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Imaging-related medications: a class overview

Jill M. Widmark, RPh

Imaging-related medications (contrast agents) are commonly utilized
to improve visualization of radiographic, computed tomography (CT),
and magnetic resonance (MR) images. While traditional medications
are used specifically for their pharmacological actions, the ideal imaging
agent provides enhanced contrast with little biological interaction. The
radiopaque agents, barium sulfate and iodinated contrast agents, confer
“contrast” to x-ray films by their physical ability to directly absorb x-rays.
Gadolinium-based MR agents enhance visualization of tissues when
exposed to a magnetic field. Ferrous-ferric oxide—based paramagnetic
agents provide negative contrast for MR liver studies. This article provides
an overview of clinically relevant information for the imaging-related
medications commonly in use. It reviews the safety improvements in
new generations of drugs; risk factors and precautions for the reduc-
tion of severe adverse reactions (i.e., extravasation, contrast-induced
nephropathy, metformin-induced lactic acidosis, and nephrogenic fibros-
ing dermopathy/nephrogenic systemic fibrosis); and the significance
of diligent patient screening before contrast exposure and appropriate
monitoring after exposure.

maging-related medications are commonly utilized to improve

visualization of radiographic, computed tomography (CT),

and magnetic resonance (MR) images. Until recently, phar-

macists had little interaction with radiology or special imaging
departments. Imaging-related products routinely fell under the
auspices of a radiologist and were historically not even considered
to be “medications.” These agents effectively had been excluded
from the pharmacist’s purview. Imaging-related medications are
designated as prescription drugs in accordance with Food and
Drug Administration (FDA) regulations and are subject to the
investigational new drug and new drug application processes (1).
In 2004, the Joint Commission confirmed that imaging-related
medications are considered drugs and clarified medication man-
agement standard 4.10—“All prescriptions or medications orders
are reviewed for appropriateness”—to include contrast agents,
diagnostic agents, and radioactive agents.

This article begins by discussing two types of radiopaque
agents: barium sulfate and iodinated contrast. X-rays readily
pass through most body tissues, with the exception of bones.
Radiopaque agents are utilized to enhance x-ray and CT scans
by blocking x-ray transmission. Unlike barium sulfate agents,
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which are limited to oral and rectal administration, organic
iodinated compounds can be administered by a variety of routes
(e.g., oral, rectal, intravenous, intravesicular, intravertebral, and
intrasplenic). Selected iohexol and iopamidol products have
FDA indications for intrathecal administration. After discuss-
ing radiopaque agents, the article reviews the more complex
paramagnetic agents that enhance image contrast upon exposure
to a strong magnetic field (2).

BARIUM PREPARATIONS

Barium sulfate is employed for radiologic imaging and other
diagnostic procedures of the gastrointestinal tract. Its value is
based not on its pharmacologic effects but rather on its inherent
radiopaque nature. Barium sulfate is administered only by the
oral or rectal route. It is neither absorbed nor metabolized in
patients with a normal gastrointestinal tract and is excreted un-
changed in the feces. Barium sulfate improves the visualization
of the gastrointestinal tract in an x-ray image. The area where
barium localizes will appear white on the x-ray film, creating
distinctive definition and visual contrast between an organ and
the surrounding tissues. The onset, duration, and degree of
visualization of specific regions of the gastrointestinal tract are
dependent upon many factors: normal versus diseased gastro-
intestinal tract, rate of peristalsis, method of administration,
product formulation, and dosage and concentration of barium
sulfate. Orally ingested suspensions provide sufficient contrast
for visualization of the esophagus and stomach immediately.
The small intestine may be visualized within 15 to 90 minutes.
Rectally administered suspensions provide sufficient contrast
of the colon immediately (3).

Safety issues

Adverse reactions with barium sulfate are infrequent, mild,
and self-limiting. Cramping from distention of the intestine
may occur as well as nausea and vomiting. Constipation or intes-
tinal obstruction due to colon impaction may occur frequently
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in cystic fibrosis patients or those who are dehydrated. Although
rare, mild allergic reactions (generalized pruritus, erythema, or
urticaria) will respond to an antihistamine. More serious reac-
tions include laryngeal edema, bronchospasm, or hypertension.
Due to the increased likelihood of allergic reactions in atopic
patients, a complete history must be obtained, including known
or suspected allergies in addition to allergy-like symptoms (e.g.,
thinitis, bronchial asthma, eczema, and urticaria), prior to any
procedure (3).

Safe use of barium sulfate during pregnancy has not been
established, as elective radiography of the abdomen is consid-
ered to be contraindicated during pregnancy due to fetal risk.
Barium sulfate should be used in pregnant women only if the
possible benefits outweigh the potential risks. Barium sulfate
does not pass into breast milk and has not been reported to
cause problems in breastfed babies (3).

IODINATED CONTRAST AGENTS

The most significant attribute of iodinated contrast agents is
their iodine content. The relatively high atomic weight of iodine
provides radiodensity and allows for radiographic contrast with
surrounding tissues. lodinated contrast agents do not differ
significantly from one another in their resultant imaging capa-
bilities. The degree of opacity produced is directly proportional
to the total amount of iodine in the path of the x-rays. When
similar concentrations, volumes, and administration rates are
utilized, the radiographic image produced is very similar. The
biggest difference in iodinated contrast agents is their adverse-
reaction profiles (2, 4-6).

The first-generation contrast agents were all high-osmolar
ionic monomers. High-osmolar contrast media (HOCM) have
an osmolality 5 to 8 times that of blood. These agents are as-
sociated with high rates of adverse reactions when administered
by the intravascular route due to the biological effects of high
osmolality. For this reason, HOCM have fallen out of favor
for routine intravascular injection and have been replaced by
newer moieties with improved tolerability and safety profiles.
Selected older agents are still commonly utilized in gastroin-
testinal procedures or retrograde urological procedures because
they provide excellent imaging at a lower cost (6).

