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Appendix E: Mechanistic and Clinical Characteristics of Hypersensitivity Reactions

By G. Faich, M.D.

Terminology
Hypersensitivity, in particular anaphylaxis and anaphylactoid reactions, as found with contrast

agents, is due to two main mechanisms and with a range of clinical severity due to each of these.
Definitionally, anaphylaxis and anazphylactoid reactions have been separated by these two
mechanisms and clinical findings."

Mechanistically, anaphylaxis has been defined as “a systemic immediate hypersensitivity
caused by the rapid, IgE-mediated immune release of potent mediators from tissue mast
cells and peripheral blood basophils.” In contrast, anaphylactoid reactions are “those
clinical events caused by mediator release from mast cells and basophils by non-IgE-
mediated triggering events.”

Clinically, some have reserved the term anaphylaxis for severe and immediate allergic
reactions characterized by cardiovascular and respiratory compromise including
angioedema and laryngeal edema, airway obstruct, hypotension and at times
cardiopulmonary collapse. Anaphylactoid reactions are those with lesser degrees of
hypotension and/or respiratory effects which may be immediate or delayed in onset.

Clinical and mechanistic aspects

As noted, Type I hypersensitivity is the immediate and the “classical” type of severe anaphylaxis
usually mediated by IgE due to preexisting sensitization. However, Type I hypersensitivity can
also occur with direct mast cell activation by an agent (since not IgE mediated, often called
anaphylactoid).

The clinical manifestations ' of Type 1 hypersensitivity are, by organ system:
* Skin-urticaria or rash and pruritis
*  Airway- angioedema with dyspneas, wheezing or bronchospasm. Severe
airway obstruction and respiratory collapse can occur.
*  Cardiovascular-flush or erythema. When severe, peripheral vasodilation,
hypotension, shock, cardiac arrest may follow.
* Gastrointestinal-nausea and vomiting, pain, diarrhea

When IgE mediated, there may be substantial and rapid release of mediators including histamine
resulting in profound effects. The direct degranulation of mast cells by releasing mediators due
to an agent without involvement of IgE mechanism is probably the most common for
noniodinated contrast agents. It should be noted that both mechanisms can be also associated
with anaphylactoid, milder, clinical effects.?
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Examples and distinctions between IgE and direct mediator release based reactions.
Examples of hypersensitivity inducing agents include IgE sensitizers such as hymenoptera
venom and penicillin. Upon exposure after sensitization, even of minute amounts, severe
anaphylaxis may occur. Examples of direct releasers of mast cell mediators include
ciprofloxacin, vancomycin and radiocontrast agents. A critical issue and distinction between
these two mechanisms and groups of agents is that for the latter agents, total dose and rate of
exposure are related to severity of the reaction. >*°

Fatal reactions are generally due to airway obstruction or vascular collapse. It is estimated that
70% of deaths are from respiratory causes and 24 % from cardiovascular collapse (see table in
reference 2). Cardiovascular collapse alone as a sole manifestation is rare, occurring in just 1%
of a series of patients with severe Type I hypersensitivity reactions.’

Parenteral penicillin has been on of the most frequent causes of all deaths from anaphylaxis with
most of the rest due to insect venom in some of the literature. Contrast agents are also important
causes of anaphylaxis. The rate of anaphylaxis from penicillin is estimated to be 0.01 to 0.05%
per exposure >,

High molecular weight protein compounds known to elicit immunologically mediated
anaphylaxis include streptokinase, insulin, protamine, erythropoetin and vaccines. ¢

Contrast Agents

Iodinated agents

The older literature and labels’ give rates of allergic type reactions for high osmolality/ionic
radiocontrast agents of 5-8% with life threatening reaction rates of 0.1-0.5%. Both IgE and
direct mediator release mechanisms have been identified for these agents. Newer low osmolality
and nonionic agents have lower overall reaction rates presumably due to lower osmolarity
resulting in less non IgE triggering of mediator release.®>!%112 The major risk factor identified
for allergic risk is a history of allergic reactions to medications.” The rate of serious adverse
reactions recorded in approved labeling include 1.5% for Oxilan and 1.2% for Iohexal.'?

MR agents
Generally MR agents are thought to be safer than nonionic iodinated contrast agents."*"> In the

published literature for Optimark, a gadolinium MR agent there were rates of 5.2% for
vasodilation and 0.9% for rash compared to rates for Magnevist of 2.1% and 2.1% respectively.
Overall for Optimark the skin reaction rate was 2.1% and there was a trend toward an increase in
this rate with increased dosing reaching 4.1% for 0.3 mmol/kg.'®
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Parenteral iron products

As noted, hypersensitivity reactions have occurred with all these products. However, it should be
emphasized that the risk appears to vary greatly with such reactions occurring at a rate estimated
to be as high as 2% for iron dextran and as low as | per 1,000 for iron gluconate.'”'®
Hypotension may be related to the rate of administration and the total dose administered. The
hypotensive reactions are no associated with signs of hypersensitivity and have usually resolved
within one or two hours.'*?°

Management of hypersensitivity reactions

Treatment of hypersensitivity reactions depends upon their severity and clinical course.
Anaphylaxis and severe anaphylactoid reactions often commence with cutaneous and/or airway
symptoms. Initial management consists of placement in a recumbent position, maintenance of an
airway, administration of oxygen, subcutaneous or intramuscular epinephrine, and
antihistamines. Bronchospasm therapy may include beta 2 agonists and/or aminophylline. If
hypotension occurs, initial treatment includes intravenous fluids. Vasopressors such as
dopamine may be considered. (See American College of Radiology and table 2 in Shellock 1999
reference 15).
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