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Contrast-enhanced studies

Overall, adverse reactions to contrast media (CM), either
iodinated agents used primarily for CT and angiography or
gadolinium-containing chelates for MRI, are unusual.
Severe adverse drug reactions (ADR) are encountered only
rarely. Fatal ADRs to CM have been reported but should be
considered extremely rare. Most published information
about ADRs to contrast media focuses on adult patients;
the little epidemiologic information from pediatric popula-
tions is sparse. Part of the problem leading to this general
lack of information on contrast media reactions in children
is that clinical trials performed to justify governmental
approval of new agents are invariably performed in adult
subjects; if children are included at all they are typically a
late addition Many of the contrast media formulations used
commonly in children and many of the common applica-
tions for which CM are now employed were never
specifically tested or governmentally approved for children;
such uses are termed “off-label”.

In this essay, I will review some of the clinically
important forms of contrast media toxicity giving special
attention to children where there is specific information.

Contrast-induced nephropathy (CIN)

Renal impairment is one of the major side effects of
intravenous iodinated contrast administration. A wide
variety of risk factors for CIN have been described, of
which pre-existing renal impairment and diabetes mellitus
are the most important. The true frequency of contrast-
induced nephropathy is difficult to establish because there
are no standard acknowledged diagnostic criteria. In two
large series (n=1114 and 443) of patients undergoing
coronary angiography, 6 to 10% of patients had a post-
procedural rise in serum creatinine of greater than 0.5 mg/dl
[1, 2]. None of these patients became anuric or required
hemodialysis. Another study that only included patients
with impaired renal function (creatinine greater than
1.35 mg/dl) found the frequency of contrast nephropathy
(defined as a rise of at least 25% in serum creatinine)
depended primarily on the baseline creatinine level and
presence of diabetes mellitus [3].

Routine creatinine testing prior to contrast administration
is NOT necessary in all patients [4]. Indications for
creatinine testing are listed in Table 1 [5, 6]. A creatinine
level within the prior 30 days is sufficient in most clinical
settings. Creatinine testing may be omitted for an urgent
study where time is critical. This final determination should
be made in consort with the requesting physician.

The decision to proceed with contrast administration in
patients with a creatinine greater than 1.5 mg/dl should
ALWAYS be a matter of clinical judgment, based on the
individual circumstances of the patient and following
consultation between the radiologist and requesting physi-
cian. The radiologist is ultimately responsible for determin-
ing the most appropriate imaging algorithm. If contrast
administration is considered essential, the following options
should be considered.

– Acetylcysteine. A frequently cited study claimed a
ninefold reduction in contrast-induced nephropathy in
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chronic renal insufficiency patients receiving 600 mg
acetylcysteine (Mucomyst®) orally twice daily on the
day before and the day of a contrast-enhanced study,
when compared to controls [7]. In the study, patients
were randomly assigned to receive acetylcysteine and
0.45% saline intravenously or to receive placebo and
saline. Only 1 of the 41 (2%) patients in the
acetylcysteine group had an increase of at least
0.5 mg in serum creatinine at 48 h after administration
of contrast compared to 9 of 42 (21%) patients in the
control group (p=0.01). A more recent randomized
study of 121 cardiac catheterization patients with
chronic renal insufficiency (creatinine greater than
2.0) receiving a mean dose of 117ml of non-ionic
contrast, showed 15 of 61 (24.6%) patients who
received only saline infusion (0.45% at 1 ml kg−1

h−1) from 12 h before to 12 h after angiography
developed acute nephropathy (increase of creatinine by
at least 0.5 at 48 h after the procedure) compared to
only 2 of 60 (3.3%) patients who received saline
infusion and acetylcysteine 400 mg bid on the day
before and the day of the procedure (p<0.001) [8].

