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Clinical Pharmacology, Uses, and Adverse
Reactions of lodinated Contrast Agents:
A Primer for the Non-radiologist

Jeffrey ]. Pasternak, MD, and Eric E. Williamson, MD

Iodinated contrast agents have been in use since the 1950s to facilitate radiographic imaging modalities. Physicians in
almost all specialties will either administer these agents or care for patients who have received these drugs. Different
iodinated contrast agents vary greatly in their properties, uses, and toxic effects. Therefore, clinicians should be at least
superficially familiar with the clinical pharmacology, administration, risks, and adverse effects associated with iodin-
ated contrast agents. This primer offers the non-radiologist physician the opportunity to gain insight into the use of this
class of drugs.
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ontrast agents have long been used for the

imaging of anatomic boundaries and to ex-

plore normal and abnormal physiologic
findings. These agents have included colorimetric
contrast agents (eg, methylene blue and indocya-
nine green) and fluorescent contrast agents (eg,
fluorescein). However, the introduction of increas-
ingly faster and more discriminating radiographic
imaging techniques has resulted in the need for ra-
diation-attenuating contrast agents that can be used
in traditional radiographic imaging or, more re-
cently, in subtraction imaging, both of which can be
projected and rotated in 3 dimensions.

By far the most successful and widely applied
contrast agents in use today are the iodinated con-
trast agents (ICAs), first introduced into clinical
practice in the 1950s. It is estimated that approxi-
mately 75 million doses of ICAs are given worldwide
each year." The ICAs fall into 4 broad groups, each
possessing unique chemical, physical, and biologic
properties. These various ICAs are needed to ad-
dress the demands of a wide variety of imaging mo-
dalities (Table 1).

Given the frequent use of ICAs and the diversity
of images and patients requiring an ICA, it is not
surprising that physicians from virtually every spe-
cialty will encounter patients scheduled to receive,
or who have recently received, an ICA. Because the
ICAs collectively have the potential to meaningfully
alter patient physiologic features, produce immuno-
logic reactions, and affect patient outcomes (in con-
cert with, or independent of, other disease pro-
cesses), it is important that all physicians have an
appreciation for the indications for, selection of, and
consequences of ICA use. For these reasons, we pro-
vide a primer on ICA use for the non-radiologist.

CLINICAL PHARMACOLOGY
All'ICAs share a similar function group—a tri-iodin-
ated benzene ring (Figure 1). Iodine plays a key role
in the attenuation of x-rays. The atomic radius of a
covalently bonded iodine atom is approximately
133 picometers, which falls within the range of the
wavelengths of x-rays: 10 to 10,000 picometers;
thus, x-rays are easily attenuated by the iodine atoms.”
Furthermore, 3 iodine atoms covalently bonded to a
benzene ring offer 2 major advantages: (1) 3 large
atoms located in such close proximity increase the
effective molecular size, thus attenuating longer-
wavelength x-rays, and (2) covalent bonding to a
stable organic functional group (ie, benzene) re-
duces the risk of toxic effects from free iodide.
Two major chemical variations result in 4
classes of ICAs (Figure 2). Compounds consist of
either 1 tri-iodinated benzene ring (ie, monomers)
or 2 tri-iodinated benzene rings linked by an organic
functional group (ie, dimers). In addition, ionic ten-
dency is governed by the presence (ie, ionic) or ab-
sence (ie, nonionic) of a carboxylate (-COO-) func-
tional group contained on an organic side chain.
Typically, because the carboxylate moiety adds a net
negative charge to the molecule, these anionic
agents are usually available as salts of sodium, cal-
cium, or methylglucamine cations. Hence, the 4 ma-
jor classes of iodinated contrast agents are as fol-
lows:

1. Tonic monomer: single tri-iodinated benzene
ring with a carboxylate-containing benzene sub-
stituent.

2. Tonic dimer: 2 linked tri-iodinated benzene rings
in which at least 1 carboxylate-containing group
is substituted on at least 1 benzene ring.
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TABLE 1. Indications for Use of lodinated Contrast
Media

Intravascular
Intravenous
Computed tomography
Digital subtraction angiography
Intravenous urography
Venography (phlebography)
Inferior vena cava and its tributaries
Superior vena cava and its tributaries
Extremities
Other venous sites
Epidural venography
Intra-arterial
Angiocardiography
Computed tomography
Coronary angiography
Pulmonary angiography
Aortography
Visceral and peripheral arteriography
Digital subtraction angiography
Central nervous system
Cerebral, vertebral, and spinal angiography
Intrathecal (Use US Food and Drug Administration—
approved contrast media only)
Myelography (myelographic nonionic only)
Cisternography (myelographic nonionic only)
Other
Oral, rectal, or ostomy — gastrointestinal tract
Conventional fluoroscopy
Computed tomography
Therapeutic uses
Body cavity use
Herniorrhaphy
Peritoneography
Vaginography
Hysterosalpingography
Arthrography
Endoscopic retrograde cholangiopancreatography
Cholangiography
Nephrostography
Pyelography — antegrade, retrograde
Urethrography — voiding, retrograde
Cystography
Sialography
Ductography (breast)
Miscellaneous
Sinus tract injection
Cavity delineation (including urinary diversions,
such as loop and pouch)

Reprinted with permission of the American College of Radiology.'”

ARTICLE HIGHLIGHTS

Major reactions to iodinated contrast agents (ICAs) include contrast-
induced nephropathy and both acute and delayed reactions. Common
minor adverse reactions include rash, pain at the injection site, nausea,
vomiting, and minor hemodynamic changes, which are all usually self-
limiting.

Acute severe reactions are likely anaphylactoid in nature, and patients
with asthma, atopy, or a history of an acute reaction to an ICA are at
greatest risk.

