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Abstract

Objectives To estimate the incidence of contrast-induced acute kidney injury (CI-AKI) after intravenous (iv) iodinated contrast
material (ICM) exposure.

Methods This prospective cohort study included all consecutive patients who underwent radiological investigations using low-
osmolar iopamidol 370 mg/ml in a regional hospital over a period of 36 months, without any exclusion criteria. The estimated
glomerular filtration rate (¢GFR) was evaluated using the MRDR equation before (2—10 days) and after (24-36 h) radiological
investigations. CI-AKI was defined as a >25% decrease in eGFR from baseline. CI-AKI incidence was estimated using a
binomial distribution. The association between CI-AKI and demographic and clinical characteristics was modeled using logistic
regression.

Results The study included 1541 patients with a median age of 68 (1st-3rd quartiles 58—76) years with various comorbidities,
30% of whom had pre-existing CKD. Patients affected by stage III or IV chronic kidney disease (CKD) received an infusion of
0.9% normal saline (1.0-1.5 ml/kg/h) before and after iso-osmolar iodixanol administration. CI-AKI was observed in 33 patients
(2.1%,95% CI 1.5-3.0). The logistic regression analysis showed that antibiotic and statin therapies were significantly associated
with CI-AKI. The probability of developing CI-AKI decreased by 80% in patients taking statins (OR = 0.20, 95% CI 0.03; 0.68)
and increased approximately three times in patients with antibiotic therapy compared with those who did not take statins and
antibiotics (OR =2.92, 95% CI 1.21; 6.36).

Conclusions Our data suggest that low-osmolar iopamidol carries a low incidence of nephrotoxicity, even in subjects with various
comorbid conditions or reduced renal function.

Key Points

o [V administration of ICM carries a low incidence of nephrotoxicity, which was transient in observed patients.

* Statin therapy is negatively associated with AKI in patients exposed to ICM.

* Pre-existing impairment of renal function is not associated with AKI in patients exposed to ICM.
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Abbreviations

CI-AKI Contrast-induced acute kidney injury
CIN Contrast-induced nephropathy

CKD Chronic kidney disease

eGFR  Estimated glomerular filtration rate
ICM Intravenous iodinated contrast media
v Intravenous

Introduction

In the past 20 years, a large number of papers have warned of
the risk of renal functional impairment following iodinated
contrast material (ICM) administration [1].

As a consequence, radiologists developed increasing con-
cerns for using ICM in clinical practice, irrespective of the
type of investigation and the route of administration. In par-
ticular, much attention has been paid to patients with reduced
renal function and/or those affected by diabetes mellitus or
other comorbidities, since they are reported to be at a higher
risk of acute kidney injury (AKI) [2].

This attitude may potentially cause a loss of diagnostic
power in radiological investigation and, therefore, a loss of
accuracy in the final diagnosis.

In clinical practice, the current absolute and indiscriminate
fear of ICM administration—without any distinction among
the various radiological investigations—seems to be the result
of an incorrect perception of the problem. The majority of
published papers ignore that renal function may worsen after
ICM administration due to several factors that are frequently
not directly related to contrast material toxicity.

In particular, among the possible causes, atheroembolic
renal disease induced by cholesterol embolism is certainly
an underdiagnosed cause of renal impairment occurring in
patients undergoing intra-arterial procedures, without any re-
lationship to ICM administration. In addition, in this setting,
the risk of atheroembolic renal disease may be different, de-
pending on the use of radial or femoral access, the latter being
more frequently associated with side effects due to its prox-
imity to the renal arteries [3, 4].

Lack of accuracy in diagnosing the type and mechanisms
responsible for the decreased renal function reported after
ICM radiological investigations, along with the different
criteria used to define renal involvement, may explain the
large variability reported in the incidence of so-called
“contrast-induced nephropathy” (CIN). Indeed, the incidence
of CIN ranges from 1 to 2% to 33%, depending on the severity
of renal failure, the need for dialysis, and the long-term out-
come of the patient [5].

