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Abstract
Introduction: The nephrotoxicity of modern contrast media remains controversial. Novel bio-
markers of kidney damage may help in identifying a subclinical structural renal injury not re-
vealed by widely used markers of kidney function. Objective: The aim of this study was to 
investigate clinical (contrast-induced acute kidney injury [CI-AKI]) and subclinical CI-AKI (SCI-
AKI) after intra-arterial administration of Iodixanol and Iopamidol in patients with an estimat-
ed glomerular filtration rate (eGFR) ≥60 mL/min/1.73 m2. Methods: This is a prospective ob-
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servational monocentric study. Urinary sample was collected at 4–8 h after contrast medium 
exposure to measure neutrophil gelatinase associated lipocalin (NGAL) and the product tissue 
inhibitor of metalloproteinase-2 and insulin-like growth factor-binding protein 7 ([TIMP-2] × 
[IGFBP7]), while blood samples were collected at 24 and 48 h after exposure to measure serum 
creatinine. Results: One hundred patients were enrolled, of whom 53 were exposed to Io-
dixanol and 47 to Iopamidol. Patients in Iodixanol and Iopamidol groups were comparable in 
terms of demographics, pre-procedural and procedural data. No patient developed CI-AKI 
according KDIGO criteria, while 13 patients reported SCI-AKI after exposure to iodine-based 
medium contrast (3 patients in Iodixanol group and 10 patients in Iopamidol group), defined 
by positive results of NGAL and/or [TIMP-2] × [IGFBP7]. A positive correlation was found be-
tween NGAL and [TIMP-2] × [IGFBP7] in the analysed population (Spearman’s rho 0.49, p < 
0.001). In logistic regression analysis, Iopamidol exposure showed higher risk for SCI-AKI com-
pared to Iodixanol (OR 4.5 [95% CI 1.16–17.52], p = 0.030), even after controlling for eGFR and 
volume of contrast medium used. Conclusions: This study showed that intra-arterial modern 
contrast media administration may have a nephrotoxic effect in a population without pre-
existing chronic kidney disease. Further investigations on larger scale are warranted to con-
firm if Iopamidol exposed patients to increased risk of SCI-AKI compared to Iodixanol.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Contrast-induced acute kidney injury (CI-AKI), previously known as contrast-induced 
nephropathy, occurs in up to 30% of patients who received intravascular iodinated contrast 
media and is generally considered to be the third most common cause of hospital-acquired 
AKI [1]. 

It is characterized by a decrease in renal function that occurs within days after the intravas-
cular administration of iodinated contrast medium. Definition of CI-AKI relies on serum creat-
inine [2, 3], a marker notoriously insensitive in detecting renal injury; a rise in serum creatinine 
may in fact become evident only when 50% of the renal mass or more is compromised [4]. 

Several AKI biomarkers have been identified [5] and their value lies in the ability to 
provide information particularly in patients without traditional signs of impaired renal 
function. Therefore, we recently proposed a new approach to CI-AKI, that included the use of 
biomarkers to bring to light subclinical insult after exposure to contrast agents [6].

To support this new approach, both neutrophil gelatinase associated lipocalin (NGAL) 
and urinary product of tissue inhibitor of metalloproteinase-2 (TIMP-2) and insulin-like 
growth factor-binding protein 7 (IGFBP7; [TIMP-2] × [IGFBP7]) have been shown to identify 
a subclinical renal injury at increased risk for adverse outcomes [7, 8]. As such, adoption of 
preventive or protective strategies may limit development and progression of AKI.

The aim of this study was to investigate CI-AKI and subclinical CI-AKI (SCI-AKI) occur-
rence after intra-arterial administration of contrast-medium in patients with eGFR ≥60 mL/
min/1.73 m2.

We hypothesized that AKI biomarkers may reveal the structural renal damage associated 
with intra-arterial administration of contrast media even in patients at low risk.