Treatment of acute severe reactions should focus on prevention. In
patients at high risk, alternate imaging modalities should be considered
to avoid the use of ICAs. If that is not possible, ionic monomeric ICAs
should be avoided. Pretreatment with corticosteroids can reduce the
risk of, but not prevent, severe reactions. If a reaction occurs, the airway,
breathing, and circulation should be managed. Administration of epi-
nephrine and intravenous fluids is critical.

Route of administration of an ICA can affect the risk of developing
contrast-induced nephropathy. In patients at high risk, alternate imaging
should be considered. If ICA administration is required, the volume of
the ICA should be reduced and use of other nephrotoxic drugs should
be minimized or avoided. Patients should also receive intravenous
hydration, and the administration of both sodium bicarbonate and
N-acetylcysteine should be considered. Forced diureses with furo-
semide, mannitol, or dopamine (especially in patients with diabetes

mellitus) should be avoided.

3. Nonionic monomer: single tri-iodinated benzene
ring without a carboxylate-containing benzene
substituent.

4. Nonionic dimer: 2 linked tri-iodinated benzene
rings that do not contain a carboxylate functional
group within any benzene substituent.

The ICAs among the 4 groups have differing
properties, clinical uses, and toxicity profiles, and to
some degree these differences influence which types
of agents are used by the imaging department for
specific indications. For example, unlike nonionic
agents, which are uncharged, the charged ionic spe-
cies tend to disrupt the electrical potential of cell
membranes, accounting for their increased toxic-
ity.” Also, ionic monomers have the weakest ability
to attenuate x-rays and thus need to be administered
in high concentrations that are hyperosmolar (ap-
proximate osmolarity = 1500-2000 mOsm/L) com-
pared with blood (approximate osmolarity = 280-
290 mOsm/L). As such, ionic monomers are also
referred to as high-osmolarity agents. Low-osmolar-
ity agents include ionic dimers and nonionic mono-
mers with osmolarities in the range of 290 to 860
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FIGURE 1. Basic molecular structural units
of iodinated contrast agents. A, Monomeric
form. B, Dimeric form. Benzene rings are tri-
substituted at the 2, 4, and 6 positions with
iodine atoms. Substitution at site R, in the
monomeric form or R, in the dimeric form
with a carboxylate (-COO-)-containing group
results in “ionic” compounds; otherwise, sub-
stitution at this site with non—carboxylate-
containing functional group results in “non-
ionic” compounds. Sites R,, R,,, Ry, and R
have non-—carboxylate-containing functional
groups.

mOsm/L. Nonionic dimers are iso-osmolar with
blood, with an osmolarity of 290 mOsm/L.

All ICAs demonstrate low protein binding. Dis-
tribution from the intravascular compartment to
highly perfused organs, such as brain, liver, and kid-
ney, is rapid, whereas distribution to less perfused
organs and tissues, such as bone and fat, is much
slower. As such, the half-life of redistribution of the
intravascular compartment is still rapid (2-5 min-
utes for most agents). Currently, no available agent
undergoes clinically significant metabolism because
all are eliminated unchanged by the kidneys via glo-
merular filtration with no significant tubular reab-
sorption.” The elimination half-life of most agents
falls within the range of 90 to 120 minutes in pa-
tients with normal renal function and can be de-
layed, on the order of weeks, in patients with renal
insufficiency.

CLINICAL USES OF ICAs

The use of iodinated contrast media is essential to
the practice of radiology. Because the administration
of these agents carries some increased risk for pa-
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tients in certain clinical settings, it is important to
weigh risks and benefits of contrast administration
and choose the appropriate type and amount of con-
trast for each patient. Ideally, patients should be in-
formed of these risks. In patients at high risk for an
adverse event, the need for administration of an ICA
should be considered, as well as alternative imaging
modalities or the use of other contrast agents, such
as gadolinium.” Although the various ICAs differ in
anumber of physical and chemical properties, such
as viscosity, osmolarity, and immunogenicity, their
imaging characteristics are entirely based on the
ability to attenuate x-rays.® The ability of an ICA to
attenuate x-rays depends on the number of iodine
molecules present in the tissue to be imaged and is
inversely related to the x-ray energy used for imag-
ing. Therefore, the type and amount of contrast me-
dia used for a given purpose also depend on the
imaging characteristics needed. In general, there are
3 routes of administration for ICAs: intravascular,
enteric, and direct injection (see Table 1 for a com-
plete list).

Intravascular Contrast Administration
Intravascular administration of contrast is by far the
most common use of iodinated contrast media and
can be further subdivided into intra-arterial and in-
travenous injection. Intra-arterial injection is the
primary method of contrast delivery used in diag-
nostic catheter angiography and catheter-directed
arterial intervention, such as percutaneous angio-
plasty and stent placement. Factors that affect the
choice of type and amount of contrast to be admin-
istered include viscosity, iodine concentration, and
osmolarity.

The imaging modality used for most intra-arte-
rial injections is fluoroscopy. This modality requires
higher rates of contrast administration to opacify the
target vessels (up to 30 mL/s) as opposed to intrave-
nous injections used for computed tomography
(CT) scanning (typically 2-6 mL/s). Therefore, vis-
cosity plays a significant role in the delivery of intra-
arterial contrast media for angiography, and con-
trast agents are routinely warmed to 37°C so that
adequate flow rates can be attained during catheter
injection. In addition, iodine concentration can be
an important factor for adequate opacification,
and the use of high-iodine contrast media can be
helpful, particularly in larger patients. Finally, os-
molarity of intra-arterial contrast media has been
shown to affect patient comfort during extremity
angiography.” For this reason, iso-osmolar con-
trast is frequently used for upper- and lower-ex-
tremity runoff studies.