– Discontinue other nephrotoxic drugs.
– Hydration. IV hydration can be achieved with 1/2

normal saline [9].
– Decrease total amount of contrast administered.
– Increase the amount of time between contrast-enhanced

studies.
– Infuse sodium bicarbonate solution. A trial [10] of

patients with a baseline creatinine of at least 1.1 mg/dl
study found a significant reduction (p=0.02) in the
frequency of nephrotoxicity (defined as an increase of
25% or more in serum creatinine within 2 days of
contrast) in those randomized to sodium bicarbonate
infusion (1 of 60) compared to sodium chloride (8 of
59). Patients received 154 mEq/l of either sodium
chloride or sodium bicarbonate, as a bolus of 3 ml kg−1

h−1 for 1 h before iopamidol contras media, followed
by an infusion of 1 ml kg−1 h−1 for 6 h after the
procedure. The advantage of this regime is that it can
be implemented rapidly, facilitating the early scanning
of patients from the Emergency Department, for
example.

While these options may be helpful, it should be
remembered contrast nephropathy is uncommon and usual-
ly transient. A critical diagnostic study should NOT be
delayed because of excessive concern regarding possible
contrast nephropathy.

Management of acute contrast reactions

Management is organized by symptom complex [11–13].
No attempt has been made to integrate symptomatology
into an etiological scheme. It is prudent to administer
oxygen to all patients having a contrast reaction, however
mild, since the reaction may progress and become poten-
tially life-threatening (Table 2).

Pre-medication to reduce the incidence and severity
of contrast media reactions

Premedication is generally reserved for patients with a
history of a significant prior contrast reaction. The risk of a
repeat reaction in a patient with a history of prior severe
reaction is 18.5%, even with non-ionic contrast media [14].
The use of pre-medication to prevent reactions to intravas-
cular non-ionic contrast media is controversial [15, 16]. The
most supportive study states pre-medication reduces the
incidence of all reactions by approximately 60% [17].
Corticosteroids are considered by some to be the critical
component of any premedication regime, and should be
given at least twice, 12 and 2 h before the test. For
simplicity, an oral regime is recommended: (Table 3).

Nephrogenic systemic fibrosis (NSF)

Nephrogenic systemic fibrosis (NSF), previously known as
nephrogenic fibrosing dermopathy, is an emerging sclero-
derma-like systemic fibrosing disorder. It develops in
patients with chronic renal disease [18–20]. There is no
definitive cure and the disease tends to be progressive. It
can be fulminant in approximately 5% of cases and can be
fatal [21]. NSF has been reported in all age groups
including children. In December, 2006, the Food and Drug
Administration released a Public Health Advisory discus-
sing a possible association between NSF and the adminis-

Table 1 Indications for creatinine testing prior to contrast
administration

Indications

Diabetes mellitus (insulin-dependent or non-insulin dependent)
Age>70
Congestive cardiac failure
General debility (e.g., AIDS, advanced malignancy)
Solitary kidney (e.g., prior nephrectomy, congenital absence)
Collagen vascular disease
Paraproteinemia syndromes (e.g., myeloma)
Renal disease (e.g., renal transplant)
Family history of kidney failure
Liver disease (e.g., cirrhosis)
Currently receiving chemotherapy or other nephrotoxic drugs
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tration of gadolinium-based contrast media in patients with
moderate to end-stage kidney disease. A cause and effect
relationship between NSF and gadolinium contrast media
has not been established [22]. The preponderance of
reported cases have been associated with administration of
those gadolinium-containing contrast media based on open-
chain chelates as compared with few, if any, cases, reported
with the use of macrocyclic chelates of gadolinium. These
clinical observations have raised speculation that a release
of free gadolinium ions from the chelate–metal complexes

Table 2 Management of acute contrast reactions

Acute contrast reactions Management

“Hives” (urticaria) Discontinue injection if not completed
No treatment needed in most cases—reassure the patient
Consider diphenhydramine (Benadryl®) PO/IM/IV 25–50 mg
If severe/widely disseminated: epinephrine SC (1:1,000) 0.1–0.3 ml (=0.1–0.3 mg; if no cardiac
contraindications)