A recent meta-analysis of controlled studies examining the
incidence of CI-AKI in patients exposed to intravenous (iv)
ICM failed to show any statistically significant difference be-
tween patients who received ICM and patients who did not
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[6]. In line with this evidence, the existence of CI-AKI has
been questioned in several other studies [7—10]. In particular,
these studies suggest that changes in serum creatinine levels
observed after ICM exposure may reflect spontaneous fluctu-
ations rather than “real” AKI. However, an important limita-
tion of these studies is the lack of uniformity in data collection,
i.e., the volume of administered ICM, creatinine values, and
the time sequence between the administration of ICM and the
appearance of AKI [8, 11]. It is widely accepted that CI-AKI
develops within 24—72 h of ICM administration. Furthermore,
eGFR is a more accurate method than creatinine alone to eval-
uate renal function, as it considers other factors such as age,
race, and gender [12].

Thus, this study was designed to verify the real occurrence
of CI-AKI after ICM administration in everyday clinical prac-
tice by studying prospectively an unselected population of
patients who underwent radiological investigations in a single
regional hospital.

Materials and methods
Study design and patients

The study was designed as a prospective cohort study with the
aim of assessing the incidence of CI-AKI in patients that
underwent any radiological diagnostic investigation with iv.
ICM administration between 2012 and 2016 at the Radiology
Department of the regional hospital of Ancona, Italy, without
any inclusion or exclusion criteria.

Patients and data collection

Demographic and clinical data of the enrolled patients, includ-
ing diabetes mellitus, hypertension, and cardiovascular dis-
eases or pre-existing renal disease, were collected before ra-
diological investigation.

Patients were defined as having diabetes mellitus or arterial
hypertension if they received any glucose-lowering drug or
antihypertensive medications.

In addition, any drug therapy was recorded. Finally, the
type of radiological examination and the type and volume of
ICM administered were collected, as well as the final radio-
logical diagnosis and adverse drug reactions.

ICM and prophylaxis of renal function decrease

Patients affected by chronic kidney disease (CKD), stage I1I or
IV, received iso-osmolar iodixanol (VISIPAQUE, GE
Healthcare), while the remaining patients were administered
the low-osmolar contrast material iopamidol at 370 mg/ml
(Topamiro, Bracco).
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In accordance with the European Society of Urogenital
Radiology guidelines, these patients also received an infusion
0f 0.9% normal saline (1.0-1.5 ml/kg/h) before and after ICM
administration [13].

Evaluation of renal function

Nephrologists carried out the baseline patient evaluation by
examining their clinical history, drawing special attention to
events involving the kidneys and potential renal risk factors.
CI-AKI was assessed before (2-10 days) and after (24-36 h)
radiological investigation by measuring serum creatinine with
a standardized method in the same laboratory. Estimated glo-
merular filtration rate (¢éGFR) was calculated using the MRDR
equation [14]:

eGFR = 175 x (S¢r) ™" x (age) % x 0.742 [if female]
x1.212 [if African American]
where S, is serum creatinine in milligrams per deciliter.

Patients with pre-existing CKD were identified and strati-
fied according to the KDIGO guidelines [15] as follows:

stage I: eGFR >90%

— stage II: eGFR 60-89%
— stage III: eGFR 30-59%
stage I'V: eGFR 15-29%

A renal function change after contrast investigation was
defined as a >25% reduction of calculated eGFR from
baseline.

To investigate the possible relationship between eGFR
changes and different variables, patients were divided into
two groups according to whether they had a CI-AKI after
ICM investigation.

Follow-up

Patients with a CI-AKI underwent extended follow-up to as-
sess possible nephrological consequences.

*  Patients with normal renal function admission or stage I—
11 CKD: creatinine levels were determined 1 week after the
radiological investigation. If normal at 1 week, the follow-
up stopped. Otherwise, a further follow-up visit was per-
formed at 1 month, and then, if the creatinine level or
e¢GFR was normal, the follow-up stopped.

» Patients with stage III-IV CKD: creatinine levels were
determined 1 week and 1 month after the radiological
investigation. If normal at 1 month, the follow-up stopped.
Otherwise, a complete nephrological evaluation was per-
formed in order to establish whether any underlying

nephropathy, not directly related with CI-AKI, could be
involved.

