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PREFACE

We have experienced, in our over 60 years of combined teaching and practice of
allergy and immunology, most of the challenges that our field can present. We felt it
desirable to share this experience with other physicians engaged in the care of the allergic
patient. In order to do that we assembled a group of authors who we felt were extremely
knowledgeable in given areas of allergy immunology and have asked them to share this
knowledge with our readers. We presume that these readers will be physicians engaged
in the “front line” care of the allergic patient. We have thus attempted to make this
textbook as “user friendly” and clinical as possible.

The text is designed to give an overview of the principles of pathophysiology in such
a manner as to allow them to be applied to the therapy of the patient. The major intent of
the volume, however, is to help the physician deal with the day-to-day approach to the
allergic patient.

The text is arranged to deal with individual disease states as well as the tools that we
use to treat the allergic patient. Thus, there are chapters on common allergic diseases,
such as asthma and rhinitis, as well as sections devoted to the drugs used to manage
allergic patients and special techniques, such as allergen immunotherapy and environ-
mental control.

In addition, controversial areas in our field are dealt with in a separate chapter written
to familiarize the nonspecialist with forms of therapy that are, at best, of questionable
value, and at worst no value at all. It is our hope that the text will disseminate some of the
practical knowledge that we have accumulated over our three decades of practice and
teaching. We also hope that its message has been delivered effectively, mainly to the
primary care physician who is involved with the care of allergy patients.

Phil Lieberman, MD
John A. Anderson, MD
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1 Allergic Disease
Pathophysiology and Immunopathology

Randy J. Horwitz, MD, PhD
and Robert E Lemanske, [r., MD
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INTRODUCTION

The primary care physician deals with allergic conditions far more often than he or
she may suspect. Asthma, allergic rhinitis, and atopic dermatitis are just a few examples
of these immunological diseases. The high prevalence of drug reactions in the popula-
tion prompts all physicians to obtain an allergy history prior to prescribing any antibi-
otic, illustrating the importance of these disorders in clinical medicine.

With knowledge of the mechanisms mediating allergic reactions, a clinician can ap-
preciate the pathophysiologic changes brought about by the introduction of a foreign
antigen to a normally well-balanced system. This knowledge of the underlying mecha-
nisms of allergic disease enables the physician to recognize and even anticipate adverse
reactions. Knowing that some asthmatics might experience a late-phase allergic re-
sponse, for example, compels the physician to continue intensive therapy until the reac-
tion has subsided.

The development of allergies involving IgE antibody formation, also known as
atopy, involves both complex genetic and environmental influences that are only now
being elucidated. Put simply, we cannot predict which individuals will develop allergies

From: Allergic Diseases: Diagnosis and Treatment
Edited by P. Lieberman and J. Anderson Humana Press Inc., Totowa, NJ
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2 Horwitz and Lemanske

Naive Sensitized Degranulated

Fig. 1. Allergic sensitization and degranulation. The process of sensitization and degranulation in
mast cells is analogous to the detonation of a bomb. Initial binding of specific IgE to the naive mast
cell surface “primes” the cell for activity. Subsequent binding of allergen to the mast cell is akin to
lighting the fuse of the bomb. Intracellular biochemical events lead to the ultimate “explosion”—a
cellular degranulation leading to mediator release.

and which will not based on simple Mendelian inheritance patterns. However, there
does appear to be a higher incidence of allergies among offspring of allergic parents.

The two-step process by which one initially becomes “allergic” to a substance begins
with sensitization (Fig. 1). During the initial stage of sensitization, the individual devel-
ops significant amounts of IgE antibodies against an inhaled, ingested, or injected sub-
stance. Memory B-cells that are capable of immediately producing more of this specific
IgE antibody when stimulated also appear. The second stage involves the adherence of
this newly formed IgE antibody to circulating blood basophils, or to the mast cell lo-
cated in the mucosal surfaces of the skin, the gastrointestinal tract, and the respiratory
system. These tissue mast cells were previously coated with IgE antibodies directed
specifically against other potentially allergenic substances. The new exposure simply
added to the existing population. There are millions of IgE molecules of different speci-
ficities (directed against different allergens) on the surface of each mast cell and ba-
sophil. An individual is considered to be “sensitized” only after IgE antibodies against a
certain substance have been produced and are bound to the surface of mast cells and ba-
sophils. The process of sensitization does not produce any of the symptoms that we
equate with allergic disease—in fact, a person is usually unaware of these initial molec-
ular and cellular changes. It is not until re-exposure to the allergen that allergic symp-
toms begin to appear.

The second step in the two-step process of becoming allergic involves the re-
exposure of a sensitized person to the allergen, with the production of symptoms rang-
ing from negligible rhinorrhea to sudden death. Most cases lie somewhere in between.
The biochemical events that lead to allergic symptoms will be discussed in some detail
below, using an anaphylactic reaction to an insect bite as an illustrative example. How-



Chapter 1 / Allergic Disease 3

ever, one should keep in mind that although the cellular and molecular events for all
immediate hypersensitivity reactions are similar, differences in target organ responses
ultimately dictate the clinical patterns of disease activity once a reaction has been
induced.

THE ALLERGIC REACTION: A SCENARIO

Six-year-old Jimmy Doe (John’s son) was playing with toy trucks in his backyard,
when he unwisely chose to bulldoze a yellow jacket nest. Fortunately, he escaped with a
single bite on the ankle. While his mother was putting ice on the bite and wiping away
Jimmy’s tears, yellow jacket antigens, which were injected at the time of the bite, were
being filtered through the bloodstream and the lymphatics, with some lodging in re-
gional lymph nodes. Here the antigens encountered T- and B-cells and were recognized
as foreign proteins. The interaction with lymphocytes leads to IgE production in those
genetically predisposed—allergic or atopic individuals. This IgE was specifically di-
rected against the yellow jacket venom, and circulated briefly through the bloodstream
before binding to IgE receptors on tissue mast cells and blood basophils. These recep-
tors bound the antibody at the F, end of the molecule, leaving the F,, (antigen-binding)
region exposed and free to bind circulating antigen. By this time the venom had long
since been cleared by the reticuloendothelial system, producing only a mild local reac-
tion at the site of the sting. The only evidence that Jimmy was ever stung was the pres-
ence of the specific antivenom IgE on his mast cells and the presence of a few memory
B-cells capable of producing more of the antivenom IgE if they were ever to see it
again.

Two years later, Jimmy is stung again by a yellow jacket while at a picnic. Within
minutes, he is wheezing and having difficulty breathing. He is gasping for air as the
paramedics are summoned and is cyanotic by the time they arrive. Fortunately, prompt
treatment allows him to recover. At a molecular level, the events responsible for
Jimmy’s problem began with the sensitization. From that point on, his immune system
made him a living time bomb, ready to detonate when provoked by the yellow jacket
antigen “trigger.” Despite a two-year gap, the immune system never forgot its initial ex-
posure to the venom. On being stung for the second time, the yellow jacket venom again
circulated through the bloodstream and lymphatics. This time, however, it flowed past
the mast cells with IgE antivenom antibodies already situated on their surfaces. These
IgE molecules acted like molecular hands and grabbed the venom as it passed by. Even-
tually, when the number of venom molecules bound to the IgE on the mast cell surface
became high enough, some of the IgE antibodies crosslinked and a chain reaction
began. The mast cells poured forth preformed chemicals that had until then been quies-
cent in intracellular granules—chemicals that cause bronchoconstriction, vasodilata-
tion, and upper airway edema. In addition, the triggering and degranulation of the mast
cells led to the de novo production of other substances that also contributed to the reac-
tion. The effect of the re-exposure to the venom in Jimmy’s case is termed anaphylaxis
and represents the most severe type of allergic reaction. Fortunately, such a reaction is
rare and can often be prevented, or at least attenuated. We will now explore the patho-
physiology of such a reaction in greater detail, starting with the effector cell in immedi-
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The Allergic Process

The familial tendency to be allergic is called atopy.

Children bomn to allergic parents, are born with the potential to be allergic, not with

preformed specific allergies.

» Sensitization involves IgE antibody formation directed to specific allergens plus
fixation to effector cells such as mast cells.

* Allergic reactions results from re-exposure to the allergen, allergen—IgE interac-

tion at the cellular level, and release/formation of chemical mediators, which result

in symptoms.

ate hypersensitivity, the mast cell. We will also mention the basophil, a granulocyte that
releases mediators similar to those of the mast cell.

ASPECTS OF IGE PRODUCTION

As noted above, the key intermediary in allergic conditions is the IgE antibody. It is
an individual’s propensity to produce IgE in response to an “allergic antigen” (also
known as an allergen) that renders him atopic. The same allergen that would stimulate
B-cells to produce IgG or IgM in a nonallergic individual may stimulate IgE antibody
production in an atopic person.

