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Prevention of Contrast-Induced Nephropathy
(CIN) in Interventional Radiology Practice

Rajan K. Gupta, M.D.," and Tami J. Bang, M.D."

ABSTRACT

Contrast-induced nephropathy (CIN) is a widely recognized and clinically
significant problem in patients undergoing an increasing number of minimally invasive
procedures that require contrast administration. Contrast-induced nephropathy is the third
most common cause of hospital-acquired renal failure and has significant prognostic
implications on patient outcomes. Interventional practitioners are faced with challenging
decisions regarding prophylaxis and patient management. The major risk factor for
developing CIN is preexisting renal dysfunction, particularly in association with diabetes.
Patients are considered to be at risk when estimated glomerular filtration rate (¢GFR) or
estimated creatinine clearance (eCc,) is less than 60. The cornerstone of prevention of CIN
is appropriate risk stratification, intravenous hydration with normal saline or sodium
bicarbonate, appropriate withholding of nephrotoxic medications, use of low or iso-
osmolar contrast media, and various intraprocedural methods for iodinated contrast dose
reduction. Although N-acetylcysteine administration is popular, it remains unproven.
Practitioners must be familiar with prevention strategies and diagnosis of CIN to minimize

its clinical impact.
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Objectives: Upon completion of this article, the reader should be able to explain the clinical relevance and prevention of contrast-
induced nephropathy (CIN), and be able to identify risk stratification and appropriate prophylactic measures.
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With escalating use of radiographic contrast
media in clinical practice and increasing incidence of
chronic kidney disease in an aging population, con-
trast-induced nephropathy (CIN) is widely recognized
as a significant source of morbidity and mortality.
Contrast-induced nephropathy is the third most com-

mon cause of hospital-acquired renal failure and has
significant prognostic implications on patient out-
comes.”™ Independent of renal failure, the develop-
ment of even mild CIN is associated with increased
rates of morbidity and mortality. Whether or not this
association is causal is unclear, and the development
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of CIN may simply reflect a marker for poor overall
outcome.

It is difficult for practitioners performing inter-
ventional procedures to make informed decisions regard-
ing risk stratification and prevention strategies for CIN
because the data are unclear and often contradictory.
What follows is meant to be a practical guide for
prevention of CIN in the scope of interventional radi-
ology practice based on current evidence and consensus
recommendations.

DEFINING CONTRAST-INDUCED
NEPHROPATHY

Contrast-induced nephropathy is broadly defined as
acute kidney dysfunction occurring after exposure to
intravascular contrast media that is not attributable to
other causes. There is, however, no specific standard
definition that is broadly agreed upon or utilized in the
literature. This heterogeneity of definitions substantially
limits the evaluation of data across the literature.

Ideally, direct measurement of glomerular filtra-
tion rate (GFR) before and after contrast administration
would provide the most accurate measurement of renal
function. Unfortunately, measurement of GFR by inulin
clearance or other accurate measures is neither practical
nor well tolerated in the clinical setting.

The most commonly used measurement of renal
function is serum creatinine, an end product of muscle
metabolism. Estimation of renal function based on
serum creatinine is fraught with error. Creatinine
levels are influenced by many factors including age,
gender, body composition, and nutritional status. Ad-
ditionally, normal serum creatinine levels are typically
maintained until GFR is reduced by ~50%.° There-
fore, a significant reduction in renal function may be
missed by solely monitoring serum creatinine. Crea-
tinine levels are also influenced by prevention strategies
such as intravenous (IV) hydration and N-acetylcys-
teine (NAC) administration. Although limited as a
marker, serum creatinine is easy to measure in the
clinical setting, cost-effective, and most of the pub-
lished literature regarding CIN is based on serum
creatinine measurements.

A variety of definitions of CIN are present in the
literature. They most commonly consist of either a
relative (25-100%) or absolute (0.3-1.0 mg/dL) increase
in serum creatinine above baseline levels. It has been
suggested that a change of 0.3 mg/dL is not statistically
significant in many laboratories.” The most commonly
used definition of CIN, therefore, is either a relative
increase in serum creatinine from baseline value of 25%
or an absolute increase of 0.5 mg/dL within 48 to 72
hours after contrast exposure. Additionally, the creati-
nine elevation must not be attributable to other causes
and must persist for 2 to 5 days.7’8

Documented oliguria (urine output <0.5 mL/kg/
h for >6 h) is another definition for CIN, although it is
not clinically sensitive as patients often maintain urine
output in the face of significant renal insult if they are
adequately hydrated.9 If oliguria develops, it is also
typically associated with a significant increase in serum
creatinine, which will fall within the above definitions of

CIN.