Statistical analysis

A non-parametric approach was used for the statistical analy-
sis, since variables were not found to be normally distributed
using the Shapiro test.

The incidence of CI-AKI was evaluated as point and 95%
confidence interval (95% CI) estimates using the binomial
distribution.

Quantitative variables were summarized using the median
and interquartile range (first to third quartiles), and qualitative
variables were summarized as the absolute and percentage
frequencies.

Moreover, the odds ratios (OR) of CI-AKI for the main risk
factors considered were estimated by means of logistic regres-
sion analysis.

Drugs used by patients were recorded at baseline, and their
distributions were evaluated according to the presence or ab-
sence of CI-AKI. Comparisons between the two groups were
performed using Fisher’s exact test. A Wilcoxon-Mann-
Whitney test was used to compare quantitative variables be-
tween participants and non-participants and between CKD
and non-CKD patients.

A multiple logistic analysis was used to estimate the asso-
ciation between demographic and clinical characteristics and
CI-AKI. All estimates were expressed as OR and 95% Cls. A
likelihood ratio test was used to select the most parsimonious
model and to evaluate the model’s goodness of fit.

A level of probability lower than 0.05 was used to assess
the statistical significance, and the statistical analyses were
performed using R version 3.4.3 [16].

Good clinical practice and ethical aspects

The study was registered under the European Clinical Trials
Database (reference number: EudraCT 2012-004742-16) and
was approved by the Region Marche Ethics Committee. All
patients were consecutively enrolled, informed about the
study design and gave written informed consent to participate.

Results

The study was conducted in a hospital-based radiology depart-
ment in which both routine and emergency computed tomog-
raphy requiring iv ICM administration are carried out. A total
of 2271 patients were enrolled, but it was not possible to fully
evaluate 730 of the patients. No significant differences were
found between participants in the study and nonparticipants
with regard to their main characteristics, with the exception of
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age and the presence of hypertension (Supplementary
material, Table 1). Patients participating in the study were
significantly older and had hypertension significantly more
frequently. The final analysis was carried out on 1541 sub-
jects, whose main demographic and clinical features are re-
ported in Table 1.

Approximately one-third (28%) of the patients included in
the study had pre-existing impaired renal function. The pa-
tients with CKD stage III or IV (201, 13% of patients includ-
ed) received prophylactic measures as above described and
were studied using iso-osmolar iodixanol as the contrast ma-
terial. Six hundred thirty-nine (42%) patients were enrolled
from internal wards of the hospital. After the radiological pro-
cedure, CI-AKI was observed in 33 patients (2.1%, 95% CI
1.5-3.0). At the first follow-up (1 week), in all of the 33
patients who developed CI-AKI, renal function had returned
to baseline values (Fig. 1), and none of the patients developed
renal failure requiring dialysis treatment. As shown in Table 2,
the risk of CI-AKI was not significantly associated with clin-
ical conditions such as cardiovascular diseases, diabetes, or
hypertension or with renal function impairment before ICM
administration. Moreover, the frequency of CI-AKI was not
significantly different between in- and outpatients (16 (2.5%)
vs 17 (1.9%), respectively, p = 0.534). The median percentage
variation of eGFR was 0% (first to third quartiles — 8.5 to 9) in
non-CKD patients and — 5.4% (first to third quartiles — 15.6 to
1.7) in CKD patients (p <0.001).

The distribution of drugs used by the patients evaluated in
the study at baseline, according to the presence of CI-AKI, is
reported in Table 3. The majority of patients received several

Table 1 Distribution of the main characteristics of the patients at
baseline according to their inclusion in the study. Fisher’s exact test;
chi-square test; Wilcoxon-Mann-Whitney test

Variables N=1541
Age, years (median (1st-3rd quartiles)) 68 (58-76)
Gender males 959 (62.2%)
Cardiovascular disease 570 (36.9%)
Diabetes 237 (15.3%)
Hypertension 764 (49.5%)
Monoclonal gammopathy 11 (0.7%)
Pharmacological therapy* 1286 (83.4%)
Chronic kidney disease
No 1109 (71.9%)
Stage | 9 (0.58%)
Stage 11 222 (14.0%)
Stage 111 151 (9.7%)
Stage IV 50 (3.2%)

Numbers in the table refer to absolute (percentage) frequencies otherwise
indicated. *Any concomitant pharmacological treatments to which the
patients were exposed
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drugs; the percentage of patients receiving antibiotic therapy
was significantly higher in patients who developed CI-AKI
than in those who did not. The percentage of patients receiving
beta-blockers and of those receiving statin therapy was signif-
icantly higher in the group of individuals who did not develop
CI-AKI than in those who did. Regarding antibiotic therapy,
eight patients belonging to the CI-AKI group were treated
with fluoroquinolones, penicillin, or aminoglycoside.