What makes the body respond to allergen exposure by making IgE as opposed to
other classes of antibodies? You may recall that antibody molecules consist of a variable
region responsible for recognizing and binding the offending antigen and a constant re-
gion whose purpose is to dictate the fate of the antigen—antibody complex. For example,
a person may make both IgA and IgG antibodies against a virus. Both are capable of
binding to that virus, but the IgA is found mainly in secretions (such as the nasal mu-
cosa), whereas the IgG predominates in the bloodstream. Although all of the mecha-
nisms by which a particular antigen favors the production of one class of antibody over
another are not firmly established, several factors that may favor IgE formation are
worth discussing.

All antigens initially elicit the production of IgM antibodies against an injected or in-
haled allergen. With repeated exposure, the antigen may stimulate an event known as
“class switching,” whereby the constant portion of the antibody will “switch” to another
class (ie., IgG, IgA, or IgE). The new antibody will still have the same antigen recogni-
tion region (against influenza virus, for example), but it will now be sitting on another
constant region (IgG or IgA, for example). The process of class switching requires acti-
vation of the B-cells, a feat that is accomplished by B-cell interaction with helper T-
cells. The T-cell utilizes direct cell-to-cell contact with the B-cell, as well as soluble cy-
tokine signals. In the case of IgE production, the T-cell releases a cytokine called
interleukin 4 (IL-4). This IL-4 reacts with the B-cell and seems to say, “switch to the IgE
class of antibody.” Indeed, IL-4 is such an essential signal for IgE production that mice
that have been genetically engineered to be devoid of IL-4 (“IL-4 knockout mice”) are
unable to synthesize IgE. The molecular machinations responsible for these events are
complex and beyond the scope of this chapter.

The ability to produce polyclonal IgE antibody is present as early as 810 wk of ges-
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tation. Since IgE antibody cannot cross the placenta, any amounts present in cord blood
have been produced entirely by the fetus. During the first year of life, antigen-specific
IgE antibody is directed primarily against food antigens; by age 2-3 yr, aeroallergen
sensitivity begins to become more prevalent.

The biochemical structure of an antigen appears to play a role in determining the iso-
type response. A polysaccharide antigen, from the surface of Streptococcus for instance,
will prompt B-cells to produce IgG but not IgE antibodies. In contrast, certain proteins
from parasites can cause the B-lymphocytes (with help from the T-cells and their IL-4)
to cease production of IgG or IgM and, instead, to churn out vast quantities of IgE.
However, exactly what it is about the structure of proteins that preferentially leads them
to become allergens, thus stimulating IgE synthesis, remains unresolved.

THE MAST CELL

The mast cell was first described by Paul Erlich in 1877, while he was still a medical
student. He chose the name Mastzellen (“well fed’”) based on the cell’s characteristic
cytoplasmic granules (he incorrectly thought that the mast cells were phagocytes and
that the granules were ingested debris). We now recognize the central role that mast
cells play in the immediate hypersensitivity response.

As with all hematopoietic cells, the mast cells are formed by the action of soluble fac-
tors on a pluripotent stem cell (progenitor cell) in the bone marrow. The cells emerge
from the bone marrow and migrate to the connective tissues, where they mature, acquir-
ing both cytoplasmic granules and a coating of high-affinity IgE receptors (called
F.£RI) on their cell surface. Despite gross morphological homogeneity, it is now appar-
ent that mast cells are a heterogeneous cell population. Subtle histochemical differences
are apparent when analyzing mast cell populations in different anatomical compart-
ments. For example, mast cells isolated from the lung differ from those obtained from
the skin. Most pulmonary mast cells primarily contain one neutral protease, called
tryptase. Skin mast cells, on the other hand, contain large amounts of both tryptase and
another protease, called chymase (described below). Mast cells in humans are divided
and named based on this biochemical difference, and are termed MCr or MCrc, respec-
tively. The tissue distribution of these subtypes of mast cells is illustrated in Fig. 2. The
relative numbers of MCt or MCrc may change locally with tissue inflammation or fi-
brosis. It is thought that cytokine differences in the microenvironment of the tissues are
responsible for this differentiation.

The most characteristic feature of the mast cell is undoubtedly the metachromatic
granules, which account for over 50% of the cell volume and dry weight. These gran-
ules contain the preformed chemical mediators of allergic reactions, many of which are
still unidentified. There are no accurate means of discerning from what tissue an iso-
lated mast cell population is derived, since mixtures of both MCr and MCrc cells are
found in all tissues. In other words, although a given tissue may display a predominance
of one type of mast cell, the population is heterogeneous in all locations.

MEDIATORS OF THE ALLERGIC RESPONSE

The mediators released by the mast cells and the basophils can be grouped into two
categories: the preformed substances contained within the granules and the newly gen-
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Organ % MC-T cells % MC-TC cells
Skin 5 95
Intestinal mucosa 80 20
Intestinal submucosa 30 70
Alveolar wall 95 5
Bronchial subepithelium 40 60
Dispersed lung mast cells 90 10
Tonsils 40 60
Nasal mucosa 65 35

Fig. 2. Distribution of human mast cell phenotypes. The relative distribution of the two predominant
mast cell types, MCr and MCrc in immunologically relevant human tissues and cell populations.
(Adapted from Holgate and Church. Allergy, London: Gower Medical Publishing, London, 1993.)

erated chemicals that are synthesized following cellular activation. These mediators
comprise the effector function of the mast cell. Together, they are able to increase vas-
cular permeability, dilate vessels, cause bronchospasm, contract smooth muscle, and
summon inflammatory cells, as summarized in Fig. 3. Few cells in the body produce
compounds with such a large and varied spectrum of activity. Several representative
mediators from each category will now be reviewed.

Histamine is a prominent preformed vasoactive amine contained within the mast
cell granule. It is formed by the action of histidine decarboxylase on the amino acid his-
tidine. Histamine is the only preformed mediator of the human mast cell with direct va-
soactive and smooth muscle spasmogenic effects. It can increase mucous production
from airway epithelial cells and contract airway smooth muscle, thus contributing to
both mucous plugging and bronchospasm. Histamine also acts to increase vascular per-
meability as well as to promote vasodilatation, thus causing extravasation of fluid into
the tissues. In extreme cases, such intravascular fluid shifts can lead to hypotension and
shock. Similarly, localized vasoactive effects of histamine are seen in the “wheal and
flare” reaction of a percutaneous allergen skin test.

Neutral proteases are compounds that catalyze the cleavage of certain peptide
bonds in proteins, thereby facilitating protein degradation. Their activity is optimum at
a neutral pH, hence the name. The two major proteases of human mast cells and ba-
sophils are tryptase and chymase. Tryptase is found in both the MCt and MCrc sub-
types of mast cells, whereas chymase is restricted to the MCrc cells. Basophils have
negligible, although detectable, levels of these proteases. The potentially dangerous
proteolytic activity of these compounds is controlled by maintaining the interior of the
granules at an acidic pH, thus inhibiting protease activity.

There are other accessory molecules that have prominent roles in the allergic re-
sponse. Proteoglycans, including heparin and chondroitin sulfate A, are important in
mast cell and basophil biochemistry, respectively. Both histamine and the proteolytic
enzymes are bound to proteoglycan compounds within the granules. It is the proteogly-
cans that give the granules their distinctive crystalline structure. Their exact function is
unclear, although many believe that proteoglycans stabilize the enzymes to which they
are bound until degranulation occurs.
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Mediators of Allergic Reactions
Molecules released from activated mast cells and basophils account for
many allergic symptoms. This list includes a sampling of those chemicals
and some of their effects, which can be redundant.

CHEMICAL ACTIVITY SYMPTOMS
Constricts bronchial Wheezing; difficulty
airways breathing
Dilates blood vessels Local redness at sites

of allergen delivery;
if dilatation is wide-
" spread, it can contrib-
w ute to a lethal drop in
2 blood pressure (shock)
<
S Histamine Increases permeability | Swelling of local tissue;
= of small blood vessels | if change in
o permeability is
& widespread, it can
0 contribute to shock
(o]
B Stimulates nerve Itching and pain in skin
3 endings
w
z Stimulates secretion Congestion of airways
of mucus in airways
Constricts bronchial Same as for histamine
Platelet-activating | airways
factor
Dilates blood vessels Same as for histamine
e Constrict bronchial Same as for histamine
e airways
< Leukotrienes —
o Increase permeability Same as for histamine
s of small blood vessels
0 -
a& | Prostaglandin D Constricts bronchial Same as for histamine
3 airways

Fig. 3. Mast cell mediators and their effects (from Lichtenstein, L. 1993, with permission).

There are two predominant classes of mediators that are synthesized de novo follow-
ing activation of the mast cells and basophils: the lipid derivatives and the cytokines.
The lipid derivatives include the leukotrienes and the prostaglandins. They represent
byproducts of the metabolism of arachidonic acid formed on activation of the mast cell.
The mast cell is able to catabolize essential membrane components and convert them
into biologically active mediators through a complex cascade of membrane-bound and
soluble enzymes. The overall pathway is seen in Fig. 4. The leukotrienes, produced by
the action of the 5-lipoxygenase system on arachidonic acid (which was generated by
phospholipase A; acting on cell membrane constituents), demonstrate many different
activities, of which the most prominent is an immediate bronchoconstriction. They also
can cause vasoconstriction in both the pulmonary and vascular beds. The primary
leukotrienes made by human mast cells are By, C4, D4, and Eg.
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[ Cell Membrane |

l Phospholipase

| Arachidonic Acid |

Lipoxygenase Cyclooxygenase

LTA4, LTB4, LTC4, LTD4, LTE4 Thromboxane A2

PGD2, PGE2, PGF2a
Prostacyclin

Fig. 4. Arachidonic acid metabolic pathways. Arachidonic acid, released as a result of phospholipase
action on the cellular membrane, is broken down by two distinct biochemical pathways. The lipoxy-
genase pathway results in formation of the leukotrienes, whereas the cyclooxygenase pathway gener-
ates prostacyclin, thromboxane, and the prostaglandins.

