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bout 3% of patients who
receive nonionic, lower-osmo-
lality monomeric contrast
media (LOCM) will experience a con-
trast reaction, though the vast majority
of reactions are mild and require no
treatment. However, about 1 in 1600
(0.06%) of patients receiving LOCM
will need treatment for a reaction and a
severe life-threatening reaction occurs
with about 1 in 2500 patient injections
(0.04%). Key to treating a contrast
reaction is recognition of the type of
reaction. Patient manifestations of reac-
tions can be generally divided into 3
main categories: the uncomfortable
patient; the subdued, poorly responsive
patient; and, the anxious and agitated
patient. In general, the more quickly a
contrast reaction is recognized, cor-
rectly diagnosed and treated, the better
the result—with less medication.
Therefore, the goals of management
should include early detection, the nec-
essary multitasking to understand the
type of reaction, and initiation of appro-
priate treatment as soon as possible.
This article reviews some mecha-
nisms of reactions, the clinical presen-
tations of the various reactions, and
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outlines an approach and recommended
medications for dealing specifically
with each reaction type.

Mechanism of contrast allergy

The exact causal mechanism of con-
trast-induced anaphylactic reactions is
still debated. From his extensive
research, Elliot Lasser' has proposed a
mechanism in which the large contrast-
containing molecule causes an over-
load effect on the antigen-binding sites
on immunoglobulin E (IgE) of mast
cells and basophils and does not bind
directly to an antigen-specific site.
This effect varies with the particular
contrast medium. Since the immuno-
globulin binding is nonspecific, the
resultant reaction depends on the quan-
tity of circulating IgE and mast cells at
the time the contrast medium is admin-
istered. This nonspecific binding helps
explain why patients with strong aller-
gic history are at particular risk and
why prior exposure to the contrast
agent is not necessary for a reaction
to occur.

Other considerations are that direct
contact of the contrast agent with the
endothelium of blood vessels may
activate Factor XII; this substance in
turn activates kallikrein; kallikrein
activates bradykinin; bradykinin acti-
vates prostaglandin and the leu-
cotrienes.'? Leucotrienes are similar
in their action to histamine, but are
multifold more potent and not blocked

by antihistamines. Bradykinin can
mimic all the significant pathophysio-
logical effects of histamine but is far
more potent and, again, this sequence
of events would not be blocked by
antihistaminic drugs.

Incidence of allergic reactions

Although 3% of patients who receive
nonionic LOCM will experience a con-
trast reaction, the vast majority of reac-
tions are mild and require no treatment.**
Moderate reactions, such as bron-
chospasm or hypotension, occur with
approximately 1 of 250 patient injec-
tions (0.4%). Severe, life-threatening
reactions are very uncommon, occurring
with 1 in 2500 patient injections
(0.04%).* Experience at the Mayo Clinic
(reported by Hunt et al., at the 2007
meeting of the Society of Uroradiology)
is that 0.06% (1 in 1600) of patients
receiving LOCM needed treatment for a
reaction and about 0.02% (1 in 5000)
receiving gadolinium agents needed
treatment for a reaction. With the newer
nonionic iso-osmolality dimers, acute
idiosyncratic reactions seem to occur
about as frequently as with the
monomeric LOCM; some nonionic
dimers have an increased frequency of
delayed reactions, though most are
thought to be mild.

Today, occurrence of a fatal reaction
is much less frequent than 30 years
ago. Exact numbers are difficult to
obtain, but using the largest series of
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reported reactions, the risk of a fatal
reaction after an injection of iodinated
LOCM is approximately 1 in 170,000
injections.* The change in fatal reac-
tions over the past 30 years from a rate
of 1 in 30,000 injections to 1 in
170,000 likely reflects the increasing
use of nonionic LOCM and the
increased training of radiologists and
radiology personnel about the recogni-
tion and treatment of reactions.

