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Abstract

The increasing number of examinations and interventional radiological procedures that require the administration of contrast
medium (CM) in patients at risk for advanced age and/or comorbidities highlights the problem of CM-induced renal toxic-
ity. A multidisciplinary group consisting of specialists of different disciplines—radiologists, nephrologists and oncologists,
members of the respective Italian Scientific Societies—agreed to draw up this position paper, to assist clinicians increasingly
facing the challenges posed by CM-related renal dysfunction in their daily clinical practice.

The major risk factor for acute renal failure following CM administration (post-CM AKI) is the preexistence of renal failure,
particularly when associated with diabetes, heart failure or cancer.

In accordance with the recent guidelines ESUR, the present document reaffirms the importance of renal risk assessment
through the evaluation of the renal function (¢GFR) measured on serum creatinine and defines the renal risk cutoff when the
eGFR is <30 ml/min/1.73 m2 for procedures with intravenous (i.v.) or intra-arterial (i.a.) administration of CM with renal
contact at the second passage (i.e., after CM dilution with the passage into the pulmonary circulation).

The cutoff of renal risk is considered an eGFR <45 ml/min/1.73 m2 in patients undergoing i.a. administration with first-pass
renal contact (CM injected directly into the renal arteries or in the arterial district upstream of the renal circulation) or in
particularly unstable patients such as those admitted to the ICU.

Intravenous hydration using either saline or Na bicarbonate solution before and after CM administration represents the
most effective preventive measure in patients at risk of post-CM AKI. In the case of urgency, the infusion of 1.4% sodium
bicarbonate pre- and post-CM may be more appropriate than the administration of saline.

In cancer patients undergoing computed tomography, pre- and post-CM hydration should be performed when the eGFR
is <30 ml/min/1.73 m2 and it is also advisable to maintain a 5 to 7 days interval with respect to the administration of cisplatin
and to wait 14 days before administering zoledronic acid.

In patients with more severe renal risk (i.e., with e€GFR <20 ml/min/1.73 m2), particularly if undergoing cardiological inter-
ventional procedures, the prevention of post-CM AKI should be implemented through an internal protocol shared between
the specialists who treat the patient.

In magnetic resonance imaging (MRI) using gadolinium CM, there is a lower risk of AKI than with iodinated CM, particu-
larly if doses < 0.1 mmol/kg body weight are used and in patients with eGFR > 30 ml/min/1.73 m2. Dialysis after MRI is
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indicated only in patients already undergoing chronic dialysis treatment to reduce the potential risk of systemic nephrogenic

fibrosis.
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Abbreviations
CI-AKI Contrast-induced acute kidney injury

CKD-EPI Chronic kidney disease—epidemiology
collaboration

CG Cockroft—Gault formula

eGFR Estimated glomerular filtration rate

ESUR European Society of Urogenital Radiology

KDIGO Kidney Disease: Improving Global Outcomes

MDRD Modification of diet in renal disease study

NaBic Sodium bicarbonate

NSF Nephrogenic systemic fibrosis

NSAID Nonsteroidal anti-inflammatory drug

NYHA New York heart association

PC-AKI  Post-contrast acute kidney injury

PCI Percutaneous coronary intervention

Introduction

At the present time, the number of diagnostic and inter-
ventional radiology examinations with contrast agents is
increasing all over the world.

Current contrast agents are safer than those used in the
recent past. However, they can cause a risk of renal impair-
ment. Acute alterations in renal function after contrast agent
administration are more common with the use of iodine-
based, but they have been described occasionally with the
use of gadolinium-based ones [1].

The occurrence of post-contrast acute kidney injury leads
to longer hospital stay and increasing costs, morbidity and
mortality [2]. The increasing rate of this complication is
due to imaging examinations requiring the administration
of contrast agent and in particular in patients with risk fac-
tors for contrast medium nephropathy, such as chronic renal
failure, advanced age, dehydration, diabetes, severe cardio-
vascular disease, concomitant nephrotoxic drugs (includ-
ing NSAIDs—nonsteroidal anti-inflammatory drugs, some
antibiotics, some oncological drugs and cyclosporine) and
repeated radiological examinations for oncological controls.