CONTROVERSY AND LIMITATIONS
INHERENT IN THE LITERATURE

Given the inaccuracy of defining CIN based on serum
creatinine, random variations in daily creatinine meas-
urement, lack of an adequate control group or long term
(>72 h) follow-up in most published studies, and
heterogeneous definitions of CIN throughout the liter-
ature, the actual incidence and clinical significance of
CIN has been called into question.s’10 Newhouse et al
examined the random fluctuations of serum creatinine in
32,161 hospitalized patients who had 5 days of consec-
utive serum creatinine measurements without any intra-
vascular administration of contrast in the preceding
10 days.11 Depending on the definition, 6 to 35% of
those patients would have fit criteria for being diagnosed
with CIN. These rates are not substantially different
from the rates of CIN in the published literature. In-
deed, recent publications have highlighted two earlier
studies by Cramer et al and Heller et al that included
matched controls who did not receive intravascular
contrast.!™* These studies demonstrated no substantial
differences in CIN (defined as serum creatinine increase
of >50%) between the contrast and noncontrast control
groups. Acknowledging the limitations of these studies,
these observations suggest that the incidence of CIN in
the published literature has likely been overestimated.
Despite these controversies, however, the vast majority
of published literature, consensus panels, and published
guidelines all agree that CIN is a clinically significant
problem that does have a substantial impact on patient
outcome.

PATHOPHYSIOLOGY OF CIN’-"®

Although there are many complex pathways involved in
the development of CIN, the end result is thought to be
ischemic injury to the renal medulla. Under normal
conditions, the renal medulla is poorly oxygenated and
operates in a near hypoxic environment. After admin-
istration of contrast, renal blood flood temporarily in-
creases, then decreases over a prolonged period. These
changes are mediated by a complex interplay of many
factors. Renal vasoconstriction plays a major role and is
mediated by vasoactive substances such as endothelin,
adenosine, nitric oxide, and prostaglandins. Direct cy-
totoxic and osmotic effects of contrast on renal tubules
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also play a role and may be partly mediated by free radical
formation. Increased intratubular pressure, increased
urine viscosity, and tubular obstruction further contrib-
ute to renal injury.

NATURAL HISTORY OF CIN

Most CIN is self-limited. Serum creatinine typically
increases over 1 to 3 days, peaks at 4 to 5 days, and
returns to baseline in 7 to 14 days.">*® More severe CIN,
however, may be associated with a delayed peak in serum
creatinine and a slower return to steady state, which may
remain above baseline values. These cases may be asso-
ciated with oliguria. In a small subset of patients,
temporary or permanent dialysis is required.

The median 2-year survival rate in patients who
require dialysis is 19% and in-hospital mortality is as
high as 36%.%” Even with the development of mild CIN
that does not require intervention, there is increased
morbidity and mortality independent of other risk fac-
tors. Whether this effect is causal is unclear, and the
development of CIN may simply reflect a poor overall
prognostic marker for outcome.

TREATMENT’

Treatment of CIN begins with identification of the
injury and is similar for other causes of acute renal
failure. Patients should be monitored by a nephrologist
in an inpatient setting. Management typically involves
careful monitoring of electrolytes, adjusting nutrition,
and strict monitoring of body weight and fluid balance.
Metabolic disturbances such as hyperphosphatemia can
be managed with phosphate binders (calcium carbonate);
hyperkalemia with dietary restriction of potassium, po-
tassium binding resins, or insulin and dextrose infusion;
and metabolic acidosis may require oral sodium bicar-
bonate. In rare cases, patients may require temporary or
permanent dialysis.

DEFINING AT-RISK POPULATIONS
Contrast-induced nephropathy occurs most commonly
in patients with identifiable risk factors. Many risk
factors have been reported in the literature (Table 1),
although few have been proven to be independent
factors.®”1>1820 Given that the risk of CIN seems to
rise exponentially with the number of risk factors
present, it is prudent to evaluate all potential risks prior
to contrast administration.

Review of the patient history will identify most
risk factors and should be the first step in patient
evaluation. Scoring systems have been developed for
risk stratification and are more often utilized in the
interventional cardiology literature where patients are
critically ill and need emergent percutaneous coronary

Table 1 Reported Risks for Contrast-Induced
Nephropathy

Nonmodifiable risks
Primary
Preexisting renal disease
Diabetes associated with renal disease
Acute kidney injury (esp. acute tubular necrosis)
Hypotension/sepsis
Secondary
Cardiovascular disease (esp. congestive heart failure)
Advanced age (>70 years)
Cirrhosis
Nephrotic syndrome
Myeloma
Organ transplantation
Human immunodeficiency virus
Metabolic disorders
Hyperuricemia, hypercholesterolemia, hypercalcemia
Modifiable risks
Dehydration
Recent contrast administration (<72 hours)
Contrast volume
Contrast type (HOCM >LOCM/IOCM)
Contrast administration route (IA >IV)
Nephrotoxic medications
Nonsteroidal antiinflammatory drugs
Aminoglycosides, vancomycin, amphotericin B
Loop diuretics
Immunosuppressives: cyclosporine A

IA, intraarterial, HOCM, high-osmolar contrast media; IOCM,
isoosmolar contrast media; LOCM, low-osmolar contrast media;
IV, intravenous.

intervention (PCI). For patients undergoing interven-
tional radiologic or diagnostic computed tomographic
(CT) procedures, risk stratification is typically per-
formed based on estimation of baseline renal function,
which is the single most important predictor for the

development of CIN.

Preexisting renal insufficiency

The most important and predictive risk factor for devel-
oping CIN is preexisting renal insufﬁciency.6’7’15’18_20
Classic teaching is that the more severe the preexisting
renal disease, the higher the subsequent risk of CIN, and
the more likely that CIN will be clinically significant.
Risk stratification is predominantly performed based on
baseline renal function and will be discussed in further
detail later in the text.