The second-generation contrast agents were developed to
circumvent the problems associated with the first-generation
HOCM. These nonionic monomers have water-soluble mol-
ecules that do not further dissociate in solution, allowing for a
lower-osmolality product. Second-generation low-osmolality
contrast media (LOCM) are associated with considerably fewer
adverse reactions and improved intravascular tolerability. The
first-generation ionic contrast agents could not be used for
myelography due to neurotoxicity, so the discovery of a suit-
able nonionic agent in 1974 (metrizamide) revolutionized this
procedure. Ten years later, the development of iohexol set the
gold standard for nonionic imaging agents. Iohexol could be
utilized in myelography with a neurotoxicity rate even lower
than that of metrizamide (6, 7).

The only third-generation agent, iodixanol, was FDA ap-
proved in 1996. The potential advantage of iodixanol over other
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second-generation contrast agents is a lower osmolality; the
formulation is made iso-osmolar to blood by the addition of
electrolytes. Although a further reduction in osmolality should
theoretically reduce the complications seen with currently avail-
able low-osmolar agents, conclusive evidence of lower toxicity
with iodixanol has not been universally demonstrated. It is sug-
gested that osmolality may not be the only factor involved in
the development of contrast-induced nephrotoxicity or other
adverse events. Additional studies are necessary to establish the
role of iodixanol relative to other currently available contrast
media. Because of a higher acquisition cost (relative to the sec-
ond-generation agents), iodixanol is sometimes reserved for use

in high-risk patients (8-11).

Structural and physical characteristics

The basic building block of iodinated contrast agents is a
benzene ring with three iodine molecules attached at positions
2, 4, and 6. Side chains (at positions 3 and 5) are modified
with hydroxyl groups or other molecules that further define
an agents properties. The agents may exist as monomers (one
benzene ring) or dimers (two benzene rings). Three defining
physical characteristics of iodinated contrast agents—ionicity,
osmolality, and viscosity—play a distinct role in the tolerance
and adverse reaction profiles (8).

Ionicity. Tonicity is an important characteristic of iodine-
containing agents. Compounds are classified as either ionic
or nonionic. The ionic compounds dissociate in solution
and therefore have a high osmolality. The anion is the
radiopaque portion of the molecule, but both the anion and
cation are osmotically active. Compared with nonionic LOCM,
ionic HOCM tend to have more adverse hemodynamic effects,
particularly in patients with coronary artery disease. The nonion-
ics are water soluble but do not dissociate in solution. This is an
advantageous quality, as nonionic agents will have a lower
osmolality because there are fewer particles in solution. The nonion-
ic compounds are more hydrophilic than ionic agents, resulting in
lower osmolality, reduced protein binding, reduced tissue binding,
and a reduced tendency to cross cell membranes. The poten-
tial biological effects of increased ionicity may explain delete-
rious effects on hemodynamic status and cardiac rhythm and
function (8-10, 12).

Osmality. Closely related to the property of ionicity is
osmolality. (Osmolality is the number of moles of osmotically
active particles present in solution per kilogram of solvent.)
Contrast agents are classified into three groups. High-osmolar
(21400 mOsm/kg) agents include the ionic monomers.
Low-osmolar (780-800 mOsm/kg) agents include nonionic
monomers. Iso-osmolar agents (approximately 300 mOsm/kg)
include the nonionic dimers (8).

Osmolality is an important characteristic. As the osmolality
of agents is reduced towards iso-osmolality, tolerability
and safety profiles improve. At the level of patient comfort,
patients report an increased incidence of pain or warmth
sensations when higher-osmolar contrast agents are adminis-
tered. When a high-osmolar load is injected intravascularly,
water may be pulled from the interstitium into the vascular
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system, resulting in blood volume expansion. Patients with
impaired cardiac function may become decompensated
because of right heart volume overload (8, 13). These untoward
effects are significantly reduced when lower osmolar agents are
used. Another deleterious effect of a high-osmolar load may be
the physical effects on red blood cells. In a high-osmotic envi-
ronment (>280-300 mOsm), water can also be drawn from red
blood cells, resulting in a deformed and rigid cell that may not be
able to pass easily through capillary beds. Thrombosis or ischemia
may occur, especially in the brain and myocardium (10).

An iso-osmolar contrast agent may be preferable in any
vascular territory where the endothelium is sensitive to the os-
molality, such as the brain, heart, and kidneys. Studies show that
iso-osmolar contrast agents affect the blood-brain barrier to a
lesser degree than LOCM. The rhythm and the function of the
heart may also be influenced to a lesser degree by iso-osmolar
agents than by LOCM (9).

Although tolerability and adverse events are well known to
decrease as osmolality is reduced from the HOCM to LOCM
products, there may not be the same degree of risk reduction
when moving from nonionic LOCMs to iso-osmotic products.
A study by Ho el al published in 2007 reviewed the occur-
rence and severity of adverse events for iohexol (LOCM) and
iodixanol (iso-osmotic) in over 37,000 patients undergoing CT
procedures. The objective was to evaluate adverse events during
periods of exclusive use of one agent or the other. The study
concluded that the rate of adverse events was low for both agents
(0.25% iohexol; 0.77% iodixanol). Of those patients exhibit-
ing adverse events, the incidence of immediate and delayed
adverse events was reported to be significantly higher with the
iso-osmotic product, iodixanol (14).

In 2003, the NEPHRIC study noted a lower incidence of
contrast-induced nephrotoxicity with the use of an isotonic,
nonionic dimer (iodixanol) compared with a nonionic mono-
mer (iohexol) in patients with preexisting elevated serum cre-
atinine (15). However, in the last few years, several studies have
been published that make the appreciable differences between
isotonic and nonionic LOCMs less clear. The IMPACT study
challenged the NEPHRIC hypothesis that isotonic contrast
media may have better renal tolerance in high-risk patients com-
pared with low-osmolar contrast media. The study concluded
that the rate of contrast-induced nephrotoxicity in patients with
moderate to severe chronic kidney disease was similarly low
after the intravenous administration of 40 gl of iopamidol-370
(LOCM) compared with 40 gl of iodixanol-320 (an isotonic
contrast media) (16).