Manifestations of acute
contrast reactions in patients
Key to treating a contrast reaction is
recognizing the type of reaction.
Patient manifestations of reactions can
be generally divided into 3 main cate-
gories: the uncomfortable patient; the
subdued, poorly responsive patient;
and, the anxious and agitated patient.’
Uncomfortable but calm patients
typically are experiencing nausea,
vomiting, hives, itching, and redness.
Poorly responsive, subdued, or
unresponsive patients usually are
hypotensive or hypoglycemic.
Anxious or agitated patients are
hypoxic, either due to bronchospasm,
edema of airways, laryngeal edema, or
possibly pulmonary edema.
Recognizing these signs and the
patient’s behavior helps identify the
exact reaction, and thereby, the most
effective treatment. The reactions to
gadolinium agents and treatment of
these reactions are exactly the same as
those due to iodinated contrast agents;
they occur much less frequently.

Signs and symptoms

Nausea and vomiting is less common
with nonionic LOCM. It is rarely of sig-
nificance, however, it may be the initial
component of a more serious reaction.
These reactions occur more frequently
with some gadolinium agents.

Urticaria/hives, itching, and/or diffuse
erythema are more common than nausea
and vomiting. They vary in severity and
may be a component of a more general-
ized, acute systemic reaction. These
should be treated symptomatically if
they occur as an isolated event.
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Angioedema and airway narrowing
are significant reactions. A contrast
reaction presenting with angioedema
of the face and lips should alert the
radiologist that edema of the lower air-
way, including the larynx, may also be
occurring.

Laryngeal edema is a serious, life-
threatening event requiring prompt and
aggressive treatment. This is the “anx-
ious patient” and symptoms include
coughing, attempts to clear the throat,
hoarseness, squeaky voice, and a sense
of having a lump in the throat. This
patient has difficulty taking air in.
These patients are usually very agi-
tated as they feel they are being suffo-
cated or smothered.

Bronchospasm resembles the classic
asthma attack. This is seen as an anx-
ious patient, and symptoms include
chest tightness, shortness of breath and
wheezing. The patient has difficulty
getting air out. These patients often
have a history of similar attacks.

Hypotension with responsive tachy-
cardia usually is a component of an
acute, generalized systemic anaphylaxis-
like reaction. It can complicate and slow
absorption of treatment medications
given to treat the reaction. A caveat:
marathon runners and patients on beta-
blockers may have a slow pulse without
having a true vaso-vagal reaction.

Hypotension with vagal-induced
bradycardia (vaso-vagal reaction) is seen
in patients presenting with symptoms of
hypotension plus a very slow heart rate.
The patients are calm, subdued, dia-
phoretic, and have cool skin. Since these
patients are already supine/recumbent in
the scanner, the severity of the reaction
encountered in radiology is usually much
worse than when a vaso-vagal reaction
or fainting spell occurs in an upright
patient. A key to this diagnosis is recog-
nizing the bradycardia.

Acute, generalized systemic reactions
usually have many of the above compo-
nents—hives, redness, angioedema, air-
way compromise, hypoxia, and hypo-
tension. This reaction can progress
rapidly, and therefore, requires early,
active and aggressive treatment.

Acute pulmonary edema is uncom-
mon, but may be due to a reaction
directly in the airways and lungs, or it
may reflect cardiac decompensation
and/or myocardial infarction.

Cardiopulmonary collapse and/or
cardiac arrest can occur suddenly with-
out preliminary signs. It might evolve
rapidly from initial nausea and vomiting
or from a moderate contrast reaction to
complete cardiovascular collapse.

Adverse effects in children

Children have a lower incidence of
contrast reactions. The reactions that
they experience tend to be anaphy-
laxis-like and/or involve the airway.®
Children have strong hearts, so cardio-
vascular-type reactions are very
uncommon.