Diabetes

Prospective studies have demonstrated that diabetes
without coexisting renal insufficiency is not a true in-
dependent risk factor for CIN.?! Diabetes with associated
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chronic renal insufficiency (CRI), however, does confer a
higher risk of CIN than in a nondiabetic patient with
equivalent renal function.” Diabetic patients with CRI
are also more likely to experience oliguric renal failure and
require dialysis compared with nondiabetics with equiv-
alent renal function.?!

Other Risk Factors®7-1%18-20

Patients with acute kidney injury, particularly acute
tubular necrosis, are at particularly high risk for contrast
administration. Sepsis, hypotension, cardiovascular dis-
ease (congestive heart failure in particular), and cirrhosis
result in renal hypoperfusion and increased risk of
contrast-induced kidney damage. Sepsis may also induce
renal injury as a result of bacterial toxin damage to renal
tubules. Advanced age is a risk factor due to reduction in
renal mass, function, and perfusion, although exact age
thresholds are undetermined. Myeloma was previously
considered a risk factor for CIN, as it is associated with
renal disease, although with adequate hydration rates of

CIN are very low.

Nephrotoxic medications

Chronic use of nonsteroidal antiinflammatory drugs
(NSAIDS), aminoglycosides, vancomycin, amphotericin
B, immunosuppressive medications such as cyclosporine,
and loop diuretics likely also increase the risk of CIN.
These agents, however, have not been proven as inde-
pendent risks for CIN.” When clinically feasible, neph-
rotoxic medications should be discontinued for 24 to 48
hours before the procedure and held for 24 to 48 hours
after the procedure to minimize additive nephrotoxic
effects.

Contrast

The type, volume, and route of administration of iodi-
nated contrast all play important roles in the risk of CIN.
Higher doses, intraarterial (IA) compared with IV ad-
ministration, and high-osmolar contrast media
(HOCM) all increase the risk for development of CIN
in at-risk populations. Additionally, the administration
of multiple doses of contrast within 72 hours is a risk.”

MDRD: 4-variable equation

Metformin®1°

Metformin does not predispose to CIN. If renal function
decreases while a patient is on metformin, however,
there is a risk of lactic acidosis, which may be fatal in a
substantial number of cases. For this reason, it is rec-
ommended that metformin be held for 48 hours after the
administration of contrast media until it has been estab-
lished that renal function has not been significantly
altered.

RISK STRATIFICATION

Although not without controversy, current trends sug-
gest that risk stratification for preexisting renal disease
should be performed with either estimated GFR (eGFR)
or estimated creatinine clearance (eCc,).”!” Both values
can be calculated from the serum creatinine (SCr) based
on equations validated in adult populations. Because
creatinine clearance estimates the GFR, both measure-
ments can be used interchangeably for the purpose of risk
stratification. These equations account for differences in
muscle mass in adult populations based on several
variables (age, gender, race, weight) and are thought to
result in more sensitive and specific measurements of
renal function than serum creatinine alone. It is impor-
tant to remember that these formulas were developed for
assessment of patients with chronic renal disease, not
acute renal dysfunction.

Estimated GFR is most commonly calculated
with the four-variable Modification of Diet in Renal
Disease (MDRD) formula and eCc, by using the Cock-
croft-Gault formula (Fig. 1). Numerous online calcula-
tors are available. Both formulas have limitations in
those with extremes of body mass (i.e., muscle wasting
or extreme obesity). The serum creatinine used for risk
stratification should be a baseline value, prior to hydra-
tion or administration of NAC, which may falsely
decrease serum creatinine levels.

When utilizing eGFR for risk stratification, there
is general agreement that patients with eGFR >60 are at
low risk for CIN, and those with eGFR <30 are at very
high risk for CIN, regardless of the route of contrast
administration (IV or IA). Patients with eGFR <30
have a 30 to 40% risk of CIN and a 2 to 8% risk of
dialysis compared with a general population risk of 2%

eGFR (mL/min/1 73m?) =186 xSCr(mg/dL) " "™ x Age *” x[1.210 if African American]x[0.742if Female]

Cockeroft-Gault equation

(140- Age)x Mass (kg)x [0.85 if Female]

.Cp (mL/min) = —
72 % Serum Creatinine (mg/dL)

Figure 1 Estimating estimated glomerular filtration rate (eGFR) or estimated creatinine clearance (eCc¢,) from serum

creatinine (SCr) (mg/dL).
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Table 2 Kidney Disease Outcome Quality Initiative Stages of Chronic Kidney Disease

Stage Description GFR (mL/min/1.73 m?)
1 Kidney damage with normal/increased GFR >90

2 Kidney damage with mild decrease in GFR 60-89

3 Kidney damage with moderate decrease in GFR 30-59

4 Kidney damage with severe decrease in GFR 15-29

5 Kidney failure <15

GFR, glomerular filtration rate.

for CIN.??? These risk categories correspond to the
Kidney Disease Outcome Quality Initiative (KDOQI)
stages of chronic kidney disease (Table 2).