Viscosity. The viscosity of a contrast agent merits consider-
able attention because viscosity affects the rate of intravascular
injection. The goal is to provide sufficient iodine content at the
site of scanning to optimize visualization. The rate of injection,
sometimes a limiting factor due to high viscosity, may limit op-
timal scanning opportunities. While warming the contrast agent
to body temperature decreases the viscosity and allows for a
more rapid injection rate, higher flow rates have increased phys-
iochemotoxic reactions and adverse reactions. In some cases, it
is a delicate balance of timing—delivering adequate iodine to
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a location in a timely manner to allow for optimal scanning
while maintaining minimal risk of adverse reactions. Highly
concentrated agents may be an alternative since they provide
large iodine loads with low flow rates. However, due to their
high viscosity, the contrast agent may not mix well with the
patient’s blood and the final contrast enhancement may vary.
Physiological factors such as blood volume and circulation time
may also have an impact on enhancement (13, 17).

Clinical pharmacology and indications

Diagnostic enteral radiopaque agents have few known phar-
macological effects. Oral administration is utilized for evalu-
ation of the esophagus, stomach, or proximal small intestine.
Rectal administration provides examination of the colon. A mild
laxative effect is attributable to high osmolarity.

Intravenous administration is utilized in various studies:
angiocardiography, aortography, selective renal arteriography,
excretory urography, contrast enhancement in CT head and
body imaging, and central or renal venography. Intravesical
instillation may be used in bladder examination or hystero-
salpingography. Intravertebral disk or spleen injection is per-
formed with diatrizoate meglumine only. Selected iohexol and
iopamidol products have FDA indications for intrathecal ad-
ministration.

Absorption, onset, duration, metabolism, excretion, and time
to peak opacification

When administered by the oral or rectal route, absorp-
tion of diagnostic enteral iodinated contrast agents is very
poor. For this reason, enteral administration has few known
pharmacological effects or adverse reactions. Excretion is
through the fecal route and is dependent on gastrointestinal
transit time (18).

Intravascularly administered agents are immediately
diluted in the circulating blood volume and rapidly distributed
throughout extracellular fluid. Protein binding is very low, and
there appears to be no significant deposition in tissues. No
significant metabolism, deiodination, or biotransformation
occurs. Elimination is primarily renal. In patients with
normal renal function, 95% to 100% of the intravenous dose is
renally excreted; 1% to 2% is excreted via biliary elimination and
possibly via the intestinal mucosa. In patients with severe re-
nal function, up to 20% of the administered dose is recov-
ered in the feces within 48 hours. Iodinated contrast agents
are completely dialyzable in two to three sessions. The half-life
in normal renal function is 30 to 60 minutes but is delayed
to 20 to 140 hours in patients with severe renal function
impairment (7, 18, 19).

During intracavity or intravesical instillation, contrast
agents are rapidly absorbed into the surrounding tissue and
eliminated primarily by the kidneys. Small amounts may be
absorbed through the bladder with subsequent renal elimina-
tion. Exams of the uterus (hysterosalpingography) and bladder
(voiding cystourethrography) involve the almost immediate
drainage of contrast medium from the cavity upon conclusion

of the radiographic procedure (18).
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During intrathecal administration, slow diffusion of the
agent takes place throughout the cerebrospinal fluid with sub-
sequent absorption into the bloodstream and renal elimination
(18). Misadministration of ionic contrast media intrathecally
can result in serious adverse reactions: “death, convulsions, ce-
rebral hemorrhage, coma, paralysis, arachnoiditis, acute renal
failure, cardiac arrest, seizures, rhabdomyolysis, hyperthermia,
and brain edema” (20). Immediate recognition of the mistake
and prompt aggressive treatment may lessen the likelihood of
harm or death (7). In 1994, the FDA required manufacturers
of iodinated contrast agents other than Omnipaque and Iso-
vue-M to place warnings on each vial, package, and package
insert of the serious adverse reactions resulting from intrathecal
administration (7).

Time to peak opacification is dependent on the route of
administration. In angiography, time to peak opacification is
immediate after intravenous administration. In urography, renal
parenchyma, including the renal cortex, is visible 1 minute after
rapid injection. Optimal opacification is directly dependent on
the final urinary iodine concentration, urine volume within the
respective regions of the urinary tract, and kidney glomerular
filtration rate. Calyces, pelves, and ureters are visualized 10 to
15 minutes after bolus injection (18).

Pregnancy category and breast-feeding

Most iodinated contrast agents are classified as pregnancy
category B. Diatrizoate meglumine and diatrizoate meglumine
sodium are listed as category C. Before administration of the
drug to women of childbearing potential, the benefit to the
patient should be carefully weighed against the possible risk to
the fetus (18, 21).

For oral and rectal solutions, studies with diatrizoates have
not been done in humans. Elective contrast radiography of
the abdomen is usually not recommended during pregnancy
because of the risks to the fetus from radiation exposure. Stud-
ies in animals have not shown that diatrizoate sodium causes
adverse effects in the fetus.

For parenteral solutions, studies with diatrizoates have not
been done in humans or animals. Intravenous products cross
the placenta, probably by simple diffusion, and are evenly dis-
tributed in fetal tissues. Intra-amniotic injection of diatrizoates
has been reported to suppress the fetal thyroid gland (18).

Only a small amount of an orally or rectally administered
iodinated contrast dose is absorbed by the mother. One percent
of that dose is excreted in breast milk, of which 2% is absorbed
by the baby. Intravenously administered diatrizoate salts are
excreted unchanged in human milk. Although the risk to nurs-
ing infants is low, package inserts for iodinated contrast media
recommend discarding breast milk for 24 hours after exposure
and substituting bottle feedings (8, 18).