Over the years, knowledge of risk factors and imple-
mentation of preventive actions have improved, allowing to
reduce the incidence of renal damage after the administra-
tion of contrast agent [3—8]. This paper will discuss risk
factors of renal damage, especially related to iodine-based
contrast agents, and analyze preventive actions to assess and
reduce the risk of acute renal failure in clinical practice,
considering that it may be due to other causes.
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Definitions and terminology

e Post-contrast acute kidney injury (PC-AKI)—deterio-
ration of renal function within 48 h after intravascular
administration of contrast agent.

e Contrast-induced acute kidney injury (CI-AKI)—the
term is reserved for cases in which a causal relationship
between the administered contrast agent and the deterio-
ration of renal function can be demonstrated.

According to the KDIGO (Kidney Disease: Improving
Global Outcomes) guidelines, PC-AKI is diagnosed in
case of an absolute increase in serum creatinine > 0.3 mg/
dl (44 umol/L) within 48 h, or relative increase of > 1.5-1.9
compared to baseline, within 7 days or a diuresis < 0.5 ml/
Kg of weight for at least 6 h after contrast agent administra-
tion [9].

It is important to consider other renal impairment causes
or predisposing factors for PC-AKI, such as hypotension,
hypovolemia and association with nephrotoxic drugs.

The pathophysiology of PC-AKI has been studied in sev-
eral animal and human studies, but it is still not completely
understood [10, 11].

Contrast agent effect is mediated by two main mecha-
nisms that concurrently act: direct toxicity on renal tubular
cells and ischemic damage from tissue hypoxia [10-17].

Patients at risk for PC-AKI have some risk factors
(advanced age, diabetes, renal insufficiency, anemia, car-
diovascular disease) that result in reduced renal vasodilatory
capacity (reduced functional renal reserve), associated with
endothelial dysfunction and atherosclerosis [18-20].

The incidence of PC-AKI varies depending on the modal-
ity of administration:

e Intravenous administration is not associated with
an increased incidence of PC-AKI in subjects with
eGFR >30 ml/min/1.73 m2 [21-26].

e In intra-arterial administration with second-pass renal
exposure, the contrast agent injected into the right heart
and pulmonary arteries or directly into the carotid, sub-
clavian, brachial and mesenteric arteries, as well as into
the subrenal aorta and iliac and femoral arteries, reaches
the renal arteries after dilution; this administration has
the same risk than intravenous administration [8];

e In intra-arterial administration with first-pass renal
exposure, the contrast agent injected into the left heart,
thoracic and suprarenal abdominal aorta, and selectively
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into the renal arteries, reaches the renal arteries during
the first pass; patients undergoing these procedures have
frequently comorbidities, and it is difficult to distinguish
the effects due to the administration of contrast agent
from those due to other concomitant causes [8, 25, 26],
such as, for example, in endovascular interventional pro-
cedures, the risk of cholesterol emboli [8].

Identification and staging of patient at risk
of PC-AKI

Risk factors for PC-AKI have been mainly studied in patients
undergoing cardiologic procedures (coronarography and per-
cutaneous coronary intervention—PCI); so, those results
cannot be applied to the intravenous administration [27-29].
Anyway, preexisting renal insufficiency represents the major
risk factor, followed by diabetes, advanced age, heart fail-
ure, hypovolemia, myocardial infarction, anemia, peripheral
vasculopathy, and the use of nephrotoxic drugs (some anti-
biotics, some anticancer drugs, NSAIDs, cyclosporine). In
addition, the presence of pre- and intra-procedure hypoten-
sion, the use of a cardiac counterpulsator, and multiple, close
(<72 h) administrations have been identified as risk factors.
Recently, hyperglycemia [30], metabolic syndrome, hyper-
uricemia [31], hyperhomocysteinemia [32] and atrial fibril-
lation [33] have also been associated with worsening renal
function, while there is no evidence that the use of ACE
inhibitor drugs or angiotensin receptor blockers is associated
with an increased incidence of PC-AKI [34].

Diuretic drugs may be a risk factor in hypovolemia, but
not when associated with adequate hydration or in the heart
failure.

Myeloma and other paraproteinemias are not generally
risk factors, but may lead to PC-AKI if associated with dehy-
dration, renal failure or hypercalcemia [35, 36].

In urgency setting, patients with acute myocardial infarc-
tion may have a very high risk of PC-AKI [37]. In these
cases, the risk is related to hemodynamic instability of the
patient, to the lack of time for prophylaxis (see below) and
to the high doses of contrast agent needed [38].

It is important to underline that serum creatinine alone is
not a good index of the patient’s renal function because its
value increases significantly only when the GFR is reduced
to 50% and that serum creatinine represents the balance
between creatinine produced by the muscles and that elimi-
nated by the kidney.