Intravenous contrast administration for the pur-
pose of CT scanning is the most common use of
iodinated contrast media. Intravenous injection of
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FIGURE 2. Properties of the 4 classes of iodinated contrast agents.

contrast is also used for studies of the genitourinary
tract, such as intravenous pyelography, and the ve-
nous system, such as direct venography; however,
these studies have been decreasing in use during the
last 2 decades, whereas the number of contrast-en-
hanced CT scans has increased significantly during
that same period.

As with catheter arteriography, CT uses iodinated
contrast media for arterial opacification and parenchy-
mal enhancement. After intravenous injection, arterial
contrast opacification is observed first, followed by pa-
renchymal contrast enhancement. The enhancement
observed is directly proportional to the local concen-
tration of iodine; however, depending on the indica-
tion, the requirements for amount and rate of contrast
administration may differ significantly.°

The primary goal of CT angiography is arterial
opacification. This opacification is proportional to
the iodine delivery rate, which is determined pri-
marily by the rate of contrast injection and is influ-
enced by the concentration of iodine in the contrast
medium.'® Because arterial opacification is the pri-

mary goal, the total amount of contrast media used
is frequently less of an issue than how quickly the
contrast can be injected. Therefore, as with catheter
angiography, viscosity and iodine concentration
have an effect on the selection of the appropriate
contrast media to be injected, particularly when in-
travenous access is limited. More viscous contrast
media, such as high-iodine concentration and iso-
osmolar contrast agents, are routinely warmed to
37°C so that adequate flow rates can be attained
during intravenous injection.

When the primary goal of CT scanning is eval-
uation of a solid organ, such as the liver or pancreas,
the situation changes. Parenchymal organ enhance-
ment is more dependent on total amount of iodine
administered than on iodine delivery rate.® There-
fore, lesion conspicuity within a solid organ may
require a larger volume of contrast media to be in-
jected, even if that contrast media cannot be admin-
istered very quickly. Therefore, viscosity tends to be
less an issue for nonvascular CT, and choice of con-
trast media is primarily based on safety profile.
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Complications of intravascular injection of io-
dinated contrast include anaphylactoid contrast re-
action and contrast-induced nephropathy, each of
which is discussed later in this article. An additional
risk of intravenous contrast injection is contrast me-
dia extravasation. Although uncommon, contrast
extravasation can lead to local edema and erythema.
Rarely, serious local effects, such as skin and subcu-
taneous ulceration and tissue necrosis, can occur.
Most published series suggest an extravasation rate of
less than 1% for intravenous injection of iodinated
contrast media for CT scanning.'"*'* Most contrast ex-
travasations are small volume, and symptoms resolve
with conservative treatment. Unfortunately, the ulti-
mate degree of injury cannot be determined at initial
examination. Although no consensus exists regarding
the management of contrast media extravasation, care-
ful monitoring is recommended, and persistent pain,
skin blistering, or evidence of altered tissue perfusion is
considered to be evidence of serious injury.'” Asarule,
the radiology department at our institution recom-
mends plastic surgery consultation for large-volume
extravasation (>100 mL).

Enteric Contrast Administration

Although oral or enteric contrast examinations tra-
ditionally are performed with barium suspensions,
iodinated contrast media is also frequently used for
this purpose. In general, iodinated contrast is pre-
ferred to barium when there is a risk of bowel leak
or obstruction because extraintestinal barium can
cause inflammation and adhesions. Diatrizoate meglu-
mine (GastroView) and diatrizoate sodium (Hypaque)
are examples of iodinated contrast used for fluoro-
scopic examinations, typically at a 20% concentration.
These agents can also be used in a more dilute form for
CT examinations (usually 2% to 3% concentration).
Similarly, nonionic contrast agents, such as iohexol
(Omnipaque), can be used for oral administration. At
the dilutions used for CT scanning, these agents are
nearly tasteless when dissolved in water.

The amount and route used for enteric contrast
depend on the bowel segment that needs to be opac-
ified. Fluoroscopic gastrointestinal studies are per-
formed under direct visualization with real-time
guidance; however, CT studies with enteric contrast
may require preparation time to allow passage of
oral contrast material into the corresponding bowel
segment. If the esophagus and stomach are to be opac-
ified, the patient can undergo imaging immediately af-
ter drinking the appropriate contrast mixture. Opaci-
fication of the small bowel, including the terminal
ileum, can be accomplished using 750 mL of oral con-
trast with a delay time to imaging of approximately 90
minutes. Opacification of the entire small and large
bowel frequently requires a second administration of
750 mL of oral contrast with imaging at 2 to 3 hours.

MAYO CLINIC PROCEEDINGS

Frequently, 200 to 300 mL of “top-off” drinks may be
given at the time of the CT scan to reopacify the stom-
ach and duodenum. In rare circumstances, 200 to 300
mL of rectal contrast may need to be administered to
completely opacify the colon.

Although extremely rare, anaphylactoid-type
contrast reactions have been reported after the oral
administration of iodinated contrast. Typically,
these reactions occur in the same time frame as re-
actions to intravascular contrast, can be similar in
severity, and are treated using the same meth-
ods.'™!"? Because of the rarity of these reactions,
corticosteroid premedication before oral contrast
administration is not considered the standard of
care for patients with a history of a reaction to intra-
venous contrast. In a to intravenous contrast. In ad-
dition, the potential deleterious effects of iodinated
contrast media on the kidney are not believed to
occur in a clinically significant manner for nonvas-
cular routes of administration.