Laboratory test interactions

When thyroid function tests are indicated, it is recommend-
ed that they be performed prior to the administration of any
iodinated agent. Studies that are dependent on iodine estima-
tions will not accurately reflect thyroid function for up to 16
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Table 1. lodinated contrast agents

Route of

*
Brand name administration

Generic name

First generation
Hypaque Meglumine 60% Intravenous
Reno-Dip Intravenous
L Reno-60 Intravenous
gg&ﬁﬁﬁi Cystografin (30%) Urologic
Cystografin-Dilute (18%) Urologic
Reno-30 Urologic
Hypaque-Cysto Urologic
Diatrizoate sodium Hypaque Sodium 50% Intravenous
Renografin-60 Intravenous
Diatrizoate Hypaque-76 Intravenous
meglumine MD-76 R Intravenous
and diatrizoate RenoCal-76 Intravenous
sodium mixture Gastrografin Gastrointestinal®
MD-Gastroview Gastrointestinal
Cysto-Conray I Urologic
Conray 43 (formerly Intravenous,
lothalamate Cysto-Conray) urologic
meglumine
Conray Intravenous
Conray 30 Intravenous
lothalamate sodium Conray-400 Intravenous
loxaglate
meglumine Hexabrix Intravenous
sodium
Second generation
Omnipague 140, 350 Intravenous
lohexel Omnipaque 180, 240, 300 niravenous
Isovue-M-200, -300 Intrathecal*
lopamidol |_3307vge-200, -300, -350, Intravenous
lopromide Ultravist 150, 240, 300, 370 Intravenous
loversol ggg’r%z}%, 240, 300, Intravenous
loxilan Oxilan 250, 300 Intravenous
Third generation
lodixanol Visipaque 270, 320 Intravenous

*The numbers following the brand name refer to the concentration of organically bound
iodine (mg/mL).

T Advantageous when barium sulfate is not feasible or is contraindicated.

*Selected iohexol and iopamidol products have FDA indications for intrathecal
administration.

days after exposure. However, thyroid function can be evaluated
after the use of these agents by using T3 resin uptake or total or
free thyroxin T4 assays, as they are not affected (19, 22).

Product overview
The iodinated contrast agents are summarized in Table 1.
For all agents, information in the most current product inserts
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should supersede all other information. FDA-approved indica-
tions for the same product are concentration specific.

First-generation ionic agents have limited usage now that
lower-osmolality products are available. The diatrizoate products
are used for organ and tissue enhancement in CT, x-ray, and
fluoroscopy. Since high osmolality is not a major concern in non-
vascular procedures, selected products are reserved for retrograde
cystourethrography when intravenous excretion urography is con-
traindicated. Several products are restricted to oral administration
and are used as alternatives when a viscous agent such as barium
sulfate (which is not water soluble) is contraindicated.

The second-generation nonionic monomers are used for an-
giocardiography, arteriography of cerebral arteries, CT of the
head, digital subtraction angiography, intravenous pyelogra-
phy, and peripheral angiography. Orally administered iohexol
produces good visualization of the gastrointestinal tract and may
be advantageous when barium sulfate is contraindicated (i.e.,
in patients with suspected bowel perforation). Selected iohexol
and iopamidol products have FDA indications for intrathecal
administration.

The only third-generation iodinated contrast agent currently
approved in the USA is iodixanol (Visipaque). Iodixanol is in-
dicated for angiography, angiocardiography, peripheral arte-
riography, visceral arteriography and cerebral arteriography,
CT imaging of the head and body, excretory urography, and
peripheral venography (20).

ADVERSE REACTIONS TO IODINATED CONTRAST AGENTS

Most adverse reactions following exposure to iodinated con-
trast agents are mild to moderate and self-limiting. HOCM in-
duce mild adverse reactions (nausea, vomiting, and injection pain)
with a frequency of >10%. More severe reactions (bronchospasm,
edema, hypotensive shock, and renal dysfunction) occur infre-
quently (<2%). Serious, life-threatening, and fatal reactions occur
immediately or within 20 minutes of exposure. These reactions
have been linked not only to the drugs’ high osmolality but also
to their ability to bind calcium. Regardless of the specific contrast
agent used, serious adverse reactions occur more often during
angiocardiography than during other procedures (4, 6, 18).

For the diatrizoate compounds, the sodium salts are associ-
ated with a higher degree of toxic effects. Especially susceptible
are patients vulnerable to high sodium loads, such as those
with cardiac, hepatic, or renal disease. Peripheral vasodilation
and other side effects increase when the sodium concentration
increases. The meglumine salt is less toxic but carries its own
problems due to its increased viscosity. This is why the two
diatrizoate compounds, the sodium salt and the meglumine
salt, are often mixed to reach a compromise between toxicity
and viscosity (10).

Clotting has been reported when blood remains in con-
tact with syringes containing nonionic contrast media. It
has been observed that nonionic iodinated contrast media
cause this problem less frequently in vitro than ionic contrast
media. Meticulous intravascular administration technique is re-
quired to minimize thromboembolic events, particularly during

angiographic procedures (18).
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Respiratory effects include milder symptoms (coughing,
laryngitis, rhinitis) progressing to bronchospasm, dyspnea, and
pulmonary edema (18).