There is greater uncertainty with substratification
of risk when the GFR is between 30 and 60, and
currently it is difficult to make confident evidence-based
recommendations in this group.19 Currently, most de-
fine this category as “at risk.” The threshold of eGFR
<60 for defining risk, however, is controversial and likely
includes many patients with a mildly reduced GFR that
are truly at relatively low risk.”

A publication by Thomsen et al of a pooled
analysis of two studies of IV administration of contrast
for CT, found that only 0.6% of patients (1/170) with
eGFR >40 mL/min met the definition of CIN.?
Their recommendation was to take precautions in
patients before IV contrast administration when
eGFR is less than 40 mL/min, and before IA admin-
istration when eGFR is less than 60 mL/min. Analysis
of the literature by Katzberg et al has suggested
analogous conclusions for stratification of IV admin-
istration thresholds; these conclusions were based on
subgroup analysis of multiple prospective studies of
patients who underwent IV administration of contrast
for CT.1° Higher presumed risks associated with IA
administration of contrast media explain the differ-
ences in the threshold recommendations.?° Although
not currently accepted by any consensus panel, these
recommendations appear to be based on reasonable
evidence and may help guide the interventionalist
regarding substratification of this risk group. It is still
prudent to take basic, well-accepted precautions such
as IV hydration in those undergoing IV contrast
administration with any eGFR <60 until evidence
has been more solidified.

WHO TO SCREEN

Healthy adults without risk factors younger than 40 years
old are at very low risk and do not need routine screening
of serum creatinine. In the absence of any risk factor, it is
exceedingly rare that serum creatinine will be elevated in
this patient population.19 Patients greater than 40 years
old, inpatients, or those with any risk factors should be
screened.’ Screening of outpatients should include a SCr
within 30 days, and inpatients should have a SCr within

24 to 48 hours. Indications for screening are given in

Table 3.

CONTRAST AGENTS USED IN
INTERVENTIONAL RADIOLOGY
lodinated contrast media’>%**
The most widely utilized agent for intravascular admin-
istration in interventional radiology is iodinated con-
trast. Jodinated contrast agents came into widespread use
in the 1950s with the advent of high-osmolar contrast
media (HOCM). These agents are ionically bound to a
sodium atom and dissociate in plasma creating two
osmotic particles. They carry three iodine particles per
two osmotic particles (1.5:1 ratio). Their decreased
tolerability and higher risk of adverse reactions have
largely been attributed to their high osmolality (1500—
2200 mOsm) compared with plasma (300 mOsm).
Second-generation low-osmolar contrast media
(LOCM) were developed in the 1970s and have largely
supplanted HOCM in clinical use today. All are able to
carry three iodine particles per one osmotic particle (3:1
ratio). Most have covalent bonding, and are thus termed
nonionic. Because the bonds do not dissociate in plasma,
there are fewer osmotically active particles leading to a
lower overall osmolality (600-900 mOsm) compared
with high-osmolar contrast agents. An exception is
Toxaglate (Hexabrix®™, Covidien plc, Dublin, Ireland),
which is an ionic dimer. This ionically bound LOCM
carries six iodine particles per two osmotic particles and
dissociates in plasma, also resulting in a ratio of three
iodine particles to a single osmotic particle.

Table 3 Indications for Obtaining a Screening Serum
Creatinine Level

Any risk factor in Table 1

Age >40 years old

Inpatient

History of “kidney disease"
Tumor
Transplant
History of renal surgery
Solitary kidney

Family history of kidney failure
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The most recent contrast agents developed in the
1980s are known as isoosmolar contrast media (IOCM).
They are nonionic dimers that allow six iodine particles
to be attached to one osmotic particle (6:1 ratio). This
results in a contrast media that is isoosmolar (300
mOsm) to plasma. The only commercially available
IOCM today is iodixanol (Visipaque@) , Amersham
Health, Princeton, NJ).

IODINATED CONTRAST SELECTION

Large clinical trials and meta-analyses have demon-
strated that LOCM results in substantially less CIN
than HOCM in patients with preexisting renal dysfunc-
tion.1#?12%26 No benefit has been demonstrated in those
without renal dysfunction. Although there is no proven
decrease in CIN in normal populations, better tolerabil-
ity and fewer side effects of LOCM have largely resulted
in their supplanting HOCM in routine clinical practice.

The results of numerous clinical studies and meta-
analyses comparing IOCM and LOCM, however, are
broadly conflicting.25 Initial reports suggested the IOCM
resulted in less CIN than LOCM, however, subsequent
studies have failed to confirm these findings. Morcos et al
performed a review of the literature in 2008 and found
that only three studies and one meta-analysis had shown
less toxicity of IOCM when compared with LOCM.?* A
single study had, in fact, demonstrated a higher incidence
of CIN with IOCM compared with LOCM.* Although
currently there is little compelling evidence to choose
IOCM over LOCM with respect to CIN, many practi-
tioners continue to choose to use IOCM in the highest
risk patients for IA administration.

A more compelling argument for use of IOCM is
improved patient tolerance with peripheral intrarterial
(IA) administration.” Several studies comparing the
tolerability of the low-osmolar contrast iodixanol to
various LOCM demonstrated that iodixanol is associ-
ated with less pain and heat discomfort.2’ 3% Less pain
potentially results in less motion artifact during digital
subtraction angiography (DSA) acquisition, better im-
age quality, and potential reduction in overall contrast
and radiation dose, particularly in patients who are ill
and poorly compliant.