Direct Contrast Injection
Direct injection of iodinated contrast comes in 2
basic forms: injection via percutaneous needle ac-
cess, such as direct arthrography, and injection via
an indwelling catheter or tube, such as cystography
or sinography. Contrast injection of this type differs
from intravascular injection in that the contrast is
not rapidly cleared by the kidneys after image acqui-
sition but is evacuated back through the catheter or
by natural drainage. In some cases, such as articular
injection and myelography, the contrast is absorbed
slowly back into the body via the lymphatic system.
As with enteric contrast administration, con-
trast reactions have been reported but are extremely
rare. Contrast-related complications from such pro-
cedures are far more frequently associated with ad-
verse local reactions.'® Therefore, the contrast prep-
aration for each of these procedures should be
specifically formulated for the appropriate indica-
tion (Supplemental Appendix, reprinted with per-
mission of the American College of Radiology, avail-
able online at http://www.mayoclinicproceedings.
org)."” As with oral contrast administration, the po-
tential effects of iodinated contrast on the kidney are
not believed to be significant for direct contrast
injection.

ADVERSE REACTIONS TO ICAs

The incidence of adverse reactions is more common
after the use of high-osmolarity agents: approxi-
mately 15% with a high-osmolarity agent vs only 3%
with a low-osmolarity ICA."® Therefore, the use of
high-osmolarity agents has decreased significantly
in recent years. The causes of most adverse effects
and adverse reactions to ICAs are multifactorial and
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are probably due to a combination of direct chemo-
toxicity, the ionic state (ie, ionic vs nonionic), or the
osmolarity of the injected ICA preparation. A sum-
mary of adverse reactions to ICAs, including signs,
symptoms, diagnosis, preventive measures, and
treatment options, can be found in Table 2.

Acute Contrast Reactions

Acute adverse reactions to ICAs occur within 1 hour
of use. The overall incidence of severe acute reac-
tions to ICAs depends on the class of agent admin-
istered. Specifically, severe acute reactions are 5
times more common after the administration of an
ionic, monomeric, high-osmolarity agent vs a low-
or iso-osmolar agent with a risk of 0.22% vs
0.04%."? Overall mortality from acute reactions to
ICAs is 1:13,000 to 1:169,000.'%*" The severity of
these reactions can range from mild to severe and
life-threatening. Common benign reactions include
pain on intravascular injection, nausea and vomit-
ing, rash, and hemodynamic changes. Pain after in-
jection is most commonly encountered with ionic
monomers, such as diatrizoate,”” and is thought to
be related to the high osmolarity and greater associ-
ation of endothelial injury with ionic agents.””**
Nausea and vomiting occur in up to 6.7% of patients
who receive ICAs and, as with pain on injection, are
more common with the high-osmolarity ionic mo-
nomeric agents.”” Vagal episodes can occur and
manifest as bradycardia with hypotension.

Severe acute reactions typically manifest as pru-
ritus and urticaria in addition to bronchospasm,
dyspnea, hypotension, laryngeal edema, and cardio-
vascular collapse. Although the clinical appearance
may be similar to that of a type I hypersensitivity
anaphylaxis reaction, most reactions are probably
anaphylactoid (ie, nonspecific activation of the com-
plement system) in nature because prior exposure to
an ICA is not necessary, IgE antibodies cannot be
consistently demonstrated in patients who experi-
ence these episodes, and the reactions do not con-
sistently recur in the same patient.”°*° However,
Laroche et al’® showed that serum tryptase (an en-
zyme released by mast cells along with histamine
during degranulation) and anti-ICA—specific IgE
levels are elevated in patients who experienced a
severe acute reaction to an ICA; this finding sup-
ports an anaphylaxis-type reaction. These reactions
typically involve the release of inflammatory medi-
ators, such as histamine, serotonin, bradykinin,
adenosine, prostaglandins, and leukotrienes, which
accounts for the development of symptoms, and
tend to be unpredictable and non—dose dependent.
Therefore, both anaphylactic and anaphylactoid re-
actions probably occur; however, signs, symptoms,
and treatment are similar.

Management of acute reactions should begin by
identifying patients who are at risk and preventing
these events from occurring in the first place. The 3
most common risk factors for an acute reaction to
ICAs are a history of asthma, a prior reaction to an
ICA, and atopy. These 3 factors increase the risk of
developing an acute reaction to an ICA by 6- to
10-fold, 5-fold, and 3-fold, respectively.”"** Given
that the risk of severe acute reactions is increased
after the use of ionic monomeric ICAs, these agents
should be avoided in high-risk patients, if possible.
Also, the use of imaging studies that do not involve
the use of ICAs altogether (eg, ultrasonography and
magnetic resonance imaging) should be considered
if these studies are feasible alternatives. Prior con-
sultation with an allergist can prove helpful in iden-
tifying patients who may be at risk for anaphylactic
reactions; however, the clinician should be aware
that allergy testing, although rarely performed, will
not be predictive of the development of future ana-
phylactoid reactions.