Effect of route of administration

The route of administration influences the risk of adverse
reactions. Adverse effects associated with oral/rectal adminis-
tration are limited because gastrointestinal absorption is very
poor. Transient diarrhea and abdominal cramping may be re-
ported, especially when large volumes and high concentrations
of contrast are given. Injection into a joint for arthrography is
commonly associated with transient discomfort, pain, and swell-
ing. Severe pain often results from undue use of pressure in a
large-volume injection and is due to the procedure itself, rather
than from exposure to the contrast agent. Reactions associated
with renal instillation may occasionally include transient pro-
teinuria and, rarely, oliguria or anuria. The intravascular route
is associated with more serious adverse events. Localized reac-
tions include minor pain, a sensation of warmth (vasodilation),
vein cramping, and thrombophlebitis. Systemic reactions range
from mild to severe. Neurological effects can range from mild
dizziness, headache, and vertigo to vision disturbances and sei-
zures. More severe neurological reactions are seen with cerebral
arteriography procedures. Cardiovascular adverse effects include
angina, hypotension, and arrhythmias. The effects of contrast
agents on calcium ions may play a larger role than osmolality
in cardiac adverse effects due to the ability of ionic contrast
agents to reduce the availability of extracellular calcium to the
myocardium. These calcium decreases have been associated with
adverse cardiovascular effects (18).

Nonanaphylactoid, anaphylactoid, and delayed adverse
reactions

Three categories of adverse reactions are associated with
iodinated contrast agents: nonanaphylactoid, anaphylactoid,
and delayed.

Common nonanaphylactoid reactions are usually self-lim-
iting and include nausea, vomiting, diarrhea, headache, and
dizziness. Transient diarrhea and abdominal cramping may
be reported if administration is by the oral or rectal route—
especially when high concentrations and large volumes of
contrast are administered. One common complaint during
intravenous administration is discomfort (pain/warmth sensa-
tion) at the injection site. Less common, but severe, reactions
include cardiac arrhythmias, pulmonary edema, seizure, and
renal failure (8, 18).

Although a contrast agent reaction may resemble an
anaphylactic reaction, the term “anaphylactoid” is assigned
because contrast reactions do not have a classic anaphylactic
presentation. The reaction is not caused by an immunoglobu-
lin E-mediated immune response. A patient can experience
one of these reactions the firsz time they are exposed to a
contrast agent. This is unlike the classic anaphylactic reactions
that require prior exposure to the antigen and a buildup of
immunity. Anaphylactoid reactions include urticaria, facial
and laryngeal edema, bronchospasm, and circulatory collapse
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(8, 18). An estimated 5% of patients will experience some
type of anaphylactoid response, with a predicted 1 in 40,000
fatality rate (10).

Most adverse reactions to injectable contrast appear within
1 to 3 minutes after the start of injection, but delayed reac-
tions may also occur. Delayed reactions may occur up to 6
hours after exposure to contrast and include fever, chills, rash,
pruritus, flushing, arthralgias, nausea and vomiting, and head-
ache (2, 8, 18). Of interest, some studies have reported that
late allergic skin reactions may be more commonly associated
with the administration of an iso-osmolar contrast agent (13).
Infrequently, “iodism” (salivary gland swelling) from organic
iodinated compounds may appear up to 2 days after exposure;
it subsides by the sixth day (18).

Risk factors for adverse events

Risk factors for adverse events include a history of major
allergies, asthma, and prior reaction to contrast agent and/or
renal impairment. Patients sensitive to iodine or other iodinated
contrast agents may be sensitive to these agents also. Patients
with a known clinical hypersensitivity (asthma, hay fever, food
allergies) have a twofold higher risk than the general population.
Patients with a history of previous reaction to iodine per se or
a history of previous reaction to a contrast medium are three
times more susceptible to adverse reactions than the general
population. Sensitivity to contrast does not appear to increase
with repeated examinations. A reported seafood “allergy” is not
a sufficient contraindication to the use of iodinated contrast
material, as 85% of patients will not experience an adverse
reaction to iodinated contrast. Suspicion of seafood allergy
is often based more on medical myth than fact. For patients
who report “allergies” to iodine-containing topical antisep-
tics (povidone-iodine), there is no evidence that adverse skin
reactions to these products are of any specific relevance to
administration of intravenous contrast material. These adverse
effects are usually local (23, 24).

A positive history of allergies or hypersensitivity does not
arbitrarily contraindicate the use of a contrast agent when a
diagnostic procedure is considered essential. Precautions should
be taken to minimize an anticipated adverse reaction, includ-
ing limitation of contrast dose, hydration, and premedication
(18, 25). For scheduled cases, patients with a history of major
allergies, asthma, or a prior reaction to contrast should receive
steroids the day before contrast exposure along with diphen-
hydramine immediately prior to the exam. If the case is urgent,
initiation of intravenous steroids 6 hours before the exam (i.e.,
hydrocortisone 200 mg every 4 hours) is recommended. The
use of steroids prior to contrast exposure has been documented
to decrease adverse events. The eflicacy of diphenhydramine,
although commonly used, is not as well documented in the
literature (8).

Special precautions are recommended with the intrathecal
use of iodinated contrast agents. For scheduled cases, it is rec-
ommended that medications that have the potential to lower
the seizure threshold should be discontinued at least 48 hours
before and for at least 24 hours after the procedure. The final
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decision should be based upon physician evaluation of potential
benefits and potential risks of discontinuation. Most literature
reports of major motor seizures were associated with pheno-
thiazine derivatives, monoamine oxidase inhibitors, tricyclic
antidepressants, central nervous system stimulants, analeptics,
tranquilizers, and antipsychotics. Medications may be resumed
24 hours after the procedure. Patients who are receiving anti-
convulsants should be maintained on therapy. Should a seizure
occuy, intravenous diazepam or phenobarbital sodium is recom-
mended. In patients with a history of seizure activity who are
not maintained on anticonvulsant therapy, premedication with
barbiturates should be considered. Intrathecal administration
of corticosteroids with Omnipaque and Isovue M is contrain-
dicated (18).