Nonvascular routes of administration
and acute contrast reaction

Both high-osmolality ionic (HOCM)
water-soluble contrast and LOCM are
used to opacify the GI tract if barium is
not desired. If iodinated contrast is
absorbed into the bloodstream, the risk
of an allergic-like contrast reaction can
be just as significant and severe as if the
iodinated contrast were administered
directly intravascularly. Contrast media
are absorbed rapidly from the peri-
toneal cavity or severely inflamed
intestinal mucosa. Situations of poten-
tial significant absorption occur when
water-soluble iodinated contrast is used
to opacify the GI tract in patients with
inflammatory bowel disease, bowel
perforation, and potentially during
high-grade intestinal obstruction when
ischemia of the bowel wall is present.
Reactions can be similar in presenta-
tion and severity as when they occur
after intravascular administration.

Anaphylactic-like reactions are not
considered to be dose-related. There-
fore, other routes of administration that
might lead to systemic absorption and
an allergic-like, acute contrast reaction
include any of the following, particu-
larly in the presence of intravasation:
endoscopic retrograde pancreatogra-
phy (ERCP) with aggressive injection;
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Table 1: Treatment outline (for adults).

Urticaria

If mild: Observe the patient; consider use of diphenhydramine (Benadryl®), 25-50 mg po/IM or 25 mg IV.

If severe: Add IV fluids, epinephrine.

Epinephrine: If not hypotensive: 1:1000, 0.1-0.2 mg subcutaneously. Alternatively, if hypotensive: Epipen® (0.3 mg) IM.
If severely hypotensive: 1:10,000 IV, 1 mL (0.1 mg) slowly IV over 2-5 min.

Bronchospasm

Laryngeal edema

Oxygen by mask (10 L/min).
Beta-2 agonist metered dose inhaler (2-3 deep inhalations); e.g. metaproterenol, terbutaline, or albuterol.
(If unresponsive to inhaler, use epinephrine as above).

Epinephrine:

Anaphylaxis-like, generalized, systemic reaction

Oxygen by mask (10 L/min).
If not hypotensive, use 1:1000, 0.3 mg subcutaneously or 0.3 mg IM (Epipen).
If hypotensive: 1:10,000, IV, 1 mL (0.1 mg) slowly IV over 2-5 min;

alternative if not severely hypotensive: Epipen (0.3 mg) IM.

IV fluids:
Epinephrine:

If hypotensive:

Antihistamines:

Corticosteroids:
Hypotension

Suction as needed.
Elevate the patient’s legs.
Oxygen by mask (10 L/min).
Normal saline or lactated Ringer’s solution.
If not hypotensive, use 1:1000, 0.3 mg subcutaneously or 0.3 mg IM (Epipen).
Do not use subcutaneous epinephrine if patient is hypotensive.
1:10,000 IV, 1 mL (0.1 mg) given slowly IV over 2-3 min; incrementally repeat small doses as needed
up to maximum of 1 mg. If there is no IV access, use Epipen (0.3 mg) IM.
If bronchospasm is prominent, add beta-2 agonist metered dose inhaler (MDI, 2-3 deep inhalations);
e.g. metaproterenol, terbutaline, or albuterol.
Diphenhydramine (Benadryl), 25-50 mg /IM or 25-50 mg IV. A secondary medication. (Caution: may cause or exacer-
bate hypotension; may thicken bronchial secretions).
Hydrocortisone (e.g. 100-200 mg 1V) or methylprednisolone (e.g. 80-125 mg IV). A secondary medication.

IV fluids:

Vagal reaction (hypotension plus bradycardia)

Elevate the patient’s legs.

Oxygen by mask (10 L/min).

Normal saline or lactated Ringer’s solution.

If unresponsive, call code and begin to administer epinephrine, 1:10,000, 1V, 1 mL (0.1 mg) slowly IV over 2-3 min.
If IV access cannot be obtained, 1:1000, 0.3 mg IM (Epipen).

Elevate the patient’s legs.
Oxygen by mask (10 L/min).