Arachidonic acid is also broken down by the action of the cyclooxygenase pathway,
resulting in the formation of prostaglandins, prostacyclins, and thromboxane. These
compounds generally function as local hormones and produce many of the same symp-
toms as the leukotrienes, such as bronchoconstriction, cough, and vasodilatation. The
main prostaglandin produced by human mast cells is PGD,, a compound at least 30
times as potent as histamine in causing bronchoconstriction. Thromboxane A, and
prostacyclin (PGI,) produce bronchoconstriction and bronchodilatation, respectively.
Together they function as a mechanism to maintain bronchial, as well as vascular, tone.

The identification of the cytokines synthesized by mast cells and basophils is cur-
rently an area of intense investigation. Cytokines represent the primary mechanism by
which cells can influence the activity and development of unrelated cells. In addition,
many cells respond in an autocrine fashion to the cytokines they, themselves, secrete.
Although most mast cell cytokine studies have been performed in rodent cells, several
cytokines have been identified in human mast cells. We know that human mast cells
produce IL-4 and interleukin 5 (IL-5) as well as tumor necrosis factor alpha (TNF-c).
The IL-4 stimulates mast cell differentiation and promotes immunoglobulin class
switching to the IgE isotype. Interleukin-5 is the most important factor involved in
eosinophil production and survival in humans. The TNF-o increases vascular perme-
ability and leukocyte migration.

Basophils have long been incorrectly viewed as the “blood-borne” equivalent of
mast cells with analogous granules and functions. However, these cells represent a
hematopoietic lineage distinct from mast cells, and contain neither tryptase nor chy-
mase. In addition, basophils seem to have a different role in the allergic reaction sce-
nario. They tend to release abundant amounts of histamine, but little, if any,
prostaglandin D,. This finding has been cited as evidence of their contribution to late-
phase allergic inflammatory events in the nose, skin, and lung. The presence of elevated
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Fig. 5. Mast cell activation: biochemical reactions. Following IgE crosslinking by antigen, a series of
protein kinase reactions culminate in the activation of phospholipase C, releasing DAG and IP; from
the plasma membrane. The IP; releases calcium stores from the endoplasmic reticulum, which, along
with DAG-stimulated kinases, leads to granule release. The elevated intracellular calcium also acti-
vates phospholipase A,, which generates arachidonic acid, a compound metabolized to form the
leukotrienes and prostaglandins.

histamine, but undetectable PGD,, during late responses implies that basophils are re-
cruited to sites of allergic inflammation (see Early and Late Phase Responses).

ACTIVATION OF THE MAST CELL

The mechanism by which the external signal of IgE crosslinking is translated into
cellular activation, granule release, and de novo synthesis of new molecules is a fasci-
nating tale of cellular adaptation and biochemistry. Although immensely complex, a
basic appreciation of the process will prove useful in understanding the nature of the al-
lergic response. An overview of the reactions is illustrated in Fig. 5.

The process begins with the crosslinking of two or more IgE molecules on the mast
cell surface. This requires a multivalent antigen (i.e., more than one IgE binding site on
the same molecule); monovalent antigens will not trigger mast cell activation. It is im-
portant to remember that there are thousands of different IgE molecules on every mast
cell—each of which is capable of binding to a different antigen. They float about freely
on the mast cell surface, bound by the F; portion of the IgE, until they bump into the ap-
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propriate antigen, at which point they bind tightly. Once bound by one IgE molecule,
there is a strong possibility that other IgE molecules with similar specificities will also
attach themselves to the antigen. It is at this point, with the antigen attached to the mast
cell by more than one IgE molecule, that a cytoplasmic “shiver” travels through the cell,
causing activation. This “shiver” is an oversimplification of a process called signal
transduction, and is a method of cellular communication with the external environ-
ment. In this case, the signal enters the cell via a conformational change in the F.eRI
receptor.

Once the antigen is bound to the mast cell via the IgE molecules, the cell begins a se-
ries of biochemical events that culminates in the release of its granules and the produc-
tion of lipid mediators (arachidonic acid metabolites). A series of phosphorylation
cascades begins the process. This is nature’s way of conserving energy—charged
phosphate molecules are transferred between different compounds (usually tyrosine or
serine amino acids on proteins) using enzymes called kinases. Eventually, a protein
called phospholipase C becomes phosphorylated and moves from the cytosol to the
membrane, where it assumes an active conformation. This protein catalyzes the release
of inositol triphosphate (IP3) and diacylglycerol (DAG) from the mast cell membrane.
The IP;3 causes release of calcium from intracellular stores in the endoplasmic reticu-
lum, whereas DAG is used to activate proteins involved in granule release. The calcium
serves two central functions: It is used as a cofactor for the release of the granules (with
the DAG), and also it serves to activate a protein called phospholipase A, (PLA);), the
regulator of lipid mediator production. In summary, at this point, we have the mast cell
able to release granules, but the other effector function, that of prostaglandin and
leukotriene production, is just beginning.

The production of the lipid mediators requires effective intracellular scavenging by
the mast cell. The principle is to cannibalize lipids from the membrane and transform
them into potent mediators. PLA,, activated by the calcium released from the endoplas-
mic reticulum, starts degrading phosphatidyl choline, an integral membrane com-
ponent. In turn, arachidonic acid is formed and metabolized via the two pathways
mentioned earlier: the lipoxygenase pathway (which produces leukotrienes) and the
cyclooxygenase pathway (which produces prostaglandins). As stated previously, the
main prostaglandin produced by mast cells is PGD,. Leukotrienes B4 and Cy4 are the
primary leukotrienes made. Leukotriene Cy is subsequently converted to active com-
pounds LTD4 and LTE,. The activities of these lipid mediators are described elsewhere.

In summary, the mast cell needs to accomplish two functions following activation: to
release its granules with their associated biologically active compounds and to synthe-
size additional mediators of the allergic reaction using its cell membrane constituents as
precursors. These activities utilize a great deal of cellular energy, most of which is ob-
tained from the high-energy phosphate bonds generated by the action of protein kinases.
The initiation of these cascades depends on an interaction of the mast cell with antigen.
The prerequisite crosslinking of the IgE molecules probably evolved as a safety mecha-
nism to prevent premature activation of the cell. A sufficient quantity of specific IgE
must be bound to the mast cell in order to achieve a crosslink, which is possible only if
sensitization had occurred previously.

Allergic (IgE-mediated) activation of the mast cell is summarized above, but there is
an alternate, IgE-independent mechanism of mast cell degranulation that should be
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mentioned. This degranulation is the result of mast cell membrane perturbation at a
molecular level, often requiring calcium influx. This nonimmunologic degranulation
may be triggered by opioids, anaphylatoxins (complement components), or even radio-
logical contrast dyes. Indeed, the majority of patients who report a history of “allergic
reactions” to contrast dyes have experienced non-IgE-mediated reactions.

EFFECTS OF MAST CELL MEDIATORS ON TARGET ORGANS

The examination of the mechanisms contributing to the release of mast cell media-
tors is only half the story of allergic pathophysiology. The spectrum of symptoms that
prompt a visit to the allergist begins only after these substances are released from mast
cells and interact with resident and infiltrating cells in various target organs. In the case
of Jimmy Doe, our youngster sensitized and subsequently stung by a yellow jacket,
these mediators combined to cause anaphylaxis. Histamine was liberated from the mast
cell granules and was quickly dispersed through the bloodstream. Histamine receptors
are located on many target organs, including the skin, the nasal mucosa, the smooth
muscle of the lungs and gastrointestinal tract, and vascular epithelial cells. Once bound
to its receptor, histamine causes such diverse effects as vasodilatation of small vessels
with subsequent exudation of fluid into surrounding tissue; smooth muscle contraction,
an effect of particular import when considering the muscles surrounding the bronchial
airways; and increased glandular mucous secretion, an annoyance in the nasal mucosa
but dangerous in the small bronchioles. Extreme doses of histamine cause these effects
to occur on a systemic level, possibly leading to hypotensive shock in the case of mas-
sive vasodilatation.