Contrast-induced nephropathy

The renal effects of contrast agents have attracted increased
attention over the last decade. Contrast-induced nephropathy
manifests itself as an abrupt decline in renal function. There is
no standard for defining contrast-induced nephropathy. One
commonly accepted definition is a relative increase of serum
creatinine of at least 25% from baseline or a >0.5 mg/dL rise
in serum creatinine within 72 hours of exposure to contrast.
Patients commonly remain asymptomatic. The serum creatinine
rises within the first 24 hours, peaks 3 to 5 days after exposure,
and then returns to baseline within 7 to 10 days. The pathogen-
esis of contrast damage to the kidneys is unclear and probably
has multiple mechanisms. Contrast agents may be directly toxic
to the renal tubular cells or possibly mediate renal hemodynamic
changes (vasoconstriction in the glomeruli). Red blood cell de-
formity has also been implicated (8, 15, 23).

The risk of contrast-induced nephropathy is minimal in
patients with normal renal function. In patients with preexisting
elevated serum creatinine, the effects appear to be related pri-
marily to dose. Risk factors identified by Byrd and Sherman are
age 70 or older, dehydration (including diuretic use), preexisting
renal insufficiency (serum creatinine >1.5 mg/dL), diabetes mel-
litus, cardiovascular disease, myeloma, hypertension, and hyper-
uricemia. Patients with both preexisting renal insufficiency and
diabetes are at highest risk (8, 15). The careful selection of a con-
trast agent and dose limitation may be instrumental in reducing
risk. The incidence also appears to be associated with the route of
administration, appearing more frequently with arterial injec-
tions (7%—-8%) than with venous injections (2%-5%) (4, 8).

Patients should be diligently screened for preexisting renal
dysfunction prior to contrast exposure. The use of serum cre-
atinine has definite limitations as an accurate measure of renal
function primarily because renal function is influenced by the
patient’s gender, muscle mass, nutritional status, and age. Nor-
mal serum creatinine levels are maintained until the glomerular
filtration rate is reduced to nearly 50%; impaired renal func-
tion may exist even when serum creatinine levels appear to be
within normal limits. Direct measurement of glomerular filtra-
tion rate is impractical. The sensible alternative is to estimate
creatinine clearance using the Cockcroft-Gault equation, which
incorporates the patient’s gender, age, and ideal body weight.
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Screening patients using an estimated creatinine clearance is a
better indication of renal status than a serum creatinine deter-
mination (15).

The significance of contrast-induced nephrotoxicity is
evidenced by the attention now given to ways to attenuate
or prevent renal impairment after contrast exposure. Dose
limitation (reduction of total osmotic load) and hydration
are two methods to reduce the risk. Urine output should
be monitored and should be at least 150 mL/h (26). Sev-
eral hydration regimens are in current use; however, their
beneficial effects remain controversial. One of the common
regimens is an isotonic (154 mEq/L) sodium bicarbonate
intravenous infusion of 3 mL/kg for the first hour before con-
trast administration and 1 mL/kg per hour for 6 hours after
contrast exposure. The renoprotective effects of bicarbonate
are thought to be due to urinary alkalinization, which creates
an environment less amenable to the formation of harmful
free radicals (8, 27).

Some data support the use of N-acetylcysteine for preven-
tion of contrast-induced nephrotoxicity, although there is no
consensus for dosing and some meta-analyses indicate that the
benefit is marginal. N-acetylcysteine is frequently prescribed
since it is not associated with serious adverse effects and re-
mains inexpensive (26). A 2000 New England Journal of Med:-
cine article promotes either N-acetylcysteine 600 mg orally two
times a day beginning the day before exposure or 150 mg/kg
per hour intravenously for 30 minutes before exposure, then
50 mg/kg per hour over 4 hours (28). Other protocols call
for two doses (600-1200 mg) orally every 12 hours prior to
contrast exposure and for two doses after exposure (26). In-
travenous fenoldopam mesylate is mentioned in the literature
but has not proven to offer significant advantages over saline
hydration due to the expense and need for monitoring in a
critical care setting (1).

An additional measure to reduce risk is awareness of re-
cent use of iodinated contrast agents. Further contrast studies
should be delayed, if possible, to avoid reinsulting the kidneys.
The patient’s medication profile should be closely monitored.
The patient’s current medication regimen should be reviewed
for potentially nephrotoxic medications. These medications
should be used cautiously, placed on hold, or switched to a
suitable alternative that is less nephrotoxic until renal func-
tion stabilizes. Medications requiring dose adjustment in renal
dysfunction should be closely monitored (1).

Dialysis patients are still eligible to receive contrast agents.
Contrast agents are not protein-bound and possess relatively
low molecular weights so are readily cleared by dialysis. LOCM
are the preferred agents for dialysis patients, and the dose
should be limited when possible. Unless there is significant
underlying cardiac dysfunction (due to risk of direct chemo-
toxicity on the heart and the blood-brain barrier) or large
volumes of contrast are utilized, there is no need for emergent
dialysis. The current recommendation is for prompt dialysis
after contrast exposure, with short intervals between the next
two to three dialysis sessions. Two or three dialysis sessions are
required to completely eliminate the contrast (4, 8).
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Metformin-associated lactic acidosis

Special consideration should be given to patients receiv-
ing metformin, due to their increased risk of developing lactic
acidosis. There is no direct drug-to-drug interaction between
metformin and iodinated contrast agents. The potential adverse
effect is the development of metformin-associated lactic acidosis,
significant because it is associated with a mortality rate of up
to 50%. Ninety percent of an absorbed dose of metformin is
excreted unchanged through the kidneys within the first 24
hours. A severe renal insult from iodinated contrast would in-
hibit excretion of both metformin and lactic acid. Any factors
that decrease metformin excretion, decrease metabolism of
lactate (liver dysfunction), or increase blood lactate levels can
increase the risk of lactic acidosis. An iodinated contrast insult
in the presence of preexisting renal dysfunction is a major con-
sideration. Screening patients for metformin use is a priority;
however, current use of metformin is not a contraindication to
contrast use. Recommendations indicate that metformin should
be discontinued at the time of contrast exposure and withheld
for at least 48 hours after the procedure. Metformin should be
reinstated only after renal function has been reevaluated and
found to be normal (4, 8).