Facial or laryngeal edema 0.1–0.3 ml epinephrine SC or IM (1:1,000; =0.1–0.3 mg) or, if hypotensive, 1 ml epinephrine IV
(1:10,000) slowly (=0.1 mg). Repeat as needed up to 1 mg
Give oxygen 6–10 l/min (via mask)
If not responsive to therapy or if there is obvious acute laryngeal edema, seek appropriate assistance
(e.g., cardiopulmonary arrest response team)

Bronchospasm Give oxygen 6–10 l/min (via mask)
Monitor: ECG, O2 saturation (pulse oximeter), and BP
Give beta-agonist inhalers, such as metaproterenol (Alupent®), terbutaline (Brethaire®), or albuterol
(Proventil®; Ventolin®) 2–3 puffs; repeat as needed
If unresponsive, epinephrine SC or IM (1:1,000) 0.1–0.3 ml (=0.1–0.3 mg) or, if hypotensive,
epinephrine (1:10,000) slowly IV 1 ml (=0.1 mg)—Repeat up to 1 mg
Alternatively, give aminophylline 6 mg/kg IV in D5W over 10–20 min (loading dose), then 0.4–1 mg
kg−1 h−1, as needed (caution: hypotension)
Call for assistance for severe bronchospasm or if O2 saturation <88% persists

Hypotension with tachycardia Legs elevated 60∞ or more (preferred) or Trendelenburg position
Monitor: ECG, O2 saturation (pulse oximeter), and BP
Give oxygen 6–10 l/min (via mask)
Rapid large volumes of IV isotonic Ringer’s lactate or normal saline
If poorly responsive: epinephrine (1:10,000) slowly IV 1 ml (=0.1 mg; if no cardiac contraindications).
Repeat as needed up to a maximum of 1 mg
If still poorly responsive seek appropriate assistance (e.g., arrest team)

Hypotension with bradycardia (vagal
reaction)

Monitor: ECG, O2 saturation (pulse oximeter), and BP
Legs elevated 60∞ or more (preferred) or Trendelenburg position
Secure airway and give oxygen 6–10 l/min (via mask)
Rapid large volumes of IV isotonic Ringer’s lactate or normal saline
If unresponsive, atropine 0.6–1 mg IV slowly—repeat up to 2\3 mg in adult
Ensure complete resolution of hypotension and bradycardia prior to discharge

Severe hypertension Give oxygen 6–10 l/min (via mask)
Monitor: ECG, O2 saturation (pulse oximeter), and BP
Give nitroglycerine 0.4-mg tablet, sublingual (may repeat ×3)
Transfer to intensive care unit or emergency department
For pheochromocytoma–phentolamine 5 mg IV

Unconscious/unresponsive/pulseless/
collapsed patient

CALL CODE (Know the code phone number at your hospital. A code is not the time to look for the
number in a phone book!)
Institute Basic Life Support
–Establish airway, head tilt, chin lift
–Initiate ventilation and external chest compression
–Continue uninterrupted until help arrives

Table 3 Oral pre-medication regime in patients considered at high
risk for adverse contrast reactions

Oral pre-medication regime

12 h before 50 mg prednisone OR 32 mg methylprednisolone
(Medrol®)

2 h before 50 mg prednisone OR 32 mg methylprednisolone
(Medrol®)
300 mg Cimetidine (Tagamet®) OR 150 mg ranitidine
(Zantac®)
50 mg Diphenhydramine (Benadryl®)
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may have at least a partial causative role in the development
of this disorder; other factors such as erythropoietin or co-
existing inflammatory disease may also have a role. Even
without knowledge of specific cause or causes for NSF, the
prudent avoidance of gadolinium-chelate enhanced MRI in
those patients with chronic and severe renal disease, now a
common practice, appears to be having the desired benefit
of reducing reports of new NSF cases. This rare condition
may become almost unheard of.
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