Materials and Methods

Study Design and Participants
This is a prospective observational monocentric study, aiming to evaluate CI-AKI after exposure to 2 

different types of iodinated contrast media. 
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All in-hospital and ambulatory adult patients who underwent iodinated contrast medium intra-arterial 
administration during non-emergent diagnostic and/or interventional neuroradiological procedure from 
February to August 2018 in San Bortolo Hospital were enrolled. Exclusion criteria were: < 18 years old; eGFR 
< 60 mL/min/1.73 m2; allergy to iodine and other composition of contrast medium; severe hyperthyroidism; 
pregnancy. 

Contrast Media Types
At our institution, 2 contrast medium types were used indistinctly during the study period: (1) Iodixanol 

(Visipaque 320, GE Healthcare, Chicago, IL, USA), an iso-osmolar contrast medium (IOCM); (2) Iopamidol 
(Isovue 370, Bracco Diagnostics Inc, Monroe Township, NJ, USA), a low-osmolar contrast medium (LOCM).

Data Collection and Measurements
Clinical data, information on medical history, laboratory parameters and type and volume of contrast 

medium used were evaluated and collected. Mehran risk stratification score was calculated to identify 
patients at higher risk of developing AKI [9].

Urinary sample for NGAL and [TIMP-2] × [IGFBP7] measurements were obtained in the first 4–8 h after 
exposure to contrast agents. Serum samples for measurement of serum creatinine were collected at 24 and 
48 h after the exposure. Serum creatinine was measured with an enzymatic method, Isotope dilution mass 
spectrometry was traceable by an automatic analyzer (Dimension Vista, Siemens Healthcare, Tarrytown, NY, 
USA), and estimated glomerular filtration rate (eGFR) was calculated with the CKD-EPI equation [10].

Urine samples were analyzed for biomarkers by technicians blinded to clinical date. [TIMP-2] × [IGFBP7] 
was analyzed by NephroCheck® (Astute Medical, San Diego, CA, USA). The ASTUTE140 Meter automatically 
multiplied the concentrations of the 2 biomarkers together and divided this product by 1,000 to report a 
single numerical test result with units of (ng/mL)2/1,000. 

NGAL was analyzed by Architect (Abbott Laboratories, North Chicago, IL, USA). Architect NGAL assay 
utilizes a non-competitive, sandwich format with chemiluminescent signal detection. The measuring interval 
of the ARCHITECT Urine NGAL assay is 10–1,500 ng/mL. 

Definitions
CI-AKI was defined according to KDIGO consensus criteria [3] as the increase in serum creatinine by 

≥0.3 mg/dL (≥26.5 μmol/L) or an increase of serum creatinine level 1.5 times the baseline. We considered 
as the baseline value, at least one serum creatinine level within the last 3 months before admission for all 
patients enrolled in the study. The baseline value was obtained by Biochemical Database of the Central Labo-
ratory of San Bortolo Hospital or by patient’s previous clinical check-up.

SCI-AKI was defined as positive results of NGAL and/or [TIMP-2] × [IGFBP7] values [11]. According to 
the optimal prediction of AKI, [TIMP-2] × [IGFBP7] value > 0.3 (ng/mL)2/1,000 was defined as positive and 
a value ≤0.3 was defined as negative [12]. According to the optimal prediction of AKI, NGAL ≥90 µg/L was 
defined as positive and a value < 90 µg/L was defined as negative [13]. NGAL values, which were < 10 ng/mL 
and > 1,500 ng/mL, were represented as 10 and 1,500 ng/mL, respectively, for all analyses. 

Statistical Analysis
Primary endpoints were CI-AKI within 48 h and SCI-AKI at 4–8 h after exposure to contrast-medium. 