The regression analysis showed that statin and antibiotic
therapies were significantly associated with AKI: the proba-
bility of developing CI-AKI decreased by 80% in patients
taking statins and increased about three times in patients with
antibiotic therapies with respect to those that did not received
statins and antibiotics, respectively (Table 4).

Discussion

The results of our prospective study suggest that iv ICM ad-
ministration carries a low incidence of nephrotoxicity. As de-
scribed, many subjects included in the study suffered from
diabetes mellitus or cardiovascular disease and, even more
relevant to the aim of the study, one-third of them had CKD
ranging from stage II to stage I'V. Previously reported papers
have associated these conditions with increased risk of neph-
rotoxicity [17-24]. In contrast, only 2.1% of the patients (33
patients) included in the present study experienced changes in
eGFR measured after the radiological survey (24-36 h) that
were greater than 25% compared with the value obtained be-
fore the radiological survey (2—10 days). It is very interesting
to note that 29 of the 33 patients with CI-AKI belonged to the
group with normal renal function, suggesting that compro-
mised renal function does not increase the risk of CI-AKI after
administration of iv ICM. These data are consistent with a
previous study conducted by McDonald et al. In particular,
this retrospective study was conducted on 12,508 internal pa-
tients (stratified for renal function) that underwent CT with or
without ICM. The authors concluded that the risk of CI-AKI is
independent of contrast material exposure, even in patients
with low eGFR [25].

In addition, in our study, only two patients with stage I1I—
IV CKD developed a CI-AKI that resolved within 7 days.
Considering that only patients with stage III-IV CKD had
received prophylactic treatment, our results may suggest that
prophylactic hydration in patients with stage I[II-IV CKD can
be convenient since the risk of CI-AKI in these patients was
not significantly different from that of patients with no CKD
or stage I-1I CKD. No definitive guidelines indicating a pro-
phylaxis protocol are currently available; hence, in the litera-
ture, the results are conflicting and new approaches are under
consideration [26-28]. For instance, the prospective study
conducted by Nijsse E et al concludes that hydration does
not reduce the risk of CI-AKI in the population with moderate
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Fig. 1 Enrollment and follow-up
of study participants

Table 2 Odds ratio and 95%
confidence interval of CI-AKI
according to the main demo-
graphic and clinical factors eval-
uated at baseline

Patients enrolled: Baseline eGFR
(2271)

Stage 1-2 CKD (1842)

Stage 3-4 CKD (429)

v

v

IV ICM radiological investigation |

e¢GFR 24-36 hrs after ICM administration

* (1541)
CI-AKI Normal
(33 (1508)

eGFR 1 week after ICM administration

follow-up

* 33
— Abnjrmal eGFR one l.n(?nth :Efter ICM
33 0 admlm(s)tratlon
v
follow-up
Risk factors No CI-AKI (n=1508) CI-AKI (n=33) OR (95% CI) P
Age, years (median 67.7 (58.2; 75.6) 68.6 (58.1; 74.5) 0.99 (0.97; 1.02) 0.576
(1st=3rd quartiles))
Gender (n (%))
Males 944 (62.6) 15 (45.5)
Females 564 (37.4) 18 (54.5) 2.01 (1.00; 4.07) 0.050
Cardiovascular disease (n (%))
No 924 (62.3) 23 (69.7)
Yes 560 (37.7) 10 (30.3) 0.72 (0.32; 1.48) 0.385
Diabetes (7 (%))
No 1259 (84.5) 27 (81.8)
Yes 231 (15.5) 6(18.2) 1.21 (0.45; 2.78) 0.675
Hypertension (n (%))
No 740 (49.7) 19 (57.6)
Yes 750 (50.3) 14 (42.4) 0.73 (0.36; 1.45) 0.370
Chronic kidney disease (1 (%))
No 1080 (71.6) 29 (87.9)
Stage | 9 (0.6) 0(0)
Stage 1T 220 (14.6) 2 (6.1) 0.34 (0.05; 1.13) 0.141
Stage 11T 149 (9.9) 2 (6.1) 0.51 (0.08; 1.68) 0.346
Stage IV 50 (3.3) 0(0)
ICM administrated volume 100 (85; 110) 100 (90; 110) 1.01 (0.99; 1.03) 0.281

