2.092
Tumor 0.752 1.108 0.587–2.090
Furosemide <0.001 3.448 1.760–6.757
Spironolactone 0.002 3.190 1.550–6.568
ARB 0.773 0.838 0.253–2.775
ACEI 0.901 0.880 0.116–6.647
Aspirin 0.837 0.859 0.202–3.655
Celecoxib 0.318 0.361 0.049–2.668
Metformin 0.930 1.095 0.144–8.347
Platinum chemotherapeutic drugs 0.998 <0.001
Statins 0.380 0.653 0.253–1.690

CIN: contrast-induced nephropathy; GFR: glomerular filtration rate; CKD:
chronic kidney disease; SBP: systolic blood pressure; DBP: diastolic blood
pressure; HGB: hemoglobin; HCT: hematocrit; RDW: red cell distribution
width; NEUT: the absolute neutrophil count; LYMPH: the absolute lympho-
cyte count; NLR: neutrophil/lymphocyte ratio; HDL: high-density lipopro-
tein; LDL: low-density lipoprotein; FBG: fasting blood glucose; UA: uric
acid; LDH: lactate dehydrogenase; TBIL: total bilirubin; ALT: alanine amino-
transferase; AST: aspartate aminotransferase; ARB: angiotensin II receptor
blockers; ACEI: angiotensin converting enzyme inhibitors.
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count, albumin level, fasting blood glucose level, and
furosemide use were the best predictors of CIN induced
by gadolinium-based contrast agents. Then, a predic-
tion model was established, and a nomogram was used
to present the risk model results. Therefore, the inci-
dence of CIN could be estimated by the predictive
model before the use of contrast agents. This study is
the first to explore the risk factors for CIN caused by
gadolinium-based contrast agents and construct a pre-
dictive model. The model has good sensitivity, specifi-
city, is simple and convenient to use, and has important
practical value for identifying high-risk patients.

This study showed that the incidence of CIN caused
by gadolinium-based contrast agents was 3.92%. We
found that specific target populations, including
women and patients with hypotension and hypoalbu-
minemia, should avoid enhanced MRI as the preferred
examination. If MRI examination for a high-risk patient
is inevitable, the ESUR guidelines recommend that dia-
lysis be performed as soon as possible after the injec-
tion of a gadolinium-based contrast agent for removal.

Gilbert et al. [8] conducted an open-label, multi-
center prospective RESCUE study on patients with
stage 3–4 chronic kidney disease to compare the
renal safety of contrast-enhanced MRI with plain MRI
in high-risk patients with meglumine gadolinium. The
results showed that there was no significant differ-
ence in CIN incidence. This conclusion is consistent
with our study that baseline renal function is not a
predictor of CIN caused by gadolinium-based contrast
agents. Chien et al. [9] conducted a retrospective

Table 3. Multivariate logistic stepwise regression analyses
of CIN.
Variable p Value OR 95% CI

Sex (male ¼ 1, female ¼ 0) 0.016 0.435 0.221–0.859
SBP (mmHg) 0.001 0.970 0.953–0.988
NEUT (�10^9/L) 0.036 1.086 1.006–1.173
Albumin (g/L) 0.010 0.919 0.862–0.980
FBG (mmol/L) 0.001 1.207 1.085–1.342
Furosemide 0.032 2.310 1.076–4.958

CIN: contrast-induced nephropathy; SBP: systolic blood pressure; NEUT:
the absolute neutrophil count; FBG: fasting blood glucose.

Figure 2. Nomogram for predicting CIN.

Figure 3. ROC curve for the prediction model in the modeling
and validation groups.
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study and found that age, gender, baseline GFR, dia-
betes mellitus, hypertension, coronary artery disease,
and liver cirrhosis were not associated with acute kid-
ney injury (AKI) after administration of gadolinium-
based contrast agents. However, it is potential AKI
after administration of gadolinium-based contrast
agents under sepsis condition. The American Society
of Radiology no longer recommends that outpatients
be screened for renal function before using macrocyc-
lic gadolinium contrast agents.

After intravenous injection, meglumine gadopente-
tate was rapidly distributed to the extracellular fluid
and maintained a balance between plasma and intersti-
tial fluid, and the concentration in blood and tissue
reached its peak at 1min. It has a serum half-life of
20–100min. Within 24 h, approximately 90% is elimi-
nated via the kidney through glomerular filtration with-
out being affected by tubular secretion. Hemodialysis
can remove meglumine gadopentetate from the body.
Although the toxicity of lanthanide ions is well known
[10–12], the mechanism of nephrotoxicity caused by
gadolinium-based contrast agents is not fully under-
stood. Elmstahl et al. [13], in a study on pigs, injected
different concentrations of iodine-based contrast
agents or gadolinium-based contrast agents (meglu-
mine gadopentetate, gadolinium diamine) through the
right renal artery. Compared with iodine-based contrast
agents, gadolinium-based contrast agents have a
higher risk of nephrotoxicity. The main mechanisms are
that hyperosmotic stress leads to erythrocyte shrinkage
[14,15], endothelial cell injury, platelet accumulation,
microthrombosis [16], and microcirculation disturbance.
The above mechanisms of nephrotoxicity support the
osmolarity-related predictors derived from this study:
systolic blood pressure, albumin level, fasting blood
glucose level, and furosemide use.