Extravasation

Certain patients are at an increased risk of extravasation.
When possible, the patient should be adequately educated to
immediately report pain or the sensation of swelling at the injec-
tion site. Most patients experience stinging and burning at the
site of intravenous injection. The incidence may be reduced if
iso-osmotic agents are infused. Patients who are unable to report
extravasation symptoms should be closely monitored. Those
patients with altered or abnormal circulation in the limb to be
injected are at higher risk, as are patients with distal intravenous
access sites (e.g., hand, wrist, foot, and ankle). When these
situations occur, an LOCM should be considered, since ex-
travasation of LOCM is better tolerated than extravasation of
HOCM. Hyperosmolar solutions are more likely to cause tissue
damage. An initial acute local inflammatory response peaks in
24 to 48 hours, with edema, erythema, and tenderness as com-
mon symptoms. Most patients recover without sequelae; others
experience ulceration and tissue necrosis. Acute inflammation
may progress to a chronic inflammatory response accompanied
by fibrosis and adjacent muscle atrophy (4).

There is no clear consensus regarding the most effective
treatment for contrast medium extravasation. Elevation of the
affected extremity above the level of the heart is recommended.
Elevation will decrease capillary hydrostatic pressure, thereby
promoting resorption of the contrast media. There is no clear
evidence favoring the use of either warm or cold compresses.
Surgical consultation should be considered if extravasation of
250 mL of HOCM or 2100 mL of LOCM has occurred. If
the wrist, ankle, or dorsum of the hand is involved, a surgical
consultation should be considered at lower volumes. An imme-
diate surgical consultation is indicated if any of the following
symptoms occur: increased swelling or pain after 2 to 4 hours,
altered tissue perfusion as evidenced by decreased capillary refill
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Table 2. Gadolinium-based agents used in magnetic resonance imaging

Brand name
(year of
introduction)

Route of

Generic name L .
administration

Indication

Gadopentetate
dimeglumine

Magnevist

(1988) Intravenous

Broad applications in both adults and
pediatrics for MR of the central nervous
system, neck, and body. Cardiology appli-
cations are excluded. The agent is unique
in that it does not interfere with serum
calcium measurements (31).

Nonionic
Gd-HP-DOTA
gadoteridol

ProHance

(1992) Intravenous

Enhances visualization of lesions in the
head and neck as well as abnormal vas-
cularity in the brain, spine, and associated
tissues in adults. Has the highest stability
and lowest osmolality of all agents in its
class (32).

Omniscan
(1993)

Nonionic
Gd-DTPA-GMA
gadodiamide

Intravenous

Enhances visualization of lesions in the
head and neck as well as abnormal vas-
cularity in the brain, spine, and associated
tissues. Also approved for visualization of
lesions with abnormal vascularity within
the thoracic (noncardiac), abdominal, and
pelvic cavities, including the retroperitoneal
space. It may be used in children

and adults. Low viscosity eases delivery,
permitting the use of fine-gauge needles
(30, 33).

Nonionic
gadoversetamide

Optimark

(1999) Intravenous

Enhances visualization of lesions in the
head and neck as well as abnormal
vascularity in the brain, spine, and associ-
ated tissues. Visualization of lesions with
abnormal vascularity in the liver. Approved
applications in both adult and pediatric
populations. Approved for use by the FDA
with power injectors (29).

MultiHance
(2004)

Gadobenate

: ; Intravenous
dimeglumine

Enhances visualization of lesions in the
head and neck as well as abnormal
vascularity in the brain, spine, and associ-
ated tissues in adults only. Formulated to
provide nearly twice the relaxivity of other
gadolinium-based agents, which contrib-
utes to improved visualization (34).

properties of nearby hydrogen nuclei,
unlike iodinated agents that provide con-
trast due to their radiopaque properties.
Gadolinium agents are a complex formed
between a chelating agent and a paramag-
netic ion (gadolinium?*). When exposed
to a magnetic field, gadolinium complexes
develop a relatively large magnetism due
to unpaired f electrons. In areas where
gadolinium agents accumulate, hydrogen
nuclei (found in water in the surrounding
tissue) are altered, causing an increase in
signal intensity of those tissues (5, 29).

Osmolality, ionicity, and viscosity need
to be considered when reviewing MR
agents. However, these factors are not as
significant for the MR agents as they are
for other contrast agents since MR requires
significantly smaller doses: 15 to 20 mL
for MR compounds versus 150 mL for
iodinated agents. Because of the smaller
administration volume and the decreased
osmotic load, the physical characteristics
of osmolality and ionicity do not play as
significant a role in the comfort and safety
of the patient during exposure to the prod-
uct. Viscosity is also not a significant con-
cern at standard doses and injection rates
but may be a limiting factor when small
catheters and high-flow-rate applications
are involved (8, 9).

There is a common misconception that
gadolinium-based agents do not cause con-
trast-induced nephrotoxicity. These prod-
ucts are every bit as nephrotoxic as iodinated
agents, and the use of gadolinium is not
without problems. Nevertheless, with the
smaller volume administered—the stan-
dard dose is 0.1 mmol/kg (approximately
15-20 mL)—the risk of contrast-induced
nephropathy is so low that MR agents are
considered virtually nonnephrotoxic. When

at any time after the extravasation has occurred, or a change in
sensation in the affected limb, skin ulceration, or blistering (4).

AGENTS FOR MR IMAGING

Less than 30 years have passed since the first human MR
image, yet the demand for MR imaging is growing—Ilargely
because of the noninvasive nature of the exam and the inher-
ent tissue contrast provided. Although MR imaging is usually
considered a branch of radiology, it is based upon a magnetic
field, not upon x-rays. It is estimated that nearly half of all MR
imaging studies are contrast enhanced using iodinated contrast
agents, gadolinium, or other paramagnetic agents (26).