Secondary endpoints were to identify potential risk factors for CI-AKI and SCI-AKI and to evaluate the neph-
rotoxicity of different types of contrast media, IOCM and LOCM. Continuous variables are presented as 
median and interquartile range, while categorical variables are described as number and percentage. 
Continuous data were analysed using Mann-Whitney U test, as appropriate and categorical data were 
analysed using Pearson Chi-square test. Correlation coefficients were calculated with the Spearman rank 
correlation coefficient test. Univariate logistic regression analysis was conducted to compare the odds of AKI 
with different iodinated contrast media. Multivariate analysis was thereafter assessed to adjust the results 
for potential confounder factors, (including demographics, comorbidities, pre-procedural and procedural 
parameters) identified as variables with p values < 0.20 in univariate logistic regression analysis. A p value of 
< 0.05 was considered statistically significant.

Statistical analysis was performed using the SPSS Software package.
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Table 1. Demographics, pre-procedural and procedural data in Iodixanol and Iopamidol groups

All patients Iodixanol group Iopamidol group p values

Patients, n 100 53 47
Demographics

Age, years 58 (48–72) 57 (48–71) 59 (49–72) 0.7
BMI 25 (23–27) 25 (22–28) 25 (23–27) 0.93
Gender, male 51 (51.0) 25 (47.2) 26 (55.3) 0.42

Pre-procedure parameters
Creatinine, mg/dL 0.78 (0.70–0.90) 0.77 (0.65–0.90) 0.78 (0.73–0.88) 0.63
eGFR, mL/min/1.73 m2 91 (79–104) 93 (81–104) 89 (78–103) 0.63
Hemoglobin, g/dL 14 (13–15) 14 (13–15) 14 (13–15) 0.32
Hematocrit, % 42 (40–45) 42 (39–45) 44 (40–45) 0.45

Comorbidities
Chronic heart failure, yes 1 (1.0) 1 (1.9) 0 (0.0) 0.34
Anemia, yes 6 (6.0) 5 (9.4) 1 (2.1) 0.12
Diabetes, yes 4 (4.0) 3 (5.7) 1 (2.1) 0.37
Asthma/COPD, yes 6 (6.0) 4 (7.5) 2 (4.3) 0.49
Cirrhosis, yes 0 (0.0) 0 (0.0) 0 (0.0) 1

Mehran risk score 1 (1–4) 1 (1–3) 1 (1–4) 0.97
Nephrotoxic medications

Metformin 3 (3.0) 2 (3.8) 1 (1.4) 0.55
Angiotensin-converting enzyme inhibitors 19 (19.0) 10 (18.2) 5 (10.6) 0.17
Angiotensin II receptor blocker 11 (11.0) 5 (9.4) 6 (12.8) 0.59
Non-steroidal anti-inflammatory drugs 1 (1.0) 0 (0.0) 1 (1.4) 0.29
Loop diuretics 5 (5.0) 3 (5.7) 2 (4.3) 0.75

Procedure
Interventional 33 (33.0) 18 (33.9) 15 (31.9) 0.83
Contrast induced volume, mL 88 (75–114) 85 (73–104) 91 (80–135) 0.29

Data are reported as number (percentage) for categorical variables and as median (interquartile range) for continuous vari-
ables. BMI, body mass index; eGFR, estimated glomerular filtration rate; COPD, chronic obstructive pulmonary disease.

Ambulatory or in-hospital patients underwent
intra-arterial contrast medium administration during

elective neuroradiological procedure
from February to August 2018

(n = 100)

lodixanol group
(n = 53)

lopamidol group
(n = 47)

Exclusion criteria
(1) <18 years old
(2) eGFR <60 mL/min/1.73 m2

(3) Iodine allergy
(4) Severe hyperthyroidism
(5) Pregnancy

Fig. 1. Flowchart of study design. eGFR, estimated glomerular filtration rate.
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Results

Subjects Baseline Characteristics
The study design is shown in Figure 1. We enrolled 100 patients, of whom 53 received 