VOLUME OF IODINATED CONTRAST
It is generally accepted that the risk of developing CIN is
related to the dose of contrast administered.® This notion
is based primarily on evidence derived from cohort
studies. Various publications, particularly in the interven-
tional cardiology literature, have attempted to identify
threshold doses of contrast that predict CIN or dialysis.
A study by Cigarroa et al suggested that in patients
undergoing percutaneous coronary intervention (PCI),
exceeding a volume of contrast greater than 5 mL/kg
body weight divided by serum creatinine (mg/dL)
strongly predicts nephropathy that requires dialysis.31

Contrast volume (mL) 1

Low risk of CIN : — - 37
Creatinine Clearance (mL/min)

smL  Body weight (kg)' +
Serum Cr (mg/dL)

Maximum contrast dose =

*MNumerator should not exceed 300

Figure 2 '"Threshold" dose for contrast to minimize con-
trast-induced nephropathy in percutaneous coronary inter-
vention. ( Cigarroa RG et al. Dosing of contrast material to
prevent contrast nephropathy in patients with renal disease.
Am J Med 1989;86(6 Pt 1):649-652. ‘Laskey WK, et al.
Volume-to-creatinine clearance ratio: a pharmacokinetically
based risk factor for prediction of early creatinine increase
after percutaneous coronary intervention. J Am Coll Cardiol
2007;50(7):584-590.)

These findings have been retrospectively validated in the
PCI population by a larger study by Freeman et al
reviewing 16,592 PCI procedures. In fact, Freeman et al
found that exceeding the maximal dose calculated by this
formula was the strongest independent predictor of
nephropathy requiring dialysis.>> A recent study by Las-
key et al demonstrated that patients undergoing PCI who
received a ratio of contrast dose in mL to calculated
creatinine clearance (mL/min) of less than 3.7 had a low
rate of CIN compared with those exceeding that dose. 3
These equations (Fig. 2) can be used to calculate a
theoretical maximum threshold dose for a given procedure
to minimize CIN. Although validated for patients under-
going PCI, these data can be extrapolated for use in
patients undergoing other interventional procedures.

These equations do have limitations, however,
and often result in a moderately high dose of calculated
maximal contrast, especially in those with preexisting
renal disease. For instance, a 60-year-old Caucasian male
who weighs 106 kg with a creatinine of 2.09 mg/dL has
an eGFR of 33 mL/min/1.73m> According to the
“threshold” equations, the maximal contrast dose for
this patient is 120 to 130 cc, an amount substantially
greater than many interventional practitioners would feel
comfortable giving a patient with this abnormal baseline
renal function. In general, the less contrast administered
to patients at risk for CIN, the better.

ADMINISTRATION ROUTE

Intraarterial administration of contrast is generally
thought to result in greater incidence of CIN than IV
administration, which may be due to several factors.
Intrarenal concentration of contrast media is higher after
TA administration at or above the renal arteries than
during IV administration, where a dilution effect may be
somewhat protective. Arterial procedures may also pro-
duce additional injury to the kidney such as atheroemboli.

Gadolinium-Based Contrast Agents
Historically, gadolinium agents were used in patients at
higher risk for CIN to minimize the load of iodinated
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contrast. These strategies are now limited by the recog-
nition of nephrogenic systemic fibrosis (NSF), a debili-
tating progressive condition involving fibrosis of the skin,
joints, and internal organs that occurs in patients with
severe renal insufficiency. Gadolinium can therefore no
longer be recommended as a safe alternative to iodinated
contrast agents for patients with renal insufficiency.

Carbon Dioxide (CO,)

CO, is a nonnephrotoxic negative contrast agent. It can
be substituted for iodinated contrast in certain angio-
graphic procedures. Classic teaching is that CO, should
not be used in arteries above the diaphragm to prevent
CO, reflux into the cerebral vasculature or the spinal
artery, which may result in seizures, stroke, or paralysis.
When used properly, CO, angiography and venography
are effective methods to obtain diagnostic information
without the risk of renal toxicity. Operators should be
familiar with the technical aspects of CO, administra-
tion to prevent complications.

STRATEGIES FOR RENAL PROTECTION

Despite extensive study of a variety of agents for renal
protection, use of low or isoosmolar contrast agents and
IV hydration with normal saline or sodium bicarbonate
are the only strategies that have been shown to be
effective in the reduction of CIN in those at risk.
Although popular, use of NAC remains unproven.

Hydration

NORMAL SALINE

IV fluid hydration with normal saline is the mainstay of
practice in the prevention of CIN. It is low-risk, carries
few side effects, and is cost-effective. Randomized trials
have found IV hydration with normal saline to be
consistently effective in the prevention of CIN. Fluid
hydration is usually administered to patients of all risk
categories, but is considered a requirement in the man-
agement of patient with an estimated GFR <60 mL/
min/1.73m?.”