In patients at risk for an acute reaction, pretreat-
ment with corticosteroids, with or without concom-
itant use of histamine receptor antagonists, is a com-
mon practice. However, for the prevention of severe
and life-threatening reactions, treatment with meth-
ylprednisolone, 32 mg orally, 2 hours before ICA
exposure was not effective at reducing the risk of an
adverse reaction (0.5% vs 0.2% in the corticosteroid
and control groups; P>.05). 33 Patients who re-
ceived 2 doses of oral methylprednisolone, 32 mg
each (one 6-24 hours before and another 2 hours
before administration of an ICA), had a 4.5-fold
reduction in the incidence of severe acute reactions
(0.2% vs 0.9% in the corticosteroid and control
groups; P=.005).”>”* Furthermore, the use of a
nonionic monomeric agent provides greater protec-
tion from a severe reaction than the use of an ionic
monomer with corticosteroid prophylaxis®’; how-
ever, severe reaction can still occur despite cortico-
steroid pretreatment and the use of low-osmolarity
contrast media.”””* In patients at risk for acute
reaction, pretreatment with corticosteroids is a com-
mon practice. For adults at Mayo Clinic in Roches-
ter, Minnesota, this consists of methylprednisolone,
32 mg orally, both 12 hours and 2 hours before the
administration of an ICA (ie, “the Lasser prep”).H
“The Greenberger prep” is a commonly used alter-
native and consists of triple therapy with predni-
sone, 50 mg, administered orally 13 hours, 7 hours,
and again at 1 hour before ICA administration, and
both diphenhydramine, 50 mg, and ephedrine, 25
mg, administered orally 1 hour before contrast.”®

For mild reactions, because they are usually
self-limiting and often present no major threat to the
patient’s well-being and long-term outcome, treat-
ment is often symptomatic. Antiemetics such as pro-
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TABLE 2. Summary of Adverse Reactions to lodinated Contrast Agents

Definition
Acute reaction

Occurs within | h of receiving an
iodinated contrast agent

Usually mediated by osmotic or
chemotoxicity

Severe reactions are usually
anaphylactic or anaphylactoid

Delayed reaction

Occurs between | h and | wk
after receiving an iodinated
contrast agent

Cutaneous reactions are typically
a T-cell-mediated type IV
hypersensitivity reaction

Other symptoms may be due to
chemotoxicity

Contrast-induced nephropathy
Exact cause is unknown but can
be attributed to:

Contrast agent-induced
vasoconstriction

Increased renal tubular flow
causing decreased filtration
via tubuloglomerular
feedback

Direct renal epithelial toxicity

Increased free radial
formation

ACE = angiotensin-converting enzyme inhibitor; IM = intramuscular; IV = intravenous.

Signs and symptoms

Can be variable in presentation and severity
Common signs and symptoms:

Nausea, vomiting

Pain on injection

Hemodynamic changes

Vagal reaction (bradycardia and

hypotension)

Arrhythmia

Anaphylaxis or anaphylactoid reaction
Rash (pruritic urticaria)
Angioedema
Flushing/rash
Bronchospasm

Cardiovascular collapse

Can be variable in presentation and severity

but are generally less severe
than acute reactions

Common signs and symptoms:

Rash and pruritus most common

Severe skin reactions (eg, Stevens
Johnson reactions can occur but
are very rare)

Nausea

Vomiting

Diarrhea

Hypotension (rare)

A >25% increase in baseline serum

creatinine in a patient within 3 d
after receiving an iodinated
contrast agent

Risk factors

Patients with a history of:
Asthma
Prior reaction to contrast
Atopy

Greater risk with ionic monomers

Patients with a history of:
Prior reaction to contrast
Those being treated with
interleukin 2
Greatest risk with nonionic dimers
Risk may be increased with sun

exposure

Preexisting renal dysfunction

Dehydration

Increased age

Diabetes mellitus

Hypertension

Poor renal perfusion:
Congestive heart failure
Myocardial infarction
Hemodynamic instability
Concurrent use of renotoxic drugs
Aminoglycosides
ACE inhibitors

Use of a high-osmolality contrast agent

High volumes of contrast agent

Preventive measures

Consider alternate imagining with
technique that does not require
iodinated contrast agent use

Avoid use of ionic monomers if possible

Pretreatment with corticosteroids with
or without antihistamines may
reduce the incidence of, but not
prevent, severe reactions

Consider alternate imagining with
technique that does not require
iodinated contrast agent use

Avoid use of nonionic dimers if possible

Pretreatment with corticosteroids can
be helpful to lessen the severity

Consider alternate imagining with
technique that does not require
iodinated contrast agent use

Avoid use of ionic monomers if possible

Minimize volume of contrast used

Treat dehydration

Prophylactic hydration with 0.9% sodium
chloride or an equiosmolar solution
of sodium bicarbonate

Consider N-acetylcysteine

Avoid forced diuresis with furosemide
or mannitol

Avoid the concurrent administration of
renotoxic drugs, if possible

Treatment

Symptomatic treatment for mild reactions:
Antiemetics for nausea and vomiting
Corticosteroids and antihistamines for
rash and pruritus

Intravenous fluids and pressors for
hypotension

Atropine for a vagal reaction

For severe reactions:

Ensure a patent airway and ensure
oxygen delivery

Epinephrine, 0.2-0.5 mg IM every 5-
|5 min, or administered IV and
doses titrated to effect

Corticosteroids

Symptomatic treatment:
Antiemetics for nausea and vomiting
Corticosteroids and antihistamines for
rash and pruritus
Intravenous fluids and pressors for
hypotension

Given the generally benign course,
patients are usually observed.
Continue to:
Avoid dehydration
Avoid concurrent administration of
renotoxic drugs
Consider hemodialysis and consultation
with a nephrologist
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chlorperazine, 12.5 mg intravenously, or ondanse-
tron, 4 mg intravenously, can be used to treat nausea
and vomiting. Diphenhydramine, 25 to 50 mg in-
travenously, with hydrocortisone, 100 mg intrave-
nously, or equivalent can be administered if the pa-
tient develops rash and pruritus. In those with mild
hypotension, intravenous fluids and mild pressors
(eg, ephedrine or phenylephrine) can be given. If the
hypotension occurs with bradycardia (ie, a vagal ep-
isode), 0.2 to 0.4 mg of atropine intravenously
should be administered and repeated if necessary.