IV fluids: Normal saline or lactated Ringer’s solution.
Atropine: 0.6-1.0 mg IV; repeat g 3-5 minutes as needed, up to maximum of 3 mg.
Angina
Oxygen by mask (10 L/min).
IV fluids: Administer very slowly.
Nitroglycerin: 0.4 mg sublingually; may repeat g 15 min; or nitroglycerin 0.2% ointment; apply 1” strip and rub in (use gloved hand).
Morphine: 2mg Vv
Pulmonary edema
Oxygen by mask (10 L/min).
IV fluids: To keep IV access open.
Furosemide (Lasix®), 40 mg IV.
Morphine: 2mg IV
Nitroglycerin: 0.4 mg sublingually; may repeat g 15 min; or nitroglycerin 0.2% ointment; apply 1” strip and rub in (use glove).
Hypertension
Oxygen by mask (10 L/min).
IV fluids: Administer very slowly.
Nitroglycerin: 0.4 mg sublingually; may repeat g 15 min; or nitroglycerin 0.2% ointment; apply 1” strip and rub in (use glove).
Seizures
Protect the patient.
Airway: Suction as needed; monitor airway for obstruction by tongue.
Oxygen by mask if not vomiting.
If caused by hypotension, +/- bradycardia, treat per protocols. Uncontrolled: consider anticonvulsant, e.g. lorazepam IV
Hypoglycemia
Oxygen by mask (10 L/min).
IV fluids: D5w.
Dextrose 50% solution, IV push (50 mL, 25 grams).
Oral glucose: e.g. glass of orange juice.
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retrograde ureteropyelography with
injection that results in pyelovenous
backflow and/or retrograde urethrogra-
phy; extensive leak into the retroperi-
toneum or during hysterosalpingog-
raphy; and cystography with bladder
rupture or leak.

Recognition of acute
contrast reactions

In general, but not always, the more
quickly a contrast reaction is recog-
nized, correctly diagnosed and treated,
the less medication is required to
achieve better results. Therefore, the
goals should include early detection
and the necessary multitasking to
understand the type of reaction and to
initiate appropriate treatment as soon
as possible. Below is an action plan to
help identify and manage contrast
reactions.

Basics
1. Quickly assess the situation.
2. Call for assistance: The type of
assistance will be determined by
the initial assessment.

Initial assessment
1. Look critically at the patient.
2. Get vital signs and obtain a pulse.
3. Talk with the patient.

Evaluate the the patient
1. Acuity of their condition.
2. Is there any facial, eyelid or
lip edema?
3. Are hives present?
4.1s there any hoarseness that was
not present before the exam ?

Obtaining a pulse is important
because a palpable radial pulse equates
to a systolic blood pressure of between
80 to 90 mmHg. Taking the pulse allows
rapid assessment of tachycardia or
bradycardia. This information helps dif-
ferentiate between the vaso-vagal reac-
tion with associated bradycardia and the
compensatory tachycardia response of
usual hypotension.

Talking with the patient will help
determine if:

1. They are oriented to name and
place.

2. They are short of breath.

3. They are coughing, struggling to
get air in or experiencing inspira-
tory stridor.

4. They are wheezing or trying to get
air out (i.e. bronchospasm).

5. They are just short of breath
without inspiration or exhalation
signs, and therefore, may have con-
gestive failure or noncardiac pul-
monary edema (you may hear rales
with or without a stethoscope).

When an acute contrast reaction is

identified there are several steps that
should be followed, the specifics (and
dosages) are detailed in Table 1, but in
general, the following steps apply to all
acute reactions:

* Assure an open airway; provide
supplemental oxygen; suction as
needed.

» Take pulse and blood pressure.

* Obtain I'V access.

e Elevate legs.

* Provide medications, drug box and
CODE cart.

* Monitor heart and pulse oximeter.

Actions and treatments
The uncomfortable patient

This patient is experiencing a cuta-
neous reaction with itching and hives.
If these are the only manifestations and
the patient has no symptoms of airway
compromise, and the pulse and blood
pressure are normal, it can be either
observed or treated symptomatically.