The lipid mediators cause symptoms that are very similar to histamine; however,
their effects are more persistent. Histamine is rapidly degraded in the serum with a half-
life <1 min, but the lipid mediators are slowly metabolized. As you recall, both
leukotrienes and prostaglandins are only synthesized after an allergic reaction has
begun, thus accounting for the delay in onset of action. Once released in the serum, the
prostaglandins bind to specific receptors and lead to bronchial smooth muscle contrac-
tion in the lungs, vasodilatation in the skin, and nasal blockage. Leukotrienes are also
highly potent bronchoconstrictors, but utilize distinct receptors on the smooth muscle
cells. They also increase permeability at postcapillary venules, leading to localized tis-
sue edema.

EARLY- AND LATE-PHASE RESPONSES

An important aspect of allergic disease, with clinical as well as scientific implica-
tions, is the concept of the late-phase IgE-mediated reaction. The mast cell activation
pathway (described above) occurs within minutes of allergen exposure. All mecha-
nisms and components of the system are designed for almost instantaneous responses—
from the signal transduction pathways to the presence of granules containing pre-
formed, “ready-to-use” mediators. Once the initial surge of mediator release is
completed, there is regeneration of the mast cell granules, although this process may
take days to weeks to be completed. If one were to speculate that an allergic reaction
represents an exaggerated host response to a foreign invader (or allergen), then it might
make sense to have a backup system in place in case the immediate response is not com-
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Early vs Late-Phase Allergen Reactions
Early Late
* Clinical response to stimuli within * Response to stimuli in 2-8 h,
minutes and upto 2 h usually following an early reaction
* Predominant effector cell: mastcell ¢ Predominant effector cell: basophil
* Predominant mediators include * All mediators, except PGD; plus
histamine, chemotactic agents, platelet activating factor (PAF)
prostaglandins (PG), and leukotrienes
» Cellular response—sparse, if any » Cellular response marked—
eosinophils, neutrophils, and
mononuclears

pletely successful. In the teleological sense, that is precisely what the late-phase re-
sponse does.

The late-phase response is a delayed-in-time inflammatory response that occurs fol-
lowing mast cell activation. It may function to amplify an initial signal resulting from
the first wave of allergen “attack.” In response to a barrage of chemotactic and differen-
tiative cytokines, multiple cell lineages (e.g., eosinophils, neutrophils) are summoned to
the site of this breach of the immune system. Together, these summoned cells constitute
the inflammatory or late allergic response (LAR). The LAR lacks the speed of the im-
mediate response, but it more than makes up for this in terms of magnitude. The LAR
typically occurs 28 h after initial allergen exposure. As stated above, the LAR repre-
sents the inflammatory phase of an allergic reaction, no matter where in the body it oc-
curs. Subtle differences in the nature and effect of the mediators involved in the LAR
have been observed in each anatomical location where it has been described. We will
consider three such microenvironments: the skin, the nose, and the lungs.

The cutaneous early reactions are well described. These are the characteristic
“wheal and flare” reactions seen with a positive skin test in an atopic individual. It re-
sembles a mosquito bite, in that it consists of a pale, circumscribed central area of
edema, surrounded by an erythematous diffuse border. This typical early phase reaction
will peak in 15 min and resolve in 30-60 min. In some cases, however, the early phase
response will persist for hours, actually blending into a late-phase response that peaks at
6-8 h following allergen exposure, and lasts up to 24 h. The cellular infiltrate observed
6-12 h after a cutaneous allergen challenge consists of a mixed population of neu-
trophils, eosinophils, and lymphocytes. Mediators produced in the cutaneous LAR re-
flect the nature of the cells summoned to the area and include various interleukins (IL-1,
IL-4,1L-6).

The nasal late-phase response is characterized by a cellular infiltrate of eosinophils,
mononuclear cells, and neutrophils, and is often accompanied by fibrin deposition. The
mediators produced in the nasal LAR are identical to those present in the early response
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with one exception: PGD, is absent. As mentioned earlier, the presence of histamine
without PGD, suggests that basophils may play a prominent role in the nasal LAR,
since, in contrast to the mast cells, they characteristically produce negligible amounts of
PGD; while maintaining a high histamine content. Nasal congestion is the predominant
symptom associated with the nasal LAR (rhinorrhea and sneezing are generally associ-
ated with the early response).

The pulmonary LAR probably has received the most attention of all anatomical
sites, probably owing to the increasing frequency and severity of asthma in the popula-
tion. In the lung, the pattern of allergic responses is well defined, with numerous exam-
ples of solitary early responses and solitary late responses, as well as dual responses
(see Chapter 7). Clinically, isolated immediate responses are those that cause airway
obstruction (with wheezing, coughing, or shortness of breath) within minutes of aller-
gen exposure. They typically resolve within 1 h. Late-phase reactions begin 3—4 h after
allergen exposure and resolve within 24 h. The symptoms associated with the late re-
sponse are similar to the immediate response, with dyspnea and cough predominating.
The pulmonary dual response consists of both the early and late response, separated by
an asymptomatic interval of normal baseline pulmonary function. In addition to typi-
cal aeroallergens, exercise has also been shown to elicit a dual response in some
individuals.

The mediators released during an early allergic response summon more helper
(CD4+) T-cells that, in turn, send out cytokine signals that attract other diverse cell types
to the area. Among these cytokines are IL.-4, which serves to increase IgE production,
and IL-5 and GM-CSF, which increase eosinophil production and survival. In addition,
other cytokines serve to increase the expression of specific leukocyte receptors on en-
dothelial cells lining the pulmonary vasculature, thus facilitating transmigration of these
cells from the bloodstream into the airway lumen.

SUMMARY

In summary, it is evident that several generalities apply to all tissues in which an al-
lergic reaction can occur. The early phase response, the immediate result of an interac-
tion between a sensitized mast cell and a specific allergen, results in the release of pre-
formed mediators, which exhibit both local and distal target organ effects. The cellular
effects of these mediators is similar in each tissue, but the clinical symptoms produced
may differ. For example, increases in vascular permeability may present as angioedema
in the skin or as congestion in the nose. The presence of a late-phase response is also
seen in various tissues and represents the inflammatory response. Since the goal of the
late-phase response is to attract inflammatory cells, the cytokine profile differs slightly
from the immediate response.

How does all this relate to little Jimmy Doe, our unfortunate youngster with allergies
to yellow jackets? His primary care physician wisely sent Jimmy to a specialist, where
he completed a course of immunotherapy, and has enjoyed care-free summers since
then. As we will see in later chapters, there are many immunological and pharmacolog-
ical interventions that may be useful in preventing both immediate and late-phase aller-
gic reactions. An appreciation of the pathophysiology of the allergic reaction is essential
to the proper use of these treatments.
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INTRODUCTION

Allergic diseases are among the most common conditions treated by physicians. It is
estimated that up to 20% of the population has or will have an allergic condition, such as
allergic rhinitis, allergic conjunctivitis, asthma, atopic dermatitis, urticaria, and food or
drug allergy. In approaching the evaluation of the patient with suspected allergy, it is im-
portant to elicit a detailed medical history, perform a comprehensive physical examina-
tion, and obtain appropriate diagnostic tests.

HISTORY

The most important part in evaluating the patient with possible allergic disease is the
medical history. It is from a complete history that appropriate physical examination and
laboratory tests develop. The allergic medical history includes all the major topics cov-
ered in medicine or pediatric histories, along with a detailed environmental evaluation.
Because many conditions may mimic allergy, it is just as important for the history to
pursue this possibility. Many allergists have patients complete detailed questionnaires
prior to their office visit (Fig. 1). This procedure can be helpful in allowing the patient to
gather information for the physician, to ensure that no important detail is omitted. Other
physicians use an allergy questionnaire in the office while obtaining the history.

First, the chief complaint is established. This is the starting point for the proper ques-
tioning of the patient. If the chief complaint is specific, such as “I have fall hay fever,”
the history can be oriented for this condition. A nonspecific chief complaint requires
probing questions to define the problem clearly. The present history should elicit all the

From: Allergic Diseases: Diagnosis and Treatment
Edited by P. Lieberman and J. Anderson Humana Press Inc., Totowa, NJ
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Patients’ Name:

Referring Physician:

Allergy Questionnaire

Date of Birth:

1. Describe briefly the reason for your visit to the allergist and what you hope to

accomplish:

2. Problems:

Yes

No

Check all items

Age of
Onset

Severity
MILD

Severity
MOD.

SEV.

Severity

Comments

Asthma
(Wheezing)

Sinus Trouble

Hay Fever

Hives or
Swelling

Eczema or
other rashes

Frequent
Infections

Food
Reactions

Drug
Reactions

Insect
Reactions

3. Symptoms: Have you had any of the following? If no, leave blank.

How many days
in the last
month.

Severity
MILD

Severity
MOD.

Severity
SEV.

Which

months are
the worst?