For patients who develop a severe acute reac-
tion to ICAs, such as anaphylaxis or an anaphylac-
toid reaction, treatment is generally guided by the
ABCs of airway, breathing, and circulation. One
should begin by calling for help while ensuring a
patent airway and adequate oxygen delivery. The
World Allergy Organization recommends epineph-
rine as the drug of choice for the treatment of ana-
phylaxis and anaphylactoid reactions.”” a-Adrener-
gic receptor agonism by epinephrine reverses the
vasodilatation during anaphylaxis and alleviates hy-
potension, urticaria, and angioedema. B-Adrenergic
agonism produces bronchodilatation, increases car-
diac output, and can serve to reduce the further
release of inflammatory mediators by mast cells and
basophils.’®*° Epinephrine should be administered
intramuscularly, 0.2 to 0.5 mg (ie, 0.2-0.5 mL of
1:1000 [1 mg per 1 mL] solution) every 5 to 15
minutes as necessary. Alternatively, epinephrine may
be administered intravenously by clinicians familiar
with intravenous dosing of epinephrine (titrated to
clinical response); however, specific dosing guidelines
for intravenous epinephrine are not available.”” Liberal
use of intravenous fluids during this period will also
help offset the relative hypovolemia that occurs sec-
ondary to vasodilatation and movement of fluids from
the intravascular compartment into the extracellular
space. In addition, hydrocortisone, 100 mg intrave-
nously, or equivalent should be administered after the
patient is oxygenating well and hemodynamically sta-
ble. The patient should be monitored for further de-
compensation after the effects of epinephrine dissipate.
Therefore, equipment used for the treatment of such
reactions (ie, airway devices, supplemental oxygen, in-
travenous fluids, and epinephrine) should be readily
available and the staff appropriately trained in the use
of such equipment in all locations where ICAs are
administered.

Delayed Reactions to Contrast Agents

Delayed reactions to contrast agents are those that
occur at least 1 hour after but within 1 week of
receiving an ICA. Typical delayed reactions can
manifest with signs and symptoms similar to an
acute reaction, such as rash, pruritus, nausea, vom-
iting, diarrhea, and, occasionally, hypotension;

however, reactions with cutaneous manifestations
are most common. These cutaneous manifestations
can be diverse in nature but typically occur as a
pruritic maculopapular rash or urticaria.*® Severe
skin reactions, such as toxic epidermal necrolysis
and Stevens-Johnson syndrome, have also been re-
ported.”"** Delayed reactions tend to be milder in
nature than acute reactions. The overall incidence of
delayed reactions after the administration of an ICA
can be as high as 14%.* Iso-osmolar agents (e,
nonionic dimers) are associated with the highest
risk of causing a delayed reaction. Specifically, the
incidence of a delayed cutaneous reaction after a
nonionic dimer is 3 times greater than after the use
of a nonionic monomer or an ionic dimer.*> Some
data suggest an association between sun exposure
and the risk of developing a delayed cutaneous re-
action to ICAs, due to a possible photosensitizing
effect by ICAs.*™*

Cutaneous delayed reactions are thought to be
due to a T-cell-mediated type IV hypersensitivity
reaction and are believed to be a reaction generated
against the 1CA molecule itself, not iodine.*” De-
layed reactions are more common in patients treated
with interleukin 2 because interleukin 2 is a potent
stimulator of T lymphocytes.”® As with acute reac-
tions, the management goal for delayed reactions is
to identify patients at risk and minimize the risk of a
reaction. Patients at greater risk for a delayed reac-
tion to ICAs are those who had a prior reaction to an
ICA agent, who are to receive a nonionic dimeric
ICA, and who are being treated with interleukin 2.
Although skin testing may be used to confirm a re-
action to an ICA, the sensitivity of the test may de-
pend on the duration of the administration of the
test compared with the timing of initial ICA expo-
sure.”” Furthermore, a negative predictive value of
97% suggests that skin testing may be more useful to
rule out a reaction to ICAs.*® In patients with a prior
reaction, ICAs should be avoided, if possible. How-
ever, in those with a prior reaction who still require
the use of ICAs, nonionic dimeric ICAs should be
avoided and corticosteroid prophylaxis should be
considered.” In those who develop a reaction,
treatment is usually based on symptoms. For cuta-
neous reactions, treatment with corticosteroids can
be helpful. For severe cutaneous reactions or those
that do not resolve quickly, consultation with a der-
matologist should be considered.

Contrast-Induced Nephropathy

Contrast-induced nephropathy refers to a reduction
in renal function after the administration of an ICA.
The standard diagnostic criteria for contrast-in-
duced nephropathy is a greater than 25% increase in
baseline serum creatinine concentration within 3
days of receiving an ICA after other possible causes
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have been ruled out. Serum creatinine will usually
peak within 3 to 7 days and return to baseline (or a
new baseline) within 14 days. In many patients, the
course is usually benign; however, the development
of contrast-induced nephropathy can prolong hos-
pital stay, increases the need for dialysis, and in-
creases overall mortality.”®”!