The measure of glomerular renal filtrate (GFR) obtained
from serum creatinine with the MDRD (Modification of Diet
in Renal Disease Study) formula [39] or with the CKD—
EPI (Chronic Kidney Disease—Epidemiology Collabora-
tion) formula [40] represents the marker of renal function
to be used for screening the renal risk of patients. ESUR

(European Society of Urogenital Radiology) guidelines
(GLs) recommend the use of the CKD—EPI formula [8].

The GFR measurement obtained from the two formulas
is normalized to 1.73 m? body surface area and does not
consider the patient’s body weight.

For these reasons, it may be suggested to measure renal
filtrate with the Cockroft—-Gault (CG) formula [41] (which
consider body weight) in patients with significantly reduced
body weight, in whom the MDRD or CKD EPI formulas
overestimate renal filtrate compared with the CG formula.

In pediatric patients, the Schwartz formula has been vali-
dated as more reliable than the previous formulas used [8].

It is important to define what level of GFR is associated
with the risk of PC-AKI.

The 2018 ESUR LGs [8] indicate an eGFR of less than
45 ml/min/1.73 m? for intra-arterial administrations with
first renal pass and less than 30 ml/min for intravenous and
intra-arterial administrations with second pass.

It is recommended that baseline eGFR be assessed on
creatinine value performed within 7 days in patients with
unstable or hospitalized renal function, whereas a 3-month
interval is considered correct in other patients [8].

Key points

Serum creatinine alone is not a good index of a patient’s renal
function because its value increases significantly only when the
GFR is reduced to 50%

The GFR value obtained from serum creatinine with the MDRD
formula or the CKD—EPI formula is the marker of renal
function to use in screening patients for renal risk. The ESUR
GLs recommend the use of the CKD—EPI formula. The GFR
measurement obtained from the two formulas is normalized to
1.73 m? of body surface area and does not consider the patient’s
body weight

Renal filtrate can be measured with the Cockroft—-Gault formula in
patients with significantly reduced body weight

We recommend assessing baseline eGFR on creatinine value per-
formed within 7 days in patients with unstable or hospitalized
renal function, whereas a 3-month interval is considered correct
in other patients

Chronic renal failure is considered the major risk factor in

the oncological patient, but only for an eGFR <30 ml/min-
ute/1.73 m? as measured by the Cockroft—Gault formula

The optimal dose of contrast agent
It is well known that the dose of contrast agent administered

is a risk factor for PC-AKI, and in fact all guidelines recom-
mend to avoid high doses, especially in patients at risk.
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The optimal dose to be proposed probably does not exist,
and in the literature there are reports that even a small dose
can cause PC-AKI in high-risk patients. Therefore, it is rec-
ommended to administer the minimum dose sufficient to
obtain the diagnostic information [42-45].

Renal damage prevention
Hydration

Hydration represents the gold standard of the preventive
therapy of PC-AKI [46-52].

The efficacy of hydration is explained by the protective
action of circulating volume expansion against vasoconstric-
tion due to contrast agent and by increased diuresis, which
reduces the direct contact toxicity of the drug on renal tubu-
lar cells [50, 51].

In recent years, there has been interest in the literature
in the use of sodium bicarbonate (NaBic), with discordant
results [53-61].

In accordance with ESUR guidelines [8], intravenous
(e.v.) hydration is recommended as a preventive measure for
patients with moderate risk of PC-AKI (e.v. or intra-arterial
administration with second renal passage with GFR <30)
using either NaBic 1.4% 3 ml/Kg/hr for 1 h before adminis-
tration, or saline 1 ml/Kg/hr for 3—4 h before and 46 h after
administration.

In patients with intra-arterial administration with renal
first pass and GFR <45 ml/min/1.73 m?2, it is recommended
intravenous hydration with NaBic 1.4% 3 ml/kg in the hour
before administration, maintained at 1 ml/kg/hr for 4-6 h
thereafter, or saline 1 ml/Kg for 3—4 h before and 4-6 h
thereafter [8].

The meta-analysis by Meier [59] and the more recent one
by Zhang [60] show that NaBic is more useful than saline
when there is no time to perform prolonged hydration, and
that could be more indicated in emergency procedures.

For outpatients, the need for intravenous hydration may
represent a logistical problem for both departments of radiol-
ogy and nephrology.

For this reason, it is recommended that each hospital has
a protocol for the prevention of PC-AKI for both outpatients
and inpatients at risk that also considers the logistical aspect
(where to perform the prevention intravenous therapy).