Runny or stuffy nose

Itchy nose

Sneezing

Itchy eyes

Wheezing

Coughing

Wheezing or cough with

exercise

Skin problems

4. Food reactions

Food:

Approximate Date:

5. Precipitating factors/triggers.

Symptoms:

Circle all the following which trigger symptoms:

a. Cutting or playing in grass

b. Raking leaves

c¢. High winds

d. Other outdoor exposure
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e. Moldy/mildew areas (basement, etc.) k. Exposure to animals
f. Smog, smoking, or smoke exposure l. Physical exertion
g. Sweeping, dusting, or m. Cold weather
vacuuming

n. “Colds” or
h. Air conditioning or heat viruses

i. Cleaning agents, soaps, bleach

J. Paint, perfume, chemicals, cooking odors

6. Previous Allergy Evaluation and Therapy

Have you ever had allergy skin tests?  If yes, give date and results of
tests

Have you ever had allergy injections? If yes,give date and length of
treatment

List all medications you are presently taking; include dosage and number
of times per day:
List all previous medications you have taken for allergies:
7. Hospitalizations
List all hospitalizations, reason for hospitalization and date:
8. Surgery
List all surgeries, reason for surgeries and date:
9. Family History

Do any member of your family have a history of allergy?

Yes | No [ Iiyes, list all relatives

Asthma

Hay Fever

[Eczema

Hives

Swelling

Frequent
Infections

Other allergies

Cystic Fibrosis

Emphysema or
other lung
diseases

10. Smoking Survey

Do you presently smoke? If yes for how many years and average packs
per day

Fig. 1. continued
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Have you ever smoked? If yes, for how many years and average packs
per day

How many other family members who live in the same house smoke?
11. Environmental Survey

a. Do you live in a house, trailer, or apartment? Age of house?

b. Do you have any rooms that are damp or musty?

¢. Has the house ever been flooded?

d. List the types of air conditioning and heating system in your home.

e. Do you have an air cleaner or air humidifier?

f. Is there carpet in your bedroom? Wall to wall or area?

g. Is there a fan in your bedroom?

h. Are there any feather objects in your bedroom, such as pillows or

comforters?

i. What type of mattress do you have?

j- What kinds of grasses, trees, and shrubs are in the near vicinity of your

house?

k. Do you have any pets? If yes, list the types of pets and are they

indoors at anytime?

l. What type of work do you do?

m. Are you exposed to anything at work or school that might aggravate

your condition?

n. How many days from school or work have you missed in the last year

because of your allergies?

o. Do you have any other exposures from hobbies or other recreational

activities which aggravate your condition?

p. If the patient is a child, where is he/she during the day? If in day care,

please the specific number of years in day care and number of children

in the day care your child attends?

Fig. 1. Allergy questionnaire. Modified from the National Jewish Center for Inmunology and Respi-
ratory Medicine, Denver, CO.



Chapter 2 / Approach to the Allergic Patient 19

patient’s current symptoms. Typical symptoms associated with allergic rhinitis include
repetitive sneezing, nasal itching, and clear rhinorrhea. Asthmatic patients may have
chronic cough, wheezing, chest tightness, and shortness of breath.

Many allergic conditions, such as asthma, urticaria, and allergic rhinitis, appear only
at certain times of the year or in specific locations. It is important for the physician to
know the times of year that particular outdoor allergens are in the air. Pinpointing the
season of the year during which symptoms occur can often lead to an accurate diagnosis
of the offending allergens. Even when symptoms occur year-round, there may be cer-
tain seasons when symptoms are worse. Depending on the area of the country, certain
outdoor allergens occur at particular times of the year. In many areas of the United
States, weeds pollinate in the fall, trees in the early spring, grasses in the late spring and
early summer, and mold spores in the summer. In certain regions of the southern United
States, mold spores and grass pollens can be a year-round allergen.

Increasingly, indoor allergens are contributing to more allergic disease. House dust
mite and cockroach allergies can cause perennial symptoms, although they may be
worse in the winter when forced-air heating stirs up these allergens. Dust mites have
their highest concentration in the carpet and bedding, especially in feather objects, such
as pillows and comforters. Many patients with dust mite allergy exhibit symptoms on
arising in the morning, such as repetitive sneezing and other nasal problems. Animal al-
lergens can also play a major role in allergic diseases. Cats are now the number one in-
door animal in homes in the United States. These animals in general are more allergenic
than dogs and can trigger major allergy symptoms. In addition to cats and dogs, it is im-
portant to determine if there are any other animals in the house, such as birds, gerbils,
rabbits, and hamsters. Mold spores can trigger allergic reactions both indoors and out-
doors. Are there moldy areas in the home? Homes with basements or that have been
flooded may have high levels of mold spores in the air. Also, homes with numerous pot-
ted plants may have high levels of mold spores in the environment owing to fungi
growth in the soil. Do the patient’s symptoms worsen when a live Christmas tree is in
the house? This could be owing to mold spores on the tree.

Irritants in the environment may be provoking symptoms in the patient. Does the pa-
tient smoke or is he or she exposed to passive smoke? Although cigaret smoke is not an
allergen, it has been linked to worsening allergic symptoms and triggering of asthma in
children. Wood burning stoves, fireplaces, and kerosene heaters may also provoke res-
piratory symptoms in the allergic patient. Children in day care centers may have twice
as many upper respiratory infections per year compared to children who stay at home.
Many times these children are mistakenly thought to have allergic conditions.

Where symptoms occur can lead to the discovery of the allergic cause. Are symp-
toms occurring at work or school? Many occupations involve exposure to particular al-
lergens, such as baker’s asthma resulting from flour, allergic rhinitis and asthma from
exposure to natural rubber latex in health care workers, and laboratory workers with al-
lergy to laboratory animals. In children, are symptoms worse during the school week or
the weekend? Are there any differences in symptoms in different geographic locations?
Do the patient’s symptoms improve when they are on vacation? Are symptoms better or
worse at someone else’s house? These questions could give information useful in nar-
rowing down the type of allergens that may be contributing to the patient’s symptoms.
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The history is the most important element in the evaluation of the allergic patient.
Key features of the history are:
» Worsening of symptoms on exposure to aeroallergens;
» Seasonal variation in symptoms related to pollination of trees, grasses, and weeds;
« A family history of atopic disease;
« An environmental history assessing exposure at workplace and home; and
« The presence of associated allergic conditions.

Because many patients with one type of allergic disorder also have other allergic
conditions, a detailed review of systems is required. Patients with asthma may have
allergic nasal and eye symptoms. Are there skin manifestations, such as atopic
dermatitis, urticaria, and angioedema? If urticaria or hives are present, how long has
the patient had this condition? Acute urticaria is hives that have been occurring for
<6 wk. Common causes of acute urticaria are foods, drugs, inhalant allergies, contacts,
or insect stings. Patients with hives for longer than 6 wk have chronic urticaria. One
should question the patient with chronic urticaria about foods, drugs, contacts, infec-
tions, physical conditions, and chronic diseases, such as malignancies, autoimmune,
and endocrine disorders.

An idea of the severity of the condition can be obtained by questioning the patient
about the number of days of school or work that have been missed, the number of
emergency department visits, and hospitalizations. Because allergic conditions are
usually chronic, many patients have had previous evaluation and treatment for their
problems. This information can be helpful in diagnosis and management of the patient.
Has the patient had previous allergy testing? How were the tests done, and how long
ago were they done? Depending on whether proper methods of allergy testing were
used, this could give data on possible allergens. Since children may develop new aller-
gen sensitivities as they grow older, previous testing may not be valid. Were any other
diagnostic studies done in the past, such as pulmonary function studies, serum IgE,
RAST, chest, or sinus roentgenograms? Did the patient have allergen immunotherapy
injections in the past? If injections were not successful, it may have been too short a
duration of treatment or may have been too low strength of the allergenic material.
What medications has the patient used for the allergic conditions? Were these medica-
tions helpful or not, and were there any side effects? This information gives the physi-
cian important data in determining what medications should be avoided and possible
future treatment.

Family history is helpful in evaluation of the patient, since heredity plays a major
role in the development of allergy. It is estimated that 40-80% of allergic patients
have a family history of allergic disease. Pertinent family members are the parents,
grandparents, and siblings. Of course, a negative family history for allergies does not
rule out an allergic condition. It is important in obtaining the family history to inquire
about conditions that may mimic allergic disorders, such as cystic fibrosis and im-
mune defects.
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PHYSICAL EXAMINATION

A major component in the comprehensive evaluation of the allergic patient is the
physical examination. In many patients in whom allergic symptoms are intermittent, the
physical examination may be entirely normal when the patient is first evaluated. This
should not steer the physician away from the possibility of allergy. In children, it is im-
portant to document growth, since growth is delayed in the severely asthmatic child.
Also, children on chronic oral corticosteroids may have growth suppression. Increased
heart and respiratory rate and pulsus paradoxus may be seen during an acute asthma
episode. Pulsus paradoxus is a >10 mmHg difference in systolic blood pressure during
inspiration and expiration.

Eye examination should concentrate on the conjunctiva. In allergic conjunctivitis,
there is periorbital edema, conjunctival injection, chemosis, and excessive tearing with
a white ropy discharge. “Allergic shiners,” dark swelling under the eyes, are seen in
many patients with allergic rhinitis (Fig. 2). A groove under the lower eyelid, “Dennie’s
line,” is observed in many patients with allergic disorders. Examination of the tarsal
conjunctiva may reveal ‘“‘cobblestoning,” seen in patients with vernal conjunctivitis,
atopic keratoconjunctivitis, and giant cell conjunctivitis. Patients with chronic atopic
dermatitis for several years may develop cataracts.