Although the exact mechanism is unclear, it is
theorized that the administration of IV fluids increases
intravascular volume, promotes diuresis, dilutes the
overall intravascular contrast load, induces vasodilation,
suppresses the renin—angiotensin—aldosterone axis, and
suppresses the release of antidiuretic hormone.?°

The composition of IV fluid hydration has been
studied in the prevention of CIN. Mueller et al per-
formed a large prospective, randomized control study to
investigate normal saline (NS) IV infusion and the
subsequent rates of CIN following contrast administra-
tion. The researchers found that NS (0.9%) was superior

to half-NS (0.45%).>* In particular, the researchers
found that female patients, diabetic patients, patients
receiving greater than 250 mL of contrast, and patients
undergoing emergent interventions were the most likely
to benefit from isotonic hydm’tion.34 IV hydration has
also been found to be more effective than oral hydration.

Despite universal agreement of hydration with
NS as a preventative measure against CIN, a single
regimen has not been established. Generally, starting
earlier and continuing longer are considered best prac-
tice. It is recommended to administer at least 500 cc of
fluid within the 3 hours prior to the procedure. Addi-
tionally, hydration should be continued at least 6 to 8
hours following the procedure.’® Clinical judgment
should be used when hydrating patients with cardiac
dysfunction or severe renal insufficiency where volume
overload may be a consideration.

SODIUM BICARBONATE

Intravenous administration of sodium bicarbonate has
also gained substantial popularity in the prevention of
CIN, but recent publications have demonstrated mixed
results and enthusiasm has become somewhat tempered.
The theoretical benefit of sodium bicarbonate is de-
creased acidification of the urine and renal medullary
environment, which may theoretically reduce free radical
injury, although many of the effects of sodium bicar-
bonate administration are also likely due to simple IV
hydration.

In 2004, Merten et al published the first single-
center randomized control trial of 119 patients compar-
ing IV hydration with sodium bicarbonate (154 mEq/L;
3 cc/kg/h for 1 hour preprocedure and 1 cc/kg/h for 6
hours postprocedure) compared with administration of a
similar volume of NS.%° They demonstrated a significant
decrease in CIN in the sodium bicarbonate group (1.7%)
compared with the NS group (13.6%). Since this original
study, numerous randomized trials have been published.
Many studies favor a benefit of sodium bicarbonate over
NS, although several recent publications have demon-
strated no benefit compared with the administration of
NS.% Several meta-analyses have been performed; they
also suggested a benefit to sodium bicarbonate over NS
with respect to CIN, although there were no differences
in hard clinical endpoints such as death or the need for
dialysis.”’38 Many of the analyzed publications were
small in size, nonblinded, single center, and somewhat
heterogeneous in their populations. Additionally, there
is concern regarding publication bias.

A retrospective review of 7977 patients by From
et al actually suggested increased CIN following the
administration of sodium bicarbonate.’ Despite many
limitations of this retrospective study, with only a small
proportion of patients (489/7977) receiving sodium
bicarbonate, it highlights the need for a larger random-
ized, well-controlled study.
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Table 4 Sample Intravenous Hydration Regimens

Inpatient
0.9% NS 1 cc/kg/h for 12 hours pre, 1 cc/kg/h for
12 hours post
Outpatient/emergent
0.9% NS 2 cc/kg/h for 2-3 hours pre, 1 cc/kg/h for
6 hours post
0.9% NS or Na Bicarb (154 mEg/L): 3 cc/kg/h for
1 hour pre, 1 cc/kg/h for 6 hours post

NS, normal saline; Na Bicarb, sodium bicarbonate.

Sodium bicarbonate is most commonly adminis-
tered at a concentration of 154 mEq/L, at a rate of 3 cc/
kg/h for one hour prior to intervention, and 1 cc/kg/h for
6 hours after contrast. It has also been used at a rate of 1
cc/kg/h for 12 hours before and 12 hours after admin-
istration of contrast. Recent studies have not demon-
strated a difference between the two administration
schemes.”® Table 4 outlines common hydration regi-
mens used for renal protection.

N-ACETYLCYSTEINE

NAC is an antioxidant and a derivative of the amino acid
cysteine. It has been demonstrated in animal models to
decrease renal injury from ischemic and nephrotoxic
effects. Potential mechanisms of NAC for CIN prophy-
laxis include both antioxidant and vasodilatory effects.*
Despite poor oral bioavailability due to a large first pass
effect, NAC may provide antioxidant benefit as a pre-
cursor for glutathione, another antioxidant.*!

In 2000, Tepel et al reported the first human trial
for NAC in the prevention of CIN.* In this prospec-
tively randomized trial of 83 patients undergoing CT
with IV contrast, patients who received a standard IV
hydration protocol with normal saline were randomized
to placebo versus NAC administered at a dose of 600 mg
orally twice a day for 2 days, starting the day prior to the
procedure. Contrast-induced nephropathy (SCr increase
of >0.5 mg/dL) occurred in 2% of the NAC group
compared with 21% of the control group (p<0.01).
Since this initial trial, numerous studies have been
published, some finding substantial benefit, and others
reporting a lack of efﬁcacy.42’43 A 2006 publication by
Marenzi et al has also suggested a dose-dependent effect
of NAC.** In 354 patients with acute myocardial in-
farction undergoing coronary angiography and angio-
plasty, patients were randomized to placebo, standard
dose (600 mg), and double-dose (1200 mg) NAC pro-
tocols. NAC was administered by IV bolus prior to the
procedure and then orally twice daily for 2 days post-
procedure. The investigators found that the risk for CIN
was reduced by 54.5% in standard-dose NAC and 75.8%
in double-dose NAC. This dose-related phenomenon
had not been demonstrated in prior studies and has yet to
been confirmed in larger prospective studies.*!