Medical therapies in the prevention of PC-AKI
N-Acetylcysteine and statins
To date, there is no evidence on the efficacy of NAC toward

PC-AKI prevention; the 2018 ESUR guidelines do not rec-
ommend its use [8].

@ Springer

Studies on patients undergoing cardiological procedures
have suggested that the use of statins at high dosage (ator-
vastatin 80 mg or rosuvastatin 20-40 mg) could reduce the
risk of PC-AKI [8, 62, 63]. However, the relevant bias of
these observations led ESUR guidelines to advice against
their use [8].

Radiologic procedures performed in non-deferrable
emergencies

Because of the efficacy of intravenous hydration with 1.4%
NaBic performed 1 hour before iodine-based contrast agent
infusion, this strategy can be proposed in radiological exami-
nations/procedures performed in urgency in patients at risk
of PC-AKI [59, 60].

In patients at increased risk of PC-AKI, the diuresis
assessment and monitoring should be considered. It is rec-
ommended in hospitalized patients at increased risk, because
of the presence of comorbidities added to preexisting renal
insufficiency, such as heart failure, neoplasms and surgical
issues, to achieve a diuresis > 100 mL/hour before adminis-
tration of the contrast agent and in the following 12 h.

In patients with heart failure, hydration should be com-
bined with the diuretic to achieve an adequate increase in
diuresis, thus avoiding worsening the edema status.

Patients with a very high risk of PC-AKI

An important and topical issue, considering the higher mor-
bidity and age of patients who must undergo interventional
examinations and procedures with contrast agent, concerns
the mode of prevention in patients with severe preexisting
renal insufficiency (GFR <20 ml/min/1.73 m?) in whom the
use of contrast agent represents a risk of further worsening
and possible entry into dialysis.

In patients with severe heart failure (NYHA—New York
Heart Association class 3—4) or with preexisting severe
chronic renal failure (GFR <15, CKD 5), the hydration pro-
tocol should be “personalized” and decided on a multidis-
ciplinary setting [8].

There is no evidence of the effectiveness of dialysis meth-
ods toward the prevention of PC-AKI [64]; for this reason,
it is not recommended [8].

In these patients, especially if subjected to procedures
with intra-arterial administration with first renal passage,
the problem is unsolved and the issue is still open; for this
reason, it is recommendable that each center should have
an individualized PC-AKI prevention protocol on this type
of patients.
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Key points

Hydration/volume expansion represents the gold standard of PC-
AKI preventive therapy, keeping in mind that any intervention
must be proportionate to the patient’s overall risk;

Intravenous hydration is recommended as a preventive measure
for patients with moderate risk of PC-AKI (intravenous or
intra-arterial administration with second renal passage with
GFR < 30) using either Na bicarbonate (NaBic) 1.4% 3 ml/Kg/
hr for 1 h prior to administration, or saline 1 ml/Kg/hr for 34 h
before and 4-6 h after administration;

In patients with intra-arterial administration with renal first pass
and GFR <45 ml/min/1.73 m?, we recommend intravenous
hydration with NaBic 1.4% 3 ml/kg in the hour before the
administration, maintained at 1 ml/kg/hr for 4-6 h thereafter, or
with physiologic 1 ml/Kg for 3—4 h prior and for the next 4-6 h;

Two meta-analyses by Meier show that NaBic is more useful than
saline when there is no time to perform prolonged hydration and
thus may be more appropriate in emergency procedures

The prevention of PC-AKI in patients at very high risk (due to
comorbidity and to the procedure itself) undergoing proce-
dures with intra-arterial administration with first renal passage
remains debated, and for this reason we recommend that each
center should have an individualized prevention protocol for this

type of patients

Oncological patient

The development of PC-AKT has often a multifactorial gen-
esis because of the association of other risk factors for renal
damage:

1. Advanced age;

2. Comorbidities;

3. Toxicities potentially impacting renal function (such as
dehydration due to diarrhea, stomatitis, vomiting);

4. Preexisting chronic renal failure [65];

5. Use of potentially nephrotoxic agents, such as cytotoxic
chemotherapeutics, some molecularly targeted drugs,
immunotherapy, NSAIDS and bisphosphonates.

It is essential to consider for each patient the risk—benefit
ratio of contrast agent administration, even in those particu-
larly at risk of developing PC-AKI, discussing it in multi-
disciplinary meetings.