Otitis media with effusion is commonly present in children with allergic rhinitis.
Pneumatic otoscopic examination of the ear should be performed to evaluate the middle
ear for the presence of fluid or infection.

One of the major organs involved in allergic disease is the nose. Many patients with
allergic rhinitis continually rub their noses. This can lead to the development of a “nasal
crease,” a transverse groove across the bridge of the nose (Fig. 3). Examination of the
nose can be performed with an otoscope or a head mirror with a nasal speculum. Look-
ing at the nasal septum will determine if it is deviated. If a nasal septal perforation is ob-
served, it is important to consider cocaine abuse. The inferior turbinates are usually easy
to evaluate. In many patients with allergic rhinitis, the turbinates are usually pale blue in
color, swollen, and show serous drainage. In vasomotor rhinitis and viral rhinitis, the
turbinates are usually inflamed with mucoid drainage. It is important to check for nasal
polyps, grayish white grape-like growths, which may be seen in patients with allergic
rhinitis, aspirin sensitivity, and cystic fibrosis.

The frontal and maxillary sinuses may be palpated to determine tenderness, which
can occur with acute sinusitis. Transillumination of the sinuses may be helpful in evalu-
ating sinus disease in adults, but is usually not accurate in children. On nasal examina-
tion, purulent drainage from the sinus ostia indicates infection in the sinuses. Examina-
tion of the throat should check for chronic postnasal drip and associated posterior
pharnygeal cobblestoning.

Chest examination starts with observation of the configuration of the chest. In pa-
tients with asthma, there may be an increased anterioposterior diameter owing to air
trapping. During the acute asthma episode, there is an increased respiratory rate with
use of accessory muscles, such as the intercostals and the sternocleidomastoids. Percus-
sion of the chest of the asthmatic may elicit a hyperresonant sound resulting from hy-
perinflation. On auscultation of the chest, the asthmatic commonly has a prolonged ex-
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The physical examination may be entirely normal at the time of the examination,
since allergy symptoms and signs are often evanescent. The examination should em-
phasize the organs involved with allergy symptoms.

Fig. 2. Allergic shiners in a child with allergic rhinitis. Reprinted by permission of the American Col-
lege of Allergy, Asthma, and Immunology in Stigmata of Respiratory Tract Allergies, The Upjohn
Company, Meyer B. Marks, ed., copyright 1991 from page 14, Fig. 13.

piratory phase with diffuse inspiratory and expiratory wheezing and rhonchi. In a severe
asthma exacerbation with widespread bronchial obstruction and mucous plugging, a
“silent chest” without wheezing may be present. Many asthmatic patients who are
symptom-free may have a normal chest examination, whereas others even when “feel-
ing normal” may have wheezing, especially on forced expiration.

Another organ system commonly involved in allergic disorders is the skin. Atopic
dermatitis occurs in about 10% of the population. The physical findings in atopic der-
matitis depend on the age of the patient and the stage of the disease. In infants, the pru-
ritic lesions are usually erythemic and oozing, and located on the cheeks and the exten-
sor surfaces of the arms and the legs. Over time, the lesions develop a more macular
papular character with vesicles. In the older child and adult, the lesions become increas-
ing crusted and thickened with the typical locations being the neck, ankle, and the ante-
cubital and popliteal fossae. Urticaria, or hives, are pruritic raised erythemic lesions
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Fig. 3. Transverse nasal crease in a child with allergic rhinitis. Reprinted by permission of the Amer-
ican College of Allergy, Asthma, and Immunology in Stigmata of Respiratory Tract Allergies, The
Upjohn Company, Meyer B. Marks, ed., copyright 1991, from page 13, Fig. 10.

The most important ancillary test to confirm the diagnosis of allergy is the skin
test, which is the “gold standard” in this regard. The skin test results must be inter-
preted in light of the history to determine the importance of a positive test.

with a pale center that occur in about 10% of the population at some point in their lives.
Many of these patients have associated dermatographism, which is a wheal and flare re-
action that occurs on scratching the skin.

LABORATORY STUDIES

Laboratory tests are commonly used in evaluating patients for allergic disorders.
Complete blood counts may show an eosinophilia (>7%) in patients with asthma and
other allergic conditions. Otherwise, no other blood abnormalities are commonly seen.
Nasal smears for eosinophils may be helpful in the assessment of the patient with nasal
problems. In patients with allergic rhinitis, there are commonly >10 eosinophils/high-
power field. The absence of eosinophils does not rule out allergic rhinitis, and a positive
eosinophil smear can be seen in patients with nonallergic rhinitis with eosinophils
(NARES Syndrome). Urinalysis, sedimentation rate, and blood chemistries are usually
normal in patients with allergies. Examination of the stool for ova and parasites may be
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helpful in patients with eosinophilia and elevated IgE and no evidence of allergic dis-
ease, or in patients with unexplained chronic urticaria and angioedema. Chest
roentgenograms are mandatory in all patients having an initial workup for asthma, and
sinus roentgenograms are frequently needed in many patients with symptoms of
chronic nasal and sinus disease to document sinusitis.

SKIN TESTING

IgE is the primary antibody in allergic reactions. Many of the tests used in diagnosing
allergic disease center on detection of this antibody. The gold standard in determining
specific allergens to which the patient may have clinical sensitivity is allergen skin test-
ing. In patients with a sensitivity to a particular allergen, there are IgE antibodies to this
allergen on the mast cells in the skin. When the allergen is introduced into the skin, it
will bind to the IgE antibodies, triggering the release of chemical mediators from the
mast cells. These chemical mediators, such as histamine, lead to a characteristic wheal
and flare reaction. These reactions usually develop over 10-15 mins. It is important to
note that a positive allergy skin test does not mean that the allergen is causing the patient
clinical symptoms. Therefore, one must correlate the allergy skin test results with the
clinical history in order to determine if the allergens are truly relevant to the patient’s
condition.

Allergen skin tests are commonly used to detect allergy to inhalants, foods, certain
medications (i.e., penicillin), and hymenoptera venoms. Figure 4 illustrates the allergy
skin test sheet used at the University of Tennessee.

IN VITRO TESTS

Techniques are available to measure both total and specific serum IgE levels in pa-
tients. Total serum IgE levels are performed by either radio- or enzyme immunoas-
says. IgE is measured in international units (1 IU = 2.4 ng IgE). Serum IgE levels are
age-specific, with umbilical cord levels at <0.5 IU, which increase to 200 IU around
puberty, but then slowly decrease in adults to around 150 IU. Unfortunately, total
serum IgE levels are not a reliable indicator of allergic disease. Some patients with
high levels are not atopic and vice versa. Measuring total serum IgE levels may be
helpful in infants. Umbilical cord levels of >1.0 IU are a good predictor of whether
the child will develop allergic disease. Another indication for measuring total serum
IgE levels is the suspicion of allergic bronchopulmonary aspergillosis. With treat-
ment of this condition, IgE levels fall, whereas exacerbations lead to higher serum
IgE levels.

The major in vitro test for measuring specific IgE to an allergen is the RAST, or ra-
dioallergosorbent test. There are several modifications of this procedure, but in gen-
eral, it is a two-step approach in which allergen is bound to a paper disk and incubated
with the patient’s serum. If IgE antibody to the particular allergen is present, it will
bind to the allergen—disk complex. Next, the IgE-allergen—disk complex is washed
and incubated with a radio-tagged or enzyme-linked anti-IgE and assayed for levels
of specific IgE. The main advantages to this test over allergen skin testing are that
there is no risk of systemic reaction or interference of results from medications. It can
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Allergy Skin
Test Record

PR (Prick test)

ID (Intradermal test)

GROUP
ALLERGEN PR | ID ALLERGEN PR | ID ALLERGEN PR
ENVIRONMENTALS MOLD SPORES FOODS
Cat Dander Alternaria Wheat
Cockroach Aspergillus Egg
Dog Dander Curvularia Milk
Dust Mite (D.farinae) Fusarium Peanut
Dust Mite (D. ptero) Helminthosporium Chocolate
Cladosporium Soybean
TREE POLLENS Penicillium Com
Maple Phoma Chicken
Cottonwood Stemphyllium Pork
Elm Beef
Birch Shrimp
Oak CONTROLS Oyster
Pecan Histamine Cod fish
Sycamore Control Tomato
Willow Orange
Ash Catfish
Potato
GRASS POLLENS Yeast
Bahia Oat
Bermuda Pecan
Johnson Apple
June/Kentucky String Bean
Rye Onion
Timothy Rice
WEED POLLENS
English Plantain
Kochia
Pigweed
Giant Ragweed
Short Ragweed

Fig. 4. Allergy skin test record.

also be used in patients with severe skin disease or dermatographism. The disadvan-
tages over skin testing are variations in the quality of the test, interference with high
total serum IgE levels, much higher cost, and results of the test not being immediately

available.
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INTRODUCTION

Many physicians have the mistaken impression that allergic disease is diagnosed by
allergy testing. The diagnosis of allergic disease is primarily dependent on the patient’s
history of signs and symptoms typical of allergic disease during or shortly after allergen
exposure. A common clinical example is a patient who states that every time he or she
visits a home with a pet cat, he or she develops red, itchy eyes and sneezing. The ocular
and nasal symptoms are typical of allergic disease, and the onset of symptoms when in
homes with pet cats suggests that the symptoms are related to exposure to cat allergen.
Two additional factors to consider when evaluating a history are the number of times
the patient has noted the association between allergen exposure and symptoms, and
whether similar symptoms occur at other times. If the symptoms are exclusively related
to cat exposure and have occurred on multiple occasions, the diagnosis is relatively cer-
tain. The final step in confirming a diagnosis of cat allergy would be demonstration that
the patient has detectable cat-specific IgE antibodies.