Observe for other signs, symptoms
and check vital signs.

Use an antihistamine for itching that
progresses and/or is not well-tolerated
by the patient; e.g. diphenhydramine
(Table 1).

The calm, poorly responsive
patient

This patient is experiencing either
hypotension or hypoglycemia. The
patient with hypotension is usually
pale, cool to the touch, and might have
beads of perspiration on their forehead
or upper lip. They might be nauseated.

Since the patient is already supine, the
hypotension is usually more profound
when encountered than if the patient
were sitting.

Call for assistance. You will likely need
to give IV fluids and oxygen or, in the case
of hypoglycemia, a bolus of glucose.

For hypotension, determine whether
the patient has concurrent bradycardia
or has tachycardia.

For hypoglycemia, inquire about
any diabetes history, and determine
blood pressure and pulse to exclude
hypotension.

For hypotension with tachycardia
supply oxygen via mask, elevate the
legs to 60 degrees to “dump” fluid cen-
trally, and administer I'V fluids (normal
saline or lactated Ringer’s solution).

For hypotension with bradycardia
(vaso-vagal) reaction, note that this
hypotension is compounded by vagally-
stimulated bradycardia, which prevents
normal cardiac compensation for periph-
eral vasodilation. Supply oxygen via
mask, elevate the legs to 60 degrees to
“dump” fluid centrally, and administer
IV fluids (normal saline or lactated
Ringer’s solution).

If the patient remains hypotensive,
feels poorly and has bradycardia, it is
essential to treat the bradycardia with
IV atropine (Table 1).

Anxious, agitated patient
This patient is hypoxic. These patients
feel like they are being smothered or
drowning. They want to get out of the
scanner and off the table. They are “des-
perate.” The longer the hypoxia contin-
ues, the more difficult treatment becomes.
Call for assistance. You will need to
give IV fluids, oxygen and medications.
The situation might deteriorate rapidly.
First, assess whether the patient has
trouble getting air in, trouble getting air
out, is short of breath, or is just anxious.
Look for other signs of edema that
will provide a clue as to the status of the
patient’s airway. These signs include
edema of the eyelids, lips and face. Look
for urticaria on the chest and abdomen.
Talk to the patient. Do they have a
“squeaky” voice, characteristic of
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laryngeal edema. Are they coughing?
Coughing can also be a sign of laryn-
geal edema. Do they have a history of
asthma. Are they oriented or confused
due to hypoxia and/or hypotension.

Take their pulse and assess whether
they have tachycardia or bradycardia.
Obtain pulse oximetry, blood pressure
and begin cardiac monitoring.

As to treatment, provide oxygen,
obtain IV access and administer IV flu-
ids (saline, lactated Ringer’s) if hypoten-
sive. Elevate the legs if the patient is
hypotensive.

Administer medications directed at
the specific cause of the symptoms
(Table 1). Bronchospasm should receive
beta-2 agonist inhaler. Airway edema or
laryngeal edema should receive epi-
nephrine. Pulmonary edema should
receive furosemide (Lasix®).

Other medications to consider
include diphenhydramine (Benadryl®)
which has potential side-effects that
can adversely affect treatment. It might
cause hypotension or it may thicken
airway secretions. Therefore, this drug

RECOGNITION AND TREATMENT OF ACUTE CONTRAST REACTIONS

should not be used in the acute treat-
ment of reactions with manifestations
other than progressive or poorly toler-
ated hives. It should not be used ini-
tially in patients with airway symptoms
or those with falling blood pressure.

Corticosteroids should be added later
in the course of treatment. Keep in
mind that they have no effect on acute
edema. Their use should be to help pre-
vent delayed, recurrent reaction.

Conclusion

Rapid recognition of the signs and
presentations of a contrast reaction
allows radiology personnel to identify
the type of reaction which, in turn,
facilitates rapid treatment and reversal
of the reaction.
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