Hydration is recommended to prevent PC-AKI from con-
trast agent infusion even in oncological patients at risk.

Finally, regarding the management of cancer therapy in
patients who have to perform radiological examinations with
contrast agent (especially if already suffering from chronic
renal failure), the behavior to be kept depends on the type
of therapy in progress:

1. Patients treated with cytotoxic chemotherapy or with
potentially nephrotoxic chemotherapy (especially if
containing cisplatin) who receive iodine-based con-
trast agent are at higher risk of developing PC-AKI [65,
66]. It is recommended that 5 to 7 days elapse between
administration of either. No other data are available in
the literature regarding other chemotherapeutics, so we
recommend not discontinuing them before a CT with
contrast agent.

2. Patients treated with molecularly targeted drugs and
immunotherapy: It is not recommended to discontinue
treatment at CT scans with contrast agent.

3. Patients treated with bisphosphonates: The nephrotoxic-
ity of bisphosphonates is now well known in the oncol-
ogy setting. We recommend a 14-day interval between
zoledronic acid and iodine-based agent administration.

Key points

Hydration is the only recommended measure to prevent PC-AKI
from contrast agent infusion even in the high-risk oncological
patient;

Oncological patients treated with potentially nephrotoxic
chemotherapy (especially if containing cisplatin) who receive
iodine-based contrast agent are at high risk of developing PC-
AKI. It is recommended that 5 to 7 days elapse between the
administration of cisplatin and the contrast agent. There are no
data in the literature regarding other chemotherapeutics, which
are therefore not recommended to be discontinued before a CT
with contrast agent;

In patients treated with molecularly targeted drugs and immu-
notherapy, renal damage due to these drugs has a significantly
lower incidence than with chemotherapys; it is not recommended
to discontinue treatment at CT scans with contrast agent

In patients treated with bisphosphonates, it is recommended that
an adequate interval be maintained between their administra-
tion and that of the contrast agent. A 14-day interval between
zoledronic acid and iodine-based agent administration is recom-
mended

Gadolinium nephrotoxicity risk

The risk of PC-AKI after an MRI examination with gado-
linium (Gd) is very low when the contrast agent is used
in the approved doses (0.1 mmol/Kg). The data available
in the literature allow to minimize the potential nephro-
toxicity, but not to exclude it at all, and instead put the
focus on renal function because when it is reduced, it may
“facilitate” the intrinsic toxicity of gadolinium in inducing

@ Springer
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systemic nephrogenic fibrosis (NSF) or gadolinium depo-
sition disease (GDD) [67-70].

At present, it can be reasonably supposed that the use of
gadolinium chelates cannot be considered a risk factor for
PC-AKI in patients with eGFR > 30 ml/min/1.73 m? [46].

Gd-based MDCs (GdCAs) have similar pharmacokinet-
ics to iodine-based contrast agents.

Risk of nephrogenic systemic fibrosis

Nephrogenic systemic fibrosis (NSF) was first described
in 2000 as a specific and rare skin disorder in 15 patients
who had renal insufficiency, hence the name nephrogenic
fibrosis [71].

Renal insufficiency represents only one of the risk fac-
tors related to NSF, since neither the presence of renal
insufficiency nor a threshold value of GFR reduction is
recognized as risk classification criteria.

Gadolinium deposition in tissues following exposure
to this agent has been documented and associated with
factors such as agent stability, high and repeated doses.
Impaired renal function of the patient is a predisposing
factor because it slows the excretion of the molecule and
promotes its deposition.

All these observations represent the background of the
current guidelines that recommend to know the value of
glomerular filtrate and the stability of renal function before
the administration of Gd, suggesting greater caution when
the eGFR < 30 ml/min and the indication for the execution
of the hemodialysis session immediately after the adminis-
tration of GdCA in patients already under chronic dialysis
treatment, since there is no evidence that the hemodialysis
session absolutely prevents the deposition of tissue gado-
linium and therefore reduces the risk of complications
[72-78].

Dialysis after contrast agent in patients
undergoing chronic dialysis treatment

It is not recommended to coordinate dialysis after iodine-
based contrast agent infusion or to provide an additional
dialysis session to remove it [8].

In contrast to iodine-based agent, as mentioned previ-
ously, in agreement with the same ESUR guidelines, it is
suggested that MRI examination with Gd be scheduled
concurrently with hemodialysis treatment and that contrast
agent be removed as quickly as possible with any additional
dialysis session [79].
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