To clarify further the role of allergy tests in the diagnosis of allergic disease, it is use-
ful to define a “gold standard” for diagnosis (see Table 1). To be certain that a patient
has an allergic disease, it would be necessary to demonstrate that exposure to the puta-
tive allergen, under double-blind, placebo-controlled conditions, produces signs and
symptoms of the disease process in question. It would also be necessary to demonstrate
that the signs and symptoms are the result of chemical mediators released from mast
cells and basophils via IgE binding to the allergen. This stringent definition of allergic
disease is rarely met, even in research studies, because performing allergen challenge is
very difficult.

From: Allergic Diseases: Diagnosis and Treatment
Edited by P. Lieberman and J. Anderson Humana Press Inc., Totowa, NJ
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Table 1
Criteria for Diagnosis of Allergic Disease

1. Absolute criteria for diagnosis of allergic disease (the Gold Standard)
Reproducible symptoms occurring during double-blind, placebo-controlled, allergen
exposure when the route, dose, and duration of allergen exposure are consistent with
estimated or measured natural or occupational exposure, and
The observed symptoms must be the direct result of the release of chemical mediators
when the release of the mediators is triggered by the binding of IgE antibodies to the
allergen

2. Clinical criteria for diagnosis of allergic disease
A history of signs and symptoms typical of allergic disease at a time and place when
allergen exposure is probably occurring, and
The demonstration that the patient has IgE antibodies specific for the allergen
associated with the occurrence of symptoms

Because of the difficulty in trying to satisfy the criteria of the gold standard, clinical
criteria are usually accepted for diagnosis of allergic disease. Clinical criteria vary to
some degree depending on the clinical situation and the relative risks and benefits to the
patient, but usually include a history of recurrent symptoms of allergic disease when al-
lergen exposure is occurring and the demonstration of allergen-specific IgE antibodies
(Table 1). Thus, allergy tests are only adjuncts to the clinical diagnosis of allergic dis-
ease. There is a great temptation to equate the presence of detectable allergen-specific
IgE antibodies with the diagnosis of allergic disease, but many individuals with anti-
bodies are asymptomatic. In fact, some studies of large, relatively unselected popula-
tions have shown that over 90% of persons with IgE antibodies to stinging insect venom
have no history of allergic reactions from insect stings. It is very important to under-
stand that tests for allergen-specific IgE antibody, whether skin tests or in vitro tests,
have little clinical value unless they can be interpreted in association with the patient’s
clinical history.

SKIN TESTING FOR DETECTION OF ALLERGEN-SPECIFIC IGE

Physiology of Skin Tests

Skin tests are performed by introducing a small quantity of allergen into the epider-
mis by pricking, puncturing, or scratching the skin or by intradermal injection. The im-
mediate wheal and flare response resulting from a skin test is the result of a complex se-
ries of interactions. After the allergen has been introduced into the skin, the allergen
diffuses through the skin and interacts with IgE antibody bound to mast cells. Binding
of the allergen to IgE antibodies bound to mast cells initiates the release of preformed
(histamine, tryptase, chymase, heparin) and newly synthesized (prostaglandins,
leukotrienes, cytokines) mediators.

The central wheal of the skin response is the result of histamine-induced vasoperme-
ability and secondary edema. The central erythema results from histamine-induced arte-
riolar vasodilation, and the circumferential erythema results from the stimulation of
nerve receptors and a resulting axon reflex vasodilation. The wheal and flare responses
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are typically maximal at 15 min after introduction of the allergen. Most of the visible
skin response to an allergen can be blocked by an H; receptor antagonist (antihista-
mine), but complete inhibition requires both H; and H, antagonists.

Following the immediate skin response, and depending on the dose of allergen and
the sensitivity of the patient, there may be a late-phase reaction (LPR). LPRs usually
begin 3-5 h, peak at 6-12 h, and resolve approximate 24 h after the immediate re-
sponse. Clinically, LPRs are characterized by pruritus and edema often larger than the
immediate reaction. Pathologically, LPRs are characterized by infiltration of inflamma-
tory cells, including neutrophils, monocytes, and esosinophils. Fibrin deposition also
occurs. LPRs may complicate immediate skin testing and may be the mechanism re-
sponsible for large local reactions following administration of allergen immunotherapy
injections.

Evaluation of Patient Prior to Skin Testing

Before skin testing, a patient must be evaluated by an experienced physician. Beyond
establishing the likelihood of allergic disease, a patient’s history and physical examina-
tion should alert the physician to any unusual risks of skin testing. Skin testing is gener-
ally safe, but skin tests always carry a risk of inducing a systemic allergic reaction (ana-
phylaxis), which could be life-threatening. Anything that might increase the risk of skin
testing for a patient must be evaluated before skin testing. Emergency equipment to
treat anaphylaxis must always be immediately available when patients are skin tested.
Since epinephrine is the drug of choice for treatment of major allergic reactions, drugs
altering the response to epinephrine, such as 3-blocking agents, should be discontinued
prior to skin testing. Pregnancy is a relative contraindication to skin testing, because the
fetus in utero may be highly vulnerable to hypoxia during a systemic reaction in the
mother. Patients with chronic medical problems, such as severe lung disease or unstable
angina, should not normally be skin tested. Finally, patients with current, severe allergic
symptoms, especially unstable asthma, should not be skin tested until after their symp-
toms have been stabilized because of a greater risk of systemic reactions.

In addition to general medical concerns, the physician supervising skin tests must be
sure that the patient has an area of normal skin suitable for skin testing. Patients must
not be taking antihistamines or drugs with antihistamine actions, such as tricyclic anti-
depressants, because these agents can attenuate skin test responses. Patients with severe
skin disease or with marked dermatographism cannot be reliably tested. Both the very
young and the very old have less reactive skin, and criteria for grading skin test reac-
tions need to be adjusted in these individuals. Following viral exanthems or sunburns,
the skin may not be normally reactive for several weeks, and skin testing should be

postponed.

Epicutaneous Skin Tests

Percutaneous or epicutaneous tests may be performed using a variety of methods, but
the most common methods are the prick and puncture techniques. The prick test is per-
formed on previously cleansed skin by passing a small needle (e.g., 25- or 26-gage)
through a drop of allergen extract at approximately a 45° angle to the surface of the skin.
The needle is lightly pressed into the epidermis, and the tip of the needle is then lifted up
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Allergen Skin Testing Precautions

+ The individual to be tested must be off usual conventional antihistamines for 24 h,
Loratadine, and Hydroxyzine for 5 d, and astemizole for 6-12 wks.?

* Tricyclic antidepressant drugs often have profound “antihistamine effects” and
usually preclude allergy skin testing.*

« Use of B-blocker drugs (e.g., for hypertension or migraine headache) increases the
risk of a serious reaction if a reaction to an allergy skin test occurs.*

« Allergy skin testing should not be performed when the patient is acutely ill, includ-
ing an acute asthma attack or with generalized skin rash.*

¢ Alternative in vitro IgE allergen-specific skin testing should be considered.

producing a pricking sensation. The skin pricks should not be deep enough to produce
visible bleeding.

Another epicutaneous method is the puncture technique. A drop of allergen extract is
placed on cleansed skin. A puncture device is then pushed into the skin though the drop
of extract. Commonly used puncture devices are constructed to allow a small point to
penetrate 1-1.5 mm into the skin. Further penetration is prevented by the instrument’s
shape. The bifurcated needle, originally designed for smallpox vaccination, can also be
used for puncture testing. The bifurcated needle is pressed firmly against the skin,
through a drop of extract, and the needle is rocked back and forth or side to side.

A single needle or puncture device can be used for multiple prick skin tests on the
same patient, if all residual extract is cleaned from the needle between each drop of ex-
tract. Adequate cleaning can usually be accomplished by wiping the needle with an al-
cohol-soaked pledget or by briefly swirling the device in a container of alcohol. After
completing the tests on a patient, the device should be disposed of properly. Tests can be
applied to any area of normal skin, but the most commonly used sites are the back, volar
forearms, and the top of the thighs. Each test should be placed a minimum of 4 cm or
more from other tests, and care should be taken to avoid smearing or mixing of the ex-
tracts. Tests placed too close together may run into each other and lead to false-positive
reactions.