The first MR imaging agents were gadolinium-based. These
agents provide enhanced visualization by altering the magnetic
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off-label higher doses (0.3 mmol/kg) are utilized, the total osmotic
load and the patient risk increase substantially (8).

Distribution and excretion

Gadolinium-based agents are administered intravenously.
The major route of excretion is renal. Over three dialysis ses-
sions, hemodialysis will clear gadolinium-based agents from the
system. Gadolinium-based agents do not cross the blood-brain
barrier unless it is disrupted or abnormal vascularity allows for
penetration (29, 30).

Drug and laboratory test interactions
It is not necessary to discontinue metformin prior to gado-
linijum-enhanced MR studies when the amount of gadolinium
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administered is in the usual dose range
of 0.1 to 0.3 mmol per kg of body

Table 3. Other paramagnetic agents used in magnetic resonance imaging

weight. Metformin should be discon-

. . Brand name
tinued in large-dose cases, such as an- Generic name (vear of Route of Indication
giography or CT scanning, where the introduction) administration
risk of ren_al.msult 18 h1g.her (). . Indicated in adults for delineation of the
Gadolinium agents interfere with bowel from organs and tissues adjacent to
the laboratory test to determine cal- the gastrointestinal tract. It can mark the duo-
cium levels. The most common assay denum to afford a clearer view of pancreatic
for serum calcium uses a colorimetric Nonionic GastroMARK and common bile ducts. After oral ingestion
assay. Sometimes the effect is so ex- ferrous-ferric Oral Suspension Oral of 600 to 900 mL, optimal imaging occurs
aggerated that the laboratory reports oxide ferumoxsil (1996) W|th|nl30 m.|nutes. Its usefulness in the Iowgr
. . . . gastrointestinal tract and retroperitoneal region
serious hypocalcemia. This effect is is limited by transit time and dilution (35).
common with higher doses; renal in- Contraindicated in patients with known or sus-
sufficiency increases the risk. Educa- pected intestinal perforation or obstruction.
Uon. : essentlal. o avc.)ld the .P (.)t.en.t fal Intended specifically for liver imaging. Once in
for. 1ncorrect_d1agnos_1s and initiation circulation, it is taken up by the reticuloendo-
of inappropriate calcium replacement thelial system cells in the liver. Because it is a
(8, 9). In addition, transient changes Nonionic . negative contrast agent, hepatic tissues with
in laboratory tests for serum iron, ferrous-ferric F1e gggx Intravenous  decreased reticuloendothelial system function
calcium, copper, and zinc parameters oxide ferumoxides ( ) retain their signal intensity. The agent is utilized

have been observed; however, the sig-
nificance is unknown (29).

to differentiate normal and abnormal liver
tissue, allowing the clinician to see new and
smaller lesions with more contrast (31).

Pregnancy and breast-feeding

All five gadolinium-based contrast
agents are classified as pregnancy category C. Optimark prod-
uct information indicates that nursing should be discontinued
and breast milk discarded up to 72 hours after injection. The
American College of Radiology Manual on Contrast Media 5.0
(2004) states: “The available data suggests that it is safe for the
mother and infant to continue breast-feeding after receiving
such an agent.” Ultimately, an informed decision to disrupt
breast-feeding should be left up to the mother, who should be
assured that this disruption need not last longer than 24 hours
(assuming normal renal function) (4, 9).

Product overview

Gadolinium-based agents available for MR imaging are
summarized in 7able 2. Nongadolinium paramagnetic agents
are also used in MR imaging (7zble 3). Information from the
most current product inserts supersedes all other information.

ADVERSE REACTIONS TO GADOLINIUM AGENTS

Gadolinium agents tend to have a lower rate of adverse
reactions than iodinated contrast agents. Risk factors include a
strong history of allergies, a previous reaction to iodinated con-
trast, or a previous reaction to gadolinium. At-risk patients can
be premedicated with the same protocol used for iodinated con-
trast: hydration, antihistamines, and steroids (8). Most (95.8%)
adverse effects are mild and self-limiting. Headache, vasodilation,
and taste perversion have an occurrence of <10%; dizziness, nausea,
and paresthesia may also occur infrequently. Allergic reactions to
gadolinium agents are very rare (<0.1%) (29). The enhancement
of magnetism by gadolinium may potentiate sickle erythrocyte
alignment, resulting in vaso-occlusive complications in vivo (29).
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Nephrogenic fibrosing dermopathy/nephrogenic
systemic fibrosis

In 1997, nephrogenic fibrosing dermopathy (NFD) was
described—a scleredema-like condition reported in renal
failure patients who received gadolinium contrast. Fibrotic
changes occur, such as thickening, induration, and tighten-
ing of the skin, which could potentially progress to joint
contractures and decreased mobility. In June 2006, the FDA
issued an alert describing the development of nephrogenic
systemic fibrosis (NSF). It was discovered that these same
fibrogenic changes could also occur within internal organs,
especially lung and heart tissue. This condition was primarily
seen with gadodiamide but has occurred with other gado-
linium agents.

Since no causal link exists between NFD/NSF and gado-
linium, another cofactor may be involved, most likely a major
surgery, vascular procedure, or thrombotic event. It is sus-
pected that these events could result in an inflammatory milieu
with high levels of circulating fibrocytes. Circulating fibrocytes
normally participate in wound healing and scar formation in
the setting of tissue injury. It is speculated that free gadolinium
may induce the circulating fibrocytes to initiate the fibrotic
changes characteristic of NSE. The fibrocytes appear to induce
fibrosis in normal tissue in the setting of NSF.

Not every patient with renal failure develops NFD/NSE.
In December 2006, the FDA recommended avoiding gado-
linium-based agents in patients with moderate to severe renal
disease, limiting the dose, and avoiding repeat contrast ex-
posure before the serum creatinine had returned to baseline

(26, 306).
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