Fishbane et al reviewed the medical literature in
2008 and found more than 20 published studies inves-
tigating the use of NAC to prevent CIN.*! In his
analysis, he found that studies with negative results
outnumbered those with positive results by a 2-to-1
margin, and most studies were felt to be underpowered.
More than 10 meta-analyses have been published, most
of which found a net benefit for NAC, although many
concerns have been raised. Nearly all of the meta-
analyses found substantial statistically significant heter-
ogeneity among the studies included, which limited the
ability to effectively pool the data.*! Publication bias is
also suspected; Vaitkus et al reported that among ab-
stracts presented at scientific meetings, far fewer neg-
ative studies of NAC resulted in publications.*

An additional question regarding the administra-
tion of NAC and its renoprotective effects relates to
concerns that NAC may lower serum creatinine without
affecting renal function. Hoffmann et al gave NAC to 50
healthy volunteers who did not receive contrast media,
and demonstrated a statistically significant lowering of
serum creatinine levels, which in turn increased eGFR.*
In contrast, cystatin C levels, felt to be a more accurate
measure of GFR than serum creatinine, did not change.
Admittedly, the magnitude of this change was quite
small, with NAC only causing a mean decrease in serum
creatinine at 4 hours from 0.85+0.14 mg/dL to
0.82+£0.13 mg/dL (p < 0.05).*14¢ Poletti et al random-
ized patients with renal insufficiency receiving contrast
for CT to NAC versus placebo. When CIN was defined
based on changes in serum creatinine, there was a
statistically significant decrease in CIN in the NAC
group; however, when CIN was defined using cystatin
C levels, there was no significant difference.*’

Independent of effects on CIN, NAC is felt to be
a cardioprotective agent. These findings are also some-
what controversial and are predominantly based on
studies in the interventional cardiology literature. Due
to a relatively low-risk profile, high patient tolerability,
low-cost, and potential cardioprotective effects, NAC
remains a commonly employed agent, albeit without a
solid basis in scientific evidence.

NAC is most commonly administered as a dose of
600 to 1200 mg by mouth twice daily on the day before
the procedure and the day of the procedure. IV regimens
are utilized as well (150 mg/kg in 500 mL NS over 30
minutes prior to contrast administration and 50 mg/kg
in 500 mL NS over 4 hours after contrast) although they
are associated with a low incidence of anaphylactoid
reaction.**® Given the lack of compelling evidence of
efficacy, contrast studies should not be delayed to ad-
minister NAC.

DISCONTINUATION OF NEPHROTOXIC MEDICATIONS
In the case of elective procedures, all nephrotoxic med-
ications should be discontinued prior to administration
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of contrast media. Specifically, medications such as
NSAIDS and loop diuretics should be stopped 24 to
48 hours before a contrast study to reduce the risk of
CIN. Unfortunately, this is not always possible in clinical
practice. In patients with severe pulmonary edema or in
emergent interventional procedures, it may not be pos-
sible to stop medications or delay intervention long
enough to avoid nephrotoxicity from the combined
effects of contrast and drugs. However, when possible
these medications should be stopped at least one day
before administration of contrast and should not be
restarted until at least 48 hours later (or as deemed
appropriate by clinical judgment with supporting labo-
ratory data).

PROPHYLACTIC HEMODIALYSIS

Despite removing a large portion of contrast media from
the blood circulation, hemodialysis performed immedi-
ately after contrast administration has been demonstrated
to be ineffective at reducing the incidence of CIN and has
no role in its management.7’l9’49 This is likely due to the
fact that contrast injury occurs rapidly after the admin-
istration of contrast, that hemodialysis reduces circulating
volume, and that hemodialysis may itself be nephrotoxic
by activation of inflammatory pathways.

HEMOFILTRATION

Hemofiltration, unlike hemodialysis, is a form of con-
tinuous renal replacement therapy where there is no
significant change in intravascular volume. Marenzi et
al have studied hemofiltration to reduce the incidence of
CIN.*° In this study, 114 patients were randomized
to IV hydration with NS and hemofiltration for 4 to
8 hours preprocedure, nothing during the procedure, and
hemofiltration 18 to 24 hours postprocedure. The in-
cidence of CIN was reduced from 50% to 5%. In hospital
mortality was reduced from 14% to 2%, and 12-month
mortality was reduced from 30% to 10%. A confounding
factor is the administration of heparin for hemofiltra-
tion. Despite very encouraging results, hemofiltration is
costly, must be performed in the ICU setting, and carries
its own inherent risks. Given limited evidence and high-
cost, hemofiltration has not gained widespread accept-
ance although it may eventually be utilized in patients at

very high risk.