Iodixanol and 47 Iopamidol. Characteristics of patients, comorbidities and pre-procedure 
data were reported in Table 1. No differences were found in terms of age, gender distribution, 
weight, height, body mass index, pre-procedural serum creatinine, eGFR, haemoglobin and 
hematocrit. The Iodixanol and Iopamidol groups reported similar percentages of chronic 
heart failure, anaemia, diabetes mellitus, asthma or chronic obstructive pulmonary disease 
and cirrhosis. The neuroradiological procedures were conducted with comparable amount of 
contrast medium in Iodixanol and Iopamidol groups. It is to be noted that a high range of 
contrast medium was used in each group (min–max 53–326 mL in Iodixanol group and 
47–465 mL in Iopamidol group). Mehran risk stratification scores were similar within the 2 
groups. 

Patient’s Outcomes
The outcomes are detailed in Table 2. No patients developed CI-AKI according to KDIGO 

consensus criteria. Figure 2 depicts the values of serum creatinine at baseline, 24 and 48 h 
after procedure and they were not statistically different between the 2 groups (all p > 0.05).

Table 2. Contrast-induced AKI

All patients Iodixanol groupIopamidol 
group

p value

Patients, n 100 53 47
CI-AKI 0 (0.0) 0 (0.0) 0 (0.0) 1.00
SCI-AKI 13 (13.0) 3 (5.7) 10 (21.3) 0.02*
NGAL ≥90 µg/L 5 (5.0) 1 (1.9) 4 (8.5) 0.13
[TIMP-2] × [IGFBP7] >0.3 (ng/mL)2/1,000 10 (10.0) 3 (5.7) 7 (14.9) 0.12
NGAL ≥90 µg/L and [TIMP-2] × [IGFBP7] 

>0.3 (ng/mL)2/1,000 2 (2.0) 1 (1.9) 1 (2.1) 0.93

Data are reported as number (percentage). * Significant results. CI-AKI, clinical contrast-induced acute 
kidney injury; SCI-AKI subclinical contrast-induced acute kidney injury; NGAL, neutrophil gelatinase-asso-
ciated lipocalin; [TIMP-2] × [IGFBP-7], urinary product of tissue inhibitor mtalloproteinase2 and insulin 
growth factor binding protein 7.
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Otherwise, SCI-AKI was found in 13 patients (3 patients in Iodixanol group and 10 
patients in Iopamidol group). In particular, 5 patients showed positive levels of NGAL (1 in 
Iodixanol group, and 4 in Iopamidol group) and 10 patients resulted positive for [TIMP-2] × 
[IGFBP7] values (3 in Iodixanol group and 7 in Iopamidol group). Only 2 patients were positive 
for both NGAL and [TIMP-2] × [IGFBP7] values. Biomarkers NGAL and [TIMP-2] × [IGFBP7] 
resulted similar in the 2 groups (Fig. 3).

Subclinical CI-AKI
We observed that patients exposed to Iopamidol had 3 times higher incidence of SCI-AKI 

compared to those who exposed to Iodixanol (77 vs. 23%, p = 0.020). 
Table 3 compares patients data based on the presence of SCI-AKI. We did not find any 

difference in terms of age, gender distribution, body mass index, percentages of comorbid-
ities, pre-procedural and procedural data or chronic use of nephrotoxic medications. Mehran 
risk scores were surprisingly lower in the patients who had SCI-AKI (p = 0.022). Patients with 
positive levels of NGAL reported also higher levels of [TIMP-2] × [IGFBP7], and patients with 
[TIMP-2] × [IGFBP7] positivity had higher NGAL values, as shown in Table 4.

NGAL and [TIMP-2] × [IGFBP7]
We assessed Spearman test to study the association between NGAL and [TIMP-2] × 

[IGFBP7] in all patients exposed to contrast medium. A positive correlation was found 
between these 2 biomarkers (Spearman’s rho = 0.49, p < 0.001; Fig. 4). 