(median (1st—3rd quartiles))
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Table 3  Drugs used in patients evaluated in the study at baseline, Table 4 Estimate of the association between clinical factors and the
according to the presence of CI-AKI probability of CI-AKI. Results of the logistic regression analysis

n (%) No CI-AKI (n=1474) CI-AKI (n=33) p Independent variables OR 95% CI P

ACE Inhibitors Statins therapy (yes vs no) 0.20 0.03; 0.68 0.030
No 1269 (86.1) 31093.9) 0.303 Antibiotic therapy (yes vs no) 2.92 1.21;6.36 0.012
Yes 205 (13.9) 26.1)

Angiotensin II receptor antagonists
No 1184 (80.3) 27 (81.8) 1
Y 290 (19.7 6 (18.2 . . .. .

Diuersetics (5D (182 led to overestimation of ICM renal toxicity. In support of this
No 1139 (77.3) 25 (75.8) 0.834  hypothesis, some authors suggest that CI-AKI may be induced

FXIZSS 335227 8(242) by different factors, sometimes merely due to transient hemo-
No 1208 (82) 25 (75.8) o036;  dynamic fluctuation [7-10, 29,‘30] or t(.) t.he damz.age of renal
Yes 266 (18) 8 (24.2) structure, frequently observed in the clinical setting of ICM

Calcium channel blockers radiological investigation [31].

I;I; 1%3 ggé; 3; 231';)) 0302 This toxicity may occur immediately or shortly after ICM

Beta-blockers administration, and recovery generally takes place in a few
No 1108 (75.2) 30 (90.9) 0.04 days. In contrast, the latter is induced by the embolism of

Aﬁ;latelet 366 (24.8) 30D cholesterol crystals mobilized by catheterization, leading to a
No 1302 (88.3) 30 (90.9) 1 more severe irreversible renal failure. It typically occurs after
Yes 172 (11.7) 30.D 4-5 days after the procedure, and it is sometimes associated

Anticoagulants i i
No 1276 (86.6) 30 909) 061 w1th. systejmlc‘symptoms such as blue toes and frequently
Yes 198 (13.4) 30.1) requires dialysis.

Oral hypoglicemic agents Another critical point is the extremely variable definition of
No 1314.(89.1) 29.(87.9) 0776 CI-AKI, which makes the reported studies poorly comparable
Yes 160 (10.9) 4(12.1) . ..

Statins and, usually based on changes in serum creatinine, led to the
No 1090 (73.9) 31 (93.9) 0.008 misleading assumption that every fluctuation occurring after

AY‘?; ; 384 (26.1) 26D ICM administration was due to CI-AKI. Furthermore, an in-

t . . . .
;(1) 1ones 1346 913) 25 (75.8) 0007  Crease in serum creatinine was observed even in patients who
Yes 128 (8.7) 8(24.2) did not receive ICM [6-10].

Antineoplastics The correct diagnosis of CI-AKI should be made on the
No 1394 (94.6) 33 (100) 0.416 basis of | histological inati howi ical tub
Yes 80 (5.4) 0.(0) asis of renal histological examination showing .typlcja ubu-

Antiviral, antifungals, and pesticides lar lesions but, of course, a study including this invasive pro-
No 1437.(97.5) 3207 0.573  cedure is not feasible in a large cohort of patients and is not
Yes 37 (2.5) 1(3) ethical

Corticosteroids : L . . . .