The present study has shortcomings. First, there
was an insufficient number of cases. In particular, we
formulated stringent exclusion criteria. Thus, our
study may suffer from a patient selection bias. In
addition, this retrospective study included single-cen-
ter data from China and lacks an external validation
process. Multicenter, multinational, prospective studies
are still needed to justify causality and validate the
accuracy of the prediction model. Subsequently, a
web link or application could be created to predict
the incidence of CIN due to gadolinium-based con-
trast agents to facilitate clinical application. Finally,
the data of our study were obtained from platform,
and the major limitation was the lack of specific clin-
ical situations.

Conclusion

Sex, systolic pressure, the absolute neutrophil count,
albumin level, fasting blood glucose level and furosem-
ide use are significant predictors of CIN caused by
gadolinium-based contrast agents. Therefore, the inci-
dence of CIN may be estimated by the prediction
model established in this study before the use of con-
trast agents.

Acknowledgments

The authors thank American Journal Experts (AJE) for editing
the English text of a draft of this manuscript.

Disclosure statement

The authors have no conflicts of interest to disclose.

Funding

This work was supported by grants from Jinhua Science and
Technology Plan Project [No. 2020-3-020] and the Dongyang
Science and Technology Plan Project [No. 18-318].

ORCID

Wenkai Ren http://orcid.org/0000-0001-5856-7876

References

[1] Lopez-Ruiz A, Chandrashekar K, Juncos LA. Changing
paradigms in contrast nephropathy. J Am Soc
Nephrol. 2017;28(2):397–399.

[2] Mohammed NM, Mahfouz A, Achkar K, et al. Contrast-
induced nephropathy. Heart Views. 2013;14(3):
106–116.

[3] Eng J, Wilson RF, Subramaniam RM, et al.
Comparative effect of contrast media type on the inci-
dence of contrast-induced nephropathy: a systematic
review and meta-analysis. Ann Intern Med. 2016;
164(6):417–424.

[4] Mehran R, Aymong ED, Nikolsky E, et al. A simple risk
score for prediction of contrast-induced nephropathy
after percutaneous coronary intervention: develop-
ment and initial validation. J Am Coll Cardiol. 2004;
44(7):1393–1399.

[5] Gurm HS, Seth M, Kooiman J, et al. A novel tool for
reliable and accurate prediction of renal complications
in patients undergoing percutaneous coronary inter-
vention. J Am Coll Cardiol. 2013;61(22):2242–2248.

[6] Palevsky PM, Liu KD, Brophy PD, et al. KDOQI US com-
mentary on the 2012 KDIGO clinical practice guideline
for acute kidney injury. Am J Kidney Dis. 2013;61(5):
649–672.

746 H. ZHENG ET AL.



[7] Levey A, Stevens L, Schmid C, et al. A new equation
to estimate glomerular filtration rate. Ann Intern Med.
2009;150(9):604–612.

[8] Deray G, Rouviere O, Bacigalupo L, et al. Safety of
meglumine gadoterate (Gd-DOTA)-enhanced MRI
compared to unenhanced MRI in patients with
chronic kidney disease (RESCUE study). Eur Radiol.
2013;23(5):1250–1259.

[9] Chien CC, Wang HY, Wang JJ, et al. Risk of acute kid-
ney injury after exposure to gadolinium-based con-
trast in patients with renal impairment. Ren Fail. 2011;
33(8):758–764.

[10] Haley T, Raymond K, Komesu N, et al. Toxicological
and pharmacological effects of gadolinium and samar-
ium chlorides. Br J Pharmacol Chemother. 1961;17:
526–532.

[11] Spencer A, Wilson S, Batchelor J, et al. Gadolinium
chloride toxicity in the rat. Toxicol Pathol. 1997;25(3):
245–255.

[12] Yoneda S, Emi N, Fujita Y, et al. Effects of gadolinium
chloride on the rat lung following intratracheal instil-
lation. Fundam Appl Toxicol. 1995;28(1):65–70.

[13] Elmståhl B, Nyman U, Leander P, et al. Gadolinium
contrast media are more nephrotoxic than iodine
media. The importance of osmolality in direct renal
artery injections. Eur Radiol. 2006;16(12):2712–2720.

[14] Aspelin P. Effect of ionic and non-ionic contrast media
on red cell deformability in vitro. Acta Radiol Diagn
1979;20(1A):1–12.

[15] Aspelin P, Nilsson P, Schmid-Sch€onbein H, et al. Effect
of four non-ionic contrast media on red blood cells
in vitro. III. Deformability. Acta Radiol Suppl. 1987;370:
89–91.

[16] Alm�en T, Bergentz S, T€ornquist C, et al. Selective
nephroangiography in the dog causing renal platelet
aggregation and irregular nephrographic phase. Acta
Radiol Diagn (Stockh). 1985;26(5):627–634.

RENAL FAILURE 747


	Abstract
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgments
	Disclosure statement
	Funding
	Orcid
	References