Iopamidol as a Risk Factor for SCI-AKI
We also performed logistic regression analysis to evaluate the odds of SCI-AKI with 

Iopamidol relative to Iodixanol exposures. Iopamidol showed a significant higher risk for 

Biomarker Iodixanol group Iopamidol group p value
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Fig. 3. NGAL and NC values in iopamidol and iodixanol groups. CM1 refers to the Iopamidol group and CM2 
refers to the Iodixanol group. NGAL and [TIMP-2] × [IGFBP7] values were similar between the 2 groups. Me-
dian and interquartile range values are reported in the table above the charts. NGAL, neutrophil gelatinase 
associated lipocalin; [TIMP-2] × [IGFBP7], tissue inhibitor of metalloproteinase-2 and insulin-like growth 
factor-binding protein 7.
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SCI-AKI compared to iodixanol (OR 4.50 [95% CI 1.16–17.52], p = 0.030), even after adjusting 
for volume of contrast medium used and for eGFR values (Table 5).

Discussion

Contrast-induced nephrotoxicity is a major determinant of community and hospital 
acquired AKI episodes that lead to hospitalization and prolonged length of stay [14]. 

It is characterized by a decrease in kidney function that occurs within days after the intra-
vascular administration of iodine-based contrast medium [15]. Pathophysiological mecha-
nisms involve direct nephrotoxic effect of contrast agents to tubular epithelial cells, leading 
to tubular injury and functional loss, while indirect mechanisms are related to ischemic injury 
and vasoconstriction [15]. 

Table 3. Demographics, pre-procedural and procedural data according SCI-AKI

SCI-AKI No SCI-AKI p 
values(n = 13 (n = 87)

Demographics
Age, years 59 (47–69) 58 (49–72) 0.65
BMI, kg/m2 25 (23–28) 25 (23–27) 0.79
Gender, male 7 (53.8) 44 (50.6) 0.83

Parameters pre-procedure
Creatinine, mg/dL 0.77 (0.65–0.81) 0.78 (0.70–0.92) 0.17
eGFR, ml/min/1.73 m2 97 (90–104) 90 (78–104) 0.14
Hemoglobin, g/dL 14 (13–15) 14 (13–15) 0.99
Hematocrit, % 42 (38–45) 43 (40–45) 0.63

Comorbidities
Chronic heart failure, yes 0 (0.0) 1 (1.0) 0.69
Anemia, yes 1 (7.7) 5 (5.7) 0.78
Diabetes, yes 0 (0.0) 4 (4.6) 0.43
Asthma/COPD, yes 1 (7.7) 5 (5.7) 0.78
Cirrhosis, yes 0 (0.0) 0 (0.0) 1.00
Mehran risk score 1 (1–1) 2 (1–4) 0.02*

Nephrotoxic medications
Metformin 0 (0.0) 3 (3.4) 0.50
Angiotensin-converting enzyme inhibitors 3 (23.1) 16 (18.4) 0.69
Angiotensin II receptor blocker 1 (7.7) 10 (11.5) 0.68
Non-steroidal anti-inflammatory drugs 0 (0.0) 1 (1.1) 0.70
Loop diuretics 1 (7.7) 4 (4.6) 0.63

Procedure
Iopamidol administration 10 (76.7) 37 (42.5) 0.02*
Interventional 4 (30.8) 29 (33.3) 0.58
Contrast induced volume, mL 75 (73–90) 91 (75–135) 0.06

Biomarkers
[TIMP-2] × [IGFBP-7], (ng/mL)2/1,000 0.30 (0.28–0.53) 0.08 (0.04–0.14) <0.001*
NGAL, μg/L 76.40 (18.10–104.65) 5.20 (1.70–12.90) <0.001*