The major risk factors for contrast-induced ne-
phropathy can be found in Table 2. Preexisting renal
dysfunction is the greatest risk factor for developing
contrast-induced nephropathy, and the risk be-
comes greater with increasing baseline renal impair-
ment. The incidence of contrast-induced nephrop-
athy is less than 5% in patients with normal renal
function but can be as high as 50% in those with
preexisting renal dysfunction.”® Compared with
those with normal renal function, patients with a
baseline serum creatinine concentration of 1.2
through 1.9 mg/dL, 2.0 through 2.9 mg/dL, and 3.0
mg/dL or more (to convert to wmol/L, multiply by
88.4) have a 2.4, 7.4, and 12.8 increased odds of
developing contrast-induced nephropathy after ad-
ministration of an ICA for a coronary intervention.””
In one report, the risk of developing contrast-in-
duced nephropathy was 2%, 10.4%, and 62% for
patients with a preprocedural baseline serum creat-
inine concentration of 1.2 mg/dL or less, 1.3
through 1.9 mg/dL, and 2.0 mg/dL or higher, re-
spectively.”* Other patient factors include age, sys-
temic diseases that predispose patients to renal dys-
function (eg, diabetes mellitus and hypertension),
and factors that contribute to a reduction in cardiac
output (eg, severe hemodynamic instability, dehy-
dration, congestive heart failure, and myocardial in-
farction within 24 hours of receiving an ICA). Re-
cent use of nephrotoxic drugs (eg, aminoglycosides)
or drugs that alter renal hemodynamics (eg, nonsteroi-
dal anti-inflammatory agents and angiotensin-convert-
ing enzyme inhibitors) may also predispose patients to
the development of contrast-induced nephropathy.”

The nature of the ICA and volume administered
can also influence the risk of developing contrast-
induced nephropathy and appears to be greatest af-
ter the use of high-osmolar ionic monomers, espe-
cially in patients with preexisting renal disease.
However, it is still unclear whether there is a differ-
ence in the risk of developing contrast-induced ne-
phropathy after the use of either nonionic dimers or
nonionic monomers.”* For a given ICA preparation,
increased volume of ICA administered clearly in-
creases the risk of nephropathy. In patients under-
going coronary angiography, each additional 100
mL of ICA increased the risk of subsequent devel-
opment of nephropathy by 12%.”°

The route of contrast administration may also
have an effect on the development of nephropathy.
Most clinical studies of contrast-induced nephropa-

MAYO CLINIC PROCEEDINGS

thy relate to intraarterial injection of contrast media,
whereas corresponding studies of nephropathy after
an intravenous contrast injection are somewhat
lacking. Recently, some investigators have ques-
tioned the existence of clinically significant contrast-
induced nephropathy from intravenous injection of
iodinated contrast.”® Additional studies with ade-
quate control groups will be necessary to answer this
question.

The specific cause of contrast-induced ne-
phropathy is not known; however, multiple factors
are thought to contribute to renal impairment asso-
ciated with ICA use. The ICAs can produce transient
vasodilatation followed by prolonged vasoconstric-
tion, which can last 1 to 2 hours, thus reducing renal
perfusion. This vasoconstriction is hypothesized to
be due to a direct effect of ICAs on the renal endo-
thelial cells, causing an increased production of en-
dothelin, prostaglandins, and adenosine. The ICA
molecules are filtered at the glomerulus but not re-
absorbed within the renal tubules. Most notable
with the high-osmolarity ionic monomers, this re-
sults in increased tubular flow and, because of tubu-
loglomerular feedback (and direct renal vasocon-
striction), in a decrease in glomerular filtration. The
ICAs are also toxic to renal epithelial cells, causing
an increase in the production of free radicals and
activating apoptosis in the cells of the thick ascend-
ing limb of the loop of Henle.'® One must also note
that a reduction in renal function after a radiologic
study may not necessarily be due to contrast-in-
duced nephropathy because another disorder in-
cluded in this differential diagnosis is renal athero-
embolic disease due to the use of an aortic catheter
(ie, with coronary or cerebral angiography after fem-
oral artery cannulation), which usually occurs days
to weeks after a procedure; it is often associated with
other manifestations of embolic events, such as dig-
ital or mesenteric ischemia.

Treatment should begin by preventing contrast-
induced nephropathy in patients who are at in-
creased rtisk’’ (Table 2). In these patients, one
should consider the possibility of alternate testing
that would not involve the use of an ICA. If that is
not possible, the total volume of low- or iso-osmolar
ICA should be minimized. Contrast volume should
be adjusted to body weight and serum creatinine as
when total volume (in milliliters) of ICA exceeded 5
times (body weight [in kilograms]/baseline serum
creatinine [in milligrams per deciliter]) the risk of
the need for dialysis increased by a factor of 12.°°
One should also consider avoiding the concurrent
administration of nephrotoxic drugs with ICAs, and
intravascular volume depletion should be treated.
Other treatments include volume expansion, so-
dium bicarbonate, diuretics, N-acetylcysteine, do-
pamine receptor agonists, renal vasodilators, and
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prophylactic hemofiltration; we will discuss each of
these.

Adequate hydration, and especially avoidance
of dehydration, is critical for attenuating the risk of
contrast-induced nephropathy.”® However, some
patients may require careful hydration, such as
those with congestive heart failure. At-risk patients
may be hydrated with oral or intravenous fluids, at
least 100 mL/h starting at least 4 hours before re-
ceiving contrast and continuing for at least 24 hours
after contrast administration.””-°° Furthermore, hy-
dration with isotonic solutions (ie, 0.9% sodium
chloride) has been shown to be superior at reducing
the incidence of contrast-induced nephropathy (es-
pecially in women, those with diabetes mellitus, and
those who received more than 250 mL of contrast),
compared with hypotonic solutions (ie, 0.45% so-
dium chloride).®* Hydration with an isotonic so-
dium bicarbonate solution (154 mEq/L) might be
superior to an equiosmolar solution of sodium chlo-
ride (154 mEq/L) at further reducing the incidence
of contrast-induced nephropathy; in patients with
chronic renal insufficiency, the reported incidence
of contrast-induced nephropathy was 13.6% with
sodium chloride hydration and 1.7% with sodium
bicarbonate hydration (P=.02).°* A sodium bicar-
bonate solution can be prepared by adding 150 mL
of I-mEq/mL sodium bicarbonate to 850 mL of 5%
dextrose in water. This solution is administered at
3.5 mL/kg for 1 hour before contrast exposure and
1.18 ml/kg/per hour for 6 hours after contrast ex-
posure. Because free radical formation is promoted
in an acidic environment, sodium bicarbonate is be-
lieved to attenuate contrast-induced nephropathy
by increasing the pH of renal tubular fluid, thus
decreasing free radical formation.®” Recently, From
et al®’ retrospectively reviewed 11,516 contrast ex-
posures in 7977 patients and reported that sodium
bicarbonate use increases the risk of contrast-in-
duced nephropathy, in contradistinction to the pro-
spective data obtained from 199 patients reported
by Merten et al.%” Further study will be needed to
sort out this discrepancy and determine whether so-
dium bicarbonate is beneficial in only certain sub-
groups of patients.®* Still, many recommend pro-
phylactic sodium bicarbonate administration in
high-risk patients.