PATIENTS ON HEMODIALYSIS

For patients with end-stage renal failure who are cur-
rently on chronic hemodialysis, no prophylaxis prior to
administration is indicated. Volume expansion and in-
creased serum osmolarity from contrast administration
may require dialysis earlier than usual, however.

This clinical setting should be differentiated from
the case of those on acute, intermittent, or temporary
dialysis who may be at the highest risk of contrast-
induced kidney injury.

Procedural Techniques for Minimizing
lodinated Contrast

Techniques for minimizing contrast dose during radio-
logic procedures are often not discussed in the literature
although they remain critically important to reduction of
contrast dose during procedures. Because contrast vol-
ume is related to the risk for contrast nephropathy, any
method for decreasing iodinated contrast load may be
potentially beneficial.

Dilution is often the easiest and most effective
method for contrast dose reduction. With today’s
high-quality DSA imaging equipment and a compli-
ant patient, contrast can be diluted with NS to
substantially decrease contrast dose. In extremities,
dilution of 1:3 to 1:5 (contrast:saline) will often result
in diagnostic images. In the abdomen, dilution of 1:2
can be adequate if the patient is able to hold respi-
ration adequately and if they are of the correct body
habitus.

Use of digital software enhancements such as
image stacking software can be utilized to further im-
prove visualization, particularly in the extremities. Bolus
chasing techniques can also be used to gather the most
information from a single injection.

Catheter position also has a dramatic impact on
the contrast load required to visualize a target. The closer
a catheter is to the target, the less contrast will be needed
for adequate visualization. For instance, if staged runoff
arteriography is performed from the pelvis to the lower
extremity, subsequent movement of the catheter into the
most distal position allowable will dramatically decrease
contrast dose due to less dilution with circulating blood
volume.

Other procedural techniques to reduce dose in-
clude use of CO, angiography, use of biplane angiog-
raphy to obtain multiple views with a single injection,
and staging procedures to minimize maximal contrast
load given at a single intervention. Utilizing adjunctive
imaging such as rotational CT or intravascular ultra-
sound may also help guide interventions and minimize
contrast use.

SUMMARY OF RECOMNMENDATIONS
The first and most important step in renal protection is
risk stratification and determination of the necessity of
contrast administration. Stratification based on eGFR/
eCc;, is currently recommended, although practitioners
should not ignore other risk factors, most notably acute
renal injury, diabetes associated with CRI, acute hypo-
tension/sepsis, and multiple doses of contrast adminis-
tered within 72 hours, which cause additive risk.
Avoidance of the use of contrast through utiliza-
tion of other imaging modalities (noncontrast CT/mag-
netic resonance imaging [MRI], ultrasound, nuclear
medicine, noninvasive vascular laboratories) remains
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Figure 3 Recommendations for risk stratification and prophylaxis of contrast-induced nephropathy. (Adapted from Goldfarb S
et al. Contrast-induced acute kidney injury: specialty-specific protocols for interventional radiology, diagnostic computed
tomography radiology, and interventional cardiology. Mayo Clin Proc 2009;84(2):170-179.)

the only method to completely eliminate the risk of
CIN.

If contrast use is justified, most standard precau-
tions are taken in those with eGFR/eCc, of <60. These
precautions include minimizing effects of nephrotoxic
medications, IV hydration with NS or sodium bicar-
bonate, and use of low or isoosmolar contrast media.
Substratification of risk based on administration route
and eGFR has been discussed and is included in Fig. 3,
although this is not broadly accepted. Isoosmolar con-
trast may be preferred during peripheral IA administra-
tion of contrast, predominantly based on patient
tolerance and decreased pain with administration.
Although NAC administration is popular, it remains
unproven. Metformin should be held at the time of
procedure for 48 hours until it has been established
that renal function has normalized.

Patients at the highest risk (¢GFR/eCc, of <30)
should have a nephrology consult prior to the procedure.
Every effort should be made to reduce contrast dose
including use of CO, and dilution of iodinated contrast
whenever possible. Despite compelling evidence, many
practitioners will choose isoosmolar contrast in the

highest-risk individuals based on very limited evidence.
Limited evidence also suggests that hemofiltration may
be beneficial in the highest-risk populations, although
further validation is needed prior to widespread adoption
of this practice, which carries its own inherent risks as
well as high cost and utilization of hospital resources.
All patients with eGFR/eC¢, <60 should have
follow-up measurement of serum creatinine to screen for
CIN, and demonstration of CIN should prompt referral

to a nephrologist or the patient’s primary care provider.

CONCLUSION
Contrast-induced nephropathy is a widely recognized
and clinically significant problem in patients undergoing
an increasing number of minimally invasive procedures
that require contrast administration. The major risk
factor for developing CIN is preexisting renal dysfunc-
tion, particularly in association with diabetes. Patients are
considered to be at risk when eGFR/eCq,; is less than 60.
The cornerstone of prevention is appropriate risk
stratification, IV hydration with NS or sodium bicarbon-
ate, appropriate withholding of nephrotoxic medications,
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use of low or isoosmolar contrast, and various intra-
procedural methods for iodinated contrast dose reduc-
tion. Although NAC administration is popular, it
remains unproven. Practitioners must be familiar with
prevention strategies and diagnosis of CIN to minimize
its clinical impact.
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