Data are reported as number (percentage) for categorical variables and as median (interquartile range) 
for continuous variables. * Significant results. BMI, body mass index; COPD, chronic obstructive pulmonary 
disease; eGFR, estimated glomerular filtration rate; SCI-AKI subclinical contrast-induced acute kidney injury; 
[TIMP-2] × [IGFBP-7], urinary product of tissue inhibitor mtalloproteinase2 and insulin growth factor binding 
protein 7; NGAL, neutrophil gelatinase-associated lipocalin. 
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We recently proposed a new concept of CI-AKI, which implies a potentially reversible 
injury or damage to the kidney occurring within hours or days after the exposure to contrast 
medium [4]. Even though kidney injury or damage may occur in the absence of kidney 
dysfunction, the diagnosis of CI-AKI is still made on a change in serum creatinine. However, 
a rise in serum creatinine or other biomarkers of renal function may become evident only 
when 50% or more of the renal mass is compromised [4]. 

In these circumstances, the adoption of biomarkers of cellular damage and cellular stress, 
such as NGAL and [TIMP-2] × [IGFBP7], may be useful to identify an early kidney structural 
damage. Moreover, these biomarkers have been shown to predict both short- and long-term 
outcomes after AKI [7, 8], suggesting their utility not only in diagnosis but also in AKI prognosis. 

Thereafter, we conducted this prospective study to evaluate biomarkers of kidney 
damage after exposure of 2 commonly used contrast media.

Although not directly examined, we hypothesized that the early use of appropriate 
biomarkers could potentially help clinicians to identify patients with renal stress and injury 
who may benefit from strict monitoring or early preventive interventions to limit AKI 
progression.

The main findings of our study were the subsequent: (1) in our population at low risk of 
developing CI-AKI, > 10% of patients had significant elevation of renal injury biomarkers 
revealing SCI-AKI; (2) patients exposed to Iopamidol had an increased risk of SCI-AKI 
compared to those who received Iodixanol.

Table 4. [TIMP-2] × [IGFBP7] and NGAL values according NGAL and [TIMP-2] × [IGFBP7] positivity

NGAL positivity NGAL negativity p value

[TIMP-2] × [IGFBP-7], (ng/mL)2/1,000 0.27 (0.11–0.43) 0.09 (0.05–0.19) 0.02*

[TIMP-2] × [IGFBP-7] 
positivity 

[TIMP-2] × [IGFBP-7] 
negativity

p value

NGAL, μg/L 57.25 (13.92–96.97) 5.55 (1.85–13.32) 0.001*

* Significant results. [TIMP-2] × [IGFBP-7], urinary product of tissue inhibitor mtalloproteinase2 and insulin growth factor 
binding protein 7; NGAL, neutrophil gelatinase-associated lipocalin. 
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Recent controlled studies suggested that the risk of CI-AKI was likely non-existent in 
patients with normal renal function, identified as an eGFR ≥60 mL/min/1.73 m2 [16, 17].

In our population, intended to be at low-risk of developing CI-AKI (also confirmed by low 
Mehran risk stratification scores), we did not observe any case of clinical CI-AKI defined by 
serum creatinine criteria. Otherwise, SCI-AKI, revealed by elevation of kidney injury 
biomarkers, was found in > 10% of patients undergoing intra-arterial contrast medium 
administration during diagnostic or interventional procedure. To the best of our knowledge 
this is the first study that suggested a potential nephrotoxicity of modern contrast media in a 
population without pre-existing chronic kidney disease. As we hypothesized, modern contrast 
media determined NGAL and [TIMP-2] × [IGFBP7] elevation that may reveal a renal structural 
insult, while serum creatinine remained silent. 

In fact, human kidneys have a significant functional reserve and rise in serum creatinine 
or reduction in glomerular filtration become evident only when 50% or more of nephrons is 
compromised [4].