Forced diuresis can have an adverse effect on
the risk of developing contrast-induced nephropa-
thy. Rates of contrast-induced nephropathy have
been reported to be either similar® or worse®® after
use of furosemide compared with saline hydration
alone. Addition of mannitol to saline hydration has
shown benefit in reducing the risk of contrast-in-
duced nephropathy.®>°° These data are not surpris-
ing because furosemide and mannitol both increase
tubular fluid flow, which can further decrease glo-

merular filtration via tubuloglomerular feedback,
and both agents can also result in dehydration. In
addition, mannitol increases renal oxygen con-
sumption and is a renal vasoconstrictor. Thus,
forced diuresis should be avoided in patients at risk
for contrast-induced nephropathy.

Use of N-acetylcysteine, a free radical scavenger
and renal vasodilator,®” has produced mixed results
in the prevention of contrast-induced nephropathy.
The largest and most recent meta-analyses showed a
benefit from the use of N-acetylcysteine in high-risk
patients; however, there was considerable variability
in both dosing and efficacy.®®“® As such, the au-
thors refrained from making clinical recommenda-
tions based on their pooled data. N-acetylcysteine
may show the greatest benefit when used in patients
with severe preexisting renal dysfunction.””" Fur-
thermore, N-acetylcysteine has a relatively safe tox-
icity profile. Because its use is unlikely to cause harm
and may provide protection against contrast-in-
duced nephropathy, N-acetylcysteine could be con-
sidered. Generally, N-acetylcysteine is administered
to adults orally as 600 mg twice per day for 2 days
before receipt of an ICA, although doses up to 1200
mg twice per day have also been reported and might
be more efficacious.®”

Low-dose dopamine (<2 ug/kg/per minute) in-
creases renal blood flow and reduces sodium reab-
sorption, thus inducing diuresis. Use of low-dose
dopamine to prevent contrast-induced nephropathy
has demonstrated mixed results and may be harmful
in patients with diabetes mellitus.””"? Recent find-
ings derived from larger investigations have shown
that fenoldopam can reduce the incidence of ICA-
induced nephropathy, especially if administered di-
rectly into the renal arteries.””"” Direct administra-
tion into the renal vasculature has been shown to
reduce the risk of systemic hypotension, possibly
allowing higher doses of fenoldopam to reach the
kidneys while avoiding systemic hypotension. Other
agents, such as adenosine receptor antagonists and
calcium channel antagonists, show mixed and in-
consistent results in reducing the incidence of con-
trast-induced nephropathy.”” As such, the currently
available literature does not support the use of low-
dose dopamine, adenosine receptor antagonists, or
calcium channel antagonists to reduce the incidence
of contrast-induced nephropathy.

Hemodialysis is effective at removing the ICA
from circulation, but the use of hemodialysis after
exposure to an ICA has not been shown to reduce
the risk of the subsequent development of nephrop-
athy in patients with preexisting renal insuffi-
ciency.”® However, Marenzi et al’” showed that he-
mofiltration use before, during, and after the
administration of ICAs in patients with severe renal
dysfunction may show promise for reducing the in-
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cidence of contrast-induced nephropathy and in-
hospital adverse events. Therefore, additional stud-
ies will be required to determine the utility of
hemodialysis or hemofiltration as a preventive mea-
sure against contrast-induced nephropathy in at-
risk patients.

In patients who develop contrast-induced ne-
phropathy, the treatment is similar to the methods
for prevention. Adequate hydration remains the
mainstay of therapy with additional protective mea-
sures, such as avoiding other nephrotoxic drugs and
possibly instituting hemodialysis, can be consid-
ered. Early consultation with a nephrologist might
prove helpful. Fortunately, in most circumstances,
contrast-induced nephropathy follows a benign
course and often spontaneously resolves.

CONCLUSION

Adverse reactions to ICAs are common; however,
severe reactions are rare. Most severe acute reactions
and contrast-induced nephropathy occur with high-
osmolarity ionic monomeric ICAs. Delayed reac-
tions are most common after nonionic dimers. The
best means to treat all adverse reactions is to prevent
them from occurring. Identification of patients who
are at risk for adverse reactions and minimizing risk
by following preventive measures or using alterna-
tive (ie, ICA independent) diagnostic techniques can
be helpful in reducing the incidence of adverse ef-
fects. Furthermore, physicians responsible for or-
dering imaging tests that require the use of ICAs
should consider addressing risks, benefits, and al-
ternatives with their patients given the potential for
adverse outcomes associated with this class of drugs.
Equipment and drugs used to treat severe and life-
threatening reactions should be readily available in
all clinical locations where ICAs are administered.

SUPPLEMENTAL ONLINE MATERIAL
Supplemental material can be found online at
http://www.mayoclinicproceedings.org.

Abbreviations and Acronyms: CT = computed tomogra-
phy; ICA = iodinated contrast agent
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