No 1292 (87.7) 26 (78.8) 0.176 Our results are in line with other studies carried out in pa-
Yes 182 (12.3) 7212 tients who underwent contrast-enhanced computed tomogra-

Generic antihypertensive drug s .

No 1349 (91.5) 3297 0517 phy, where renal consequences of ICM adm1n1strat10n were
Yes 125 (8.5) 13) scanty [32-34]. Of note, subjects included in our study were

Analgesics not only inpatients but also outpatients, which are more vulner-

I;IO 1?% 2311)9) 22 E?;g; 0.051 able to CI-AKI [35]. Interestingly, even patients with
€S . . . .

Other established CKD were not more prone to AKI following ICM
No 584 (39.6) 9 (27.3) 0.207  administration than people who had a normal eGFR. One
Yes 890 (60.4) 24 (72.7)

p value refers to Fisher’s exact test

renal impairment. Furthermore, Liu Y et al suggest that exces-
sive high volume of hydration may not be associated with a
reduced risk of CI-AKI. These conflicting data suggest that
further studies are needed to definitively clarify a prophylaxis
protocol. On the basis of these findings, we hypothesize that
data extrapolation from cardiological procedures (with infu-
sion of the ICM through percutaneous catheterization) may

@ Springer

should consider that all the patients with abnormal renal func-
tion received hydration with saline solution before ICM infu-
sion and that the radiological procedure was carried out with
isosmolar contrast material, according to the European Society
of Urogenital Radiology guidelines. Whether these measures
could have influenced the observed results is questionable.
Similarly, there is still doubt regarding the role of iso-
osmolar contrast media in preventing eGFR changes. Some
studies comparing contrast agent with different osmolality led
to controversial results, and the majority of the studies and
meta-analyses failed to demonstrate that iso-osmolar contrast
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materials are less nephrotoxic than the low-osmolar agents
[36-40].

In our study, the results of the CKD risk stratification as a
function of the baseline eGFR indicate that the incidence of
CI-AKI is similar in all patient subgroups. In line with this
finding, a recent large retrospective study excluded that any
eGFR subgroup is a risk factor for CI-AKI [25].

The role of concomitant drug therapies in patients under-
going radiological investigations with ICM is an interesting
issue, considering the potential nephrotoxicity of many drugs
and their possible interaction with ICM, which might nega-
tively affect renal function in some clinical settings.

With regard to drug administration, the present study
assessed an association between different classes of drugs
and CI-AKI. Our results suggest a negative association of
statins with AKI after ICM administration. This relationship
is consistent with findings already described in the literature
[41, 42], and it may rely on the “pleiotropic” effect of statins,
along with their ability to increase endothelial nitric oxide and
to reduce endothelin [43, 44].

On the other hand, in line with the literature, antibiotic
therapy seems to increase the probability of renal function
impairment after ICM, as shown by the multivariable logistic
regression analysis.

Our study has two main limitations. First, the creatinine
value needed for eGFR calculation after the radiological sur-
vey was not available for all of the patients (32%, excluded
patients). All of these patients were outpatients, so we do not
know if they developed CI-AKI or other abnormalities.
However, these patients did not differ from those included in
the study in terms of general characteristics. Second, the mea-
surement of creatinine before the radiological survey for out-
patients was performed 2—10 days before the radiological sur-
vey, whereas for inpatients, creatinine was measured 1-2 days
before the survey. Nevertheless, no significant difference in
the CI-AKI development was found between in- and outpa-
tients. Third, in our study, different ICM agents were used,
depending on the presence or absence of pre-existing CKD,
even though a retrospective study [11] has shown that the risk
of CI-AKI is independent of the ICM administered.

In conclusion, this study was performed in an unselected
cohort of patients, mostly elderly, with various comorbidities,
including patients with impaired renal function. The study
therefore reflected everyday clinical practice. Furthermore,
the results confirmed that iv ICM administration carries a
low incidence of renal impairment.

Saline infusion and iso-osmolar contrast media used in pa-
tients with more advanced renal failure might have contribut-
ed to the observed results, although their role in preventing CI-
AKI is still controversial [13].

We believe that ICM can be administered to all patients,
albeit with the necessary precautions as indicated by the
guidelines.
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