Additionally, we found a direct correlation between NGAL and [TIMP-2] × [IGFBP7]. 
NGAL is expressed by both proximal tubules and distal nephrons, while TIMP-2 is expressed 
and secreted by distal tubule cells and IGFBP7 was expressed by proximal cells. Both 
biomarkers are markers of cellular damage and [TIMP-2] × [IGFBP7] specifically is a marker 
of cellular stress. A recent experimental study identified a variable expression pattern of 
TIMP-2 and IGFBP7 within proximal and distal tubules that can be found with and without 
colocalization of NGAL, suggesting the possibility for differential mechanistic and/or temporal 
profiles of regulation of these early AKI biomarkers [18]. This may explain how the 2 
biomarkers may be complementary in identifying a potential origin of tubular damage and 
how they may be informative on the pathophysiological mechanisms in the presence of 
CI-AKI.

This finding supports the hypothesis that both biomarkers increase because of cellular 
exposure to the toxic effect of iodinated contrast medium, which may have effect both on 
proximal and distal tubular epithelial cells.

The risk of CI-AKI is influenced by patient- and procedure-related factors [15]. The 
strongest patient-related risk factor is pre-existing chronic renal disease. Other comorbid-
ities, such as diabetes mellitus, and nephrotoxic comedications further increase the risk of 
AKI following angiographic procedures [19, 20]. Several studies have found evidence of a 
dose-dependent risk increasing with contrast-medium volume administered during the 
procedure [21, 22]. 

We analyzed risk factors commonly associated with CI-AKI, such as patient-related (age, 
comorbidities, chronic use of nephrotoxics) and procedure-related risk factors (volume of 
contrast medium and interventional procedure), but none of these showed any association 
with the elevation of AKI biomarkers. Even though in both groups we found cases of SCI-AKI, 

Table 5. ORs of SCI-AKI

Univariate analysis Multivariate analysis

OR 95% CI p value OR 95% CI p value OR 95% CI p value

Iopamidol 4.50 1.16–17.52 0.03* 4.97 1.25–19.80 0.02* 4.99 1.24–20.00 0.02*
Volume of contrast medium 0.98 0.95–1.00 0.10 1.60 0.91–2.82 0.10
eGFR 1.03 0.99–1.07 0.11 1.03 1.00–1.08 0.08

* Significant results. SCI-AKI subclinical contrast-induced acute kidney injury; eGFR, estimated glomerular filtration rate. 
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the iopamidol (LOCM) group was exposed 4.5 times more than iodixanol (IOCM) group. This 
is consistent with another current study in which intra-arterial administration of iodixanol 
was associated to lower risk of CI-AKI compared to LOCM [23], while in vitro and in vivo 
studies did not demonstrate significant differences in terms of nephrotoxicity between intra-
venous administration of low-osmolar and iso-osmolar contrast media [24–27]. Based on our 
results, other experiments are necessary to better understand if LOCM caused structural 
damage, not revealed by elevation in serum creatinine.

This study has several limitations. First, this is an observational study conducted in a 
modest sample size and therefore the results need to be confirmed by prospective randomized 
trial with a larger sample size. Second, we did not perform baseline measurement of NGAL 
and [TIMP-2] × [IGFBP7] prior to contrast medium exposure and this limit the quantification 
of the injury. Third, we evaluated a timeframe of 48 h without considering tardive elevation 
of serum creatinine. This reflects clinical practice where patients admitted for radiological 
procedure are dismissed up to 48 h after. Fourth, we did not perform AKI biomarkers in a 
control group without contrast medium administration.

Nonetheless, this study may be relevant for research in the CI-AKI field and can have 
clinical implication. This study showed a potential nephrotoxicity of modern contrast media 
in a population without pre-existing chronic kidney disease and therefore biomarkers should 
be considered to identify patients with renal damage who may benefit from preventive strat-
egies to limit the progression of the insult. The diagnosis of AKI may include also the subclinical 
condition and the epidemiology of the syndrome may significantly change. Further investiga-
tions on larger scale are warranted to better understand if Iopamidol exposed patients to an 
increased risk for SCI-AKI compared to Iodixanol. 
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