Intradermal Tests

Intradermal tests are more sensitivite than prick or puncture tests, but they are more
difficult to perform properly. Intradermal tests are typically performed with 25-, 26-, or
27-gage needles. Some manufacturers provide needles with a special intradermal
bevels, which help limit the depth of needle penetration. After drawing the allergen ex-
tract into the syringe, the tip of the needle is inserted into the superficial dermis, and ap-
prox 0.02 mL of extract is injected. If the injection is performed properly, a distinct bleb,
2-3 mm in diameter, will be present. Extracts used for intradermal testing are normally
diluted 100-1000-fold more than extracts used for epicutaneous tests. As with
prick-puncture tests, intradermal tests should be placed at least 4-6 cm apart to prevent
interference.

The most common errors with intradermal tests are injecting too deeply, injecting too
large a volume, and inducing excess bleeding. If extract is injected too deeply, little or
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Type of Allergen Skin Testing in Different Conditions

Type of skin test

Condition Ea IDb
Allergic rhinitis and asthma X X
Food allergy X Not done
Penicillin allergy X X
Insect venom allergy Not done X (serial)
Latex allergy Not validated (use in vitro test)

9Epicutaneous: prick, scratch, puncture.
bIntradermal.

no reaction will be visible on the surface of the skin. Injecting too large a volume may
lead to false-positive reactions because of irritation, and a large volume increases the
risk of a systemic reaction. Bleeding at the injection site may also cause false-positive
reactions. Because of the risks, technical difficulties, and problems of interpretation, in-
tradermal testing is normally best left to an allergy and immunology specialist.

Positive and Negative Controls for Skin Testing

Because of the many variables present when performing skin testing, positive and
negative controls must be included to allow accurate interpretation of test results, re-
gardless of whether the prick, puncture, or intradermal techniques are used. The nega-
tive control is either normal saline or the same buffer that has been used to dilute the al-
lergen extracts. The negative control must be applied in the same fashion as all of the
other tests.

Positive controls for skin testing are usually either histamine or a mast cell secreta-
gog, such as codeine. For epicutaneous tests, histamine is usually used at a concentra-
tion of 1 mg/mL, although some have recommended using a concentration of 10
mg/mL, because a portion of normal individuals do not respond to the 1 mg/mL con-
centration. For intradermal testing, histamine is most often used at a concentration of
0.01 mg/mL.

Recording and Scoring Skin Test Results

Skin test reactions to allergens are normally evaluated at 15 min after the tests are
placed, when the reactions are maximal. Despite many years of use and many investiga-
tions, there is still little consensus concerning the scoring and recording of skin test re-
sults. The most commonly used system grades both epicutaneous and intradermal tests
on a five-point scale, where 0 is a negative test and increasing degrees of reaction are
graded from 1+ to 4+, based on the size of both the wheal and flare reactions. In terms of
patient management, the actual size or grade of the skin test reaction is less important
than the physician’s criteria for determining whether the test is positive or negative.
Most allergists consider an epicutaneous test positive when the wheal of the testis 2 or 3
mm larger than the wheal produced by the negative control and the wheal is surrounded
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by erythema. Similarly, a positive intradermal test should have a wheal at least 5 mm
larger than that of the negative control with surrounding flare of 20 mm or more.

Quality Control of Skin Testing

As with all diagnostic tests, persons supervising and performing skin tests should ob-
serve certain standards and quality controls. Quality control of skin testing should in-
clude making sure that the person performing the tests is knowledgeable, the inter- and
intraoperator reproducibility is acceptable, the procedures are consistent, the extract
quality is maintained, and the results are consistently recorded. The person performing
the tests must know how to apply the tests and factors that may affect the results of the
tests, such as interfering drugs and skin abnormalities. Allergen extracts used for testing
must be properly stored and discarded when they expire.

Value of Epicutaneous vs Intradermal Skin Tests

Prick tests are adequate from most diagnostic work in allergy, but in some circum-
stances, the higher sensitivity of intradermal tests is required. This is especially true
when dealing with those allergens associated with a high risk of death if the sensitivity
is missed, such as with penicillin or hymenoptera allergy. The increased sensitivity of
intradermal tests comes at the expense of an increased risk of inducing anaphylaxis, and
they are therefore best left to the allergy and immunology specialist.

MEASUREMENT OF ALLERGEN-SPECIFIC IGE

Basic Methodologies

Most available assays for allergen-specific IgE antibodies utilize the principle of im-
munoabsorption illustrated in Fig. 1. The allergen of interest is first bound to a solid
phase support, such as a paper disk or a plastic microtiter well. The patient’s serum is
then incubated with the solid phase. If the patient has antibodies specific for the aller-
gen, the antibodies will become bound to the allergen, and the remaining serum pro-
teins, including unbound antibodies, can be washed away from the solid phase (this is
immunoabsorption and separation). After washing, a labeled antihuman IgE antibody is
incubated with the solid phase to allow binding of the anti-IgE to any IgE bound to the
solid phase. After washing away unbound anti-IgE, the quantity of anti-IgE bound to
the solid phase is measured and converted either to units of specific IgE or to a class
score. The initial test for IgE antibodies used radiolabeled anti-IgE antibodies and was
called the radioallergosorbent zest or RAST. In recent years, other methodologies have
become more widely available, leading to a variety of other test eponyms, but all cur-
rent commercially available assays are based on the immunoabsorption principle.
These assays are capable of detecting specific IgE at concentrations of nanograms per
milliliter of serum.

Reporting Results of In Vitro Tests

Currently, there is no universally agreed on standard for reporting the results of tests
for allergen-specific IgE antibodies. The most commonly used method is class scores,
usually ranging from 0 to 4-6. Class 0 indicated undetectable IgE, whereas classes 14
or 6 represent increasing quantities of IgE. Some laboratories also report a class 0/1 or
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Fig. 1. Schematic presentation of an immunosorbent assay for allergen-specific IgE antibody. (A) Al-
lergen represented by small circles and squares has been bound to solid phase. (B) Serum that may
contain IgE antibodies specific for the allergen is incubated with the solid phase. Specific antibodies
bind to the allergen, and nonbound antibodies are removed by washing. (C) Labeled antihuman IgE
antibody is incubated with the solid phase, and the anti-IgE antibody binds to the immobilized IgE.
Nonbound anti-IgE is washed away. (D) The amount of anti-IgE antibody on the solid phase is pro-
portional to the concentration of allergen-specific IgE in the serum tested.

indeterminate class. Although some physicians would like to interpret this indetermi-
nate class as a very weak positive, the correct interpretation is that samples in this class
have an equal probability of being positive or negative, and should therefore not be con-
sidered positive.

To increase the sensitivity of in vitro assays, scoring systems have been modified.
The most widely used modified system is known as “modified RAST” scoring. The
modified scoring system produces an apparent increase in the sensitivity of the test at
the expense of specificity, since only the scoring system and not the actual detection
limit of the assay has been changed. Other laboratories score assay results by calculat-
ing the ratio of the test serum to the results of sera from known, nonallergic individuals
tested in the same assay. Ratios of three or more are usually considered positive.

When interpreting the results of in vitro assays, it is important to remember that the
sensitivity and specificity of an in vitro test can vary markedly from one allergen to an-
other. Although in vitro assays typically have sensitivities of 70-80% when compared
to skin tests, sensitivities of <50% are found with some allergens.

Advantages and Disadvantages of In Vitro and In Vivo Tests

Depending on the clinical situation, either skin tests or in vitro tests may be used to
evaluate a patient for allergen-specific IgE. As listed in Table 2, there are certain advan-
tages of each testing method. The most important advantage of skin testing is the high
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Table 2
Comparative Advantages of Skin Tests
and In Vitro Tests in Allergy Diagnosis

Advantages of skin tests Advantages of in vitro tests
Highest sensitivity No risk of anaphylaxis

Results available in minutes Medications do not affect results
Greater selection of allergens for testing Not dependent on skin condition

Less personnel and reagent expense per test ~ Better documentation of quality control
Minimal equipment is required May be more convenient for patients

Patient can see and feel the results of the test Perceived as being more scientific

degree of sensitivity. When an intradermal skin test is properly performed, the risk of
failing to detect allergic sensitization is extremely low. This degree of sensitivity is very
important when the risk of failing to detect specific IgE may lead to the patient’s death,
as when testing for penicillin allergy.

The most important advantage of in vitro tests is their safety. If an individual has had
a life-threatening reaction to an allergen, especially an allergen where there is little prior
experience with skin testing or no standardized skin test extract, an in vitro test offers
the possibility of detecting specific IgE without subjecting the patient to the risk of an
allergic reaction from skin testing. The patient should understand that if the in vitro test
is positive and consistent with the patient’s history, the diagnosis is relatively assured,
but a negative in vitro test does not exclude the possibility of sensitivity. In the face of a
suggestive history and a negative in vitro test, the patient should still be skin tested be-
fore a final clinical judgment is made.

In routine allergy practice, skin testing has been found to be more cost-effective
than in vitro testing. The cost-effectiveness is more pronounced as multiple allergens
are tested. There are also the advantages of the patient being able to see the immediate
allergic reaction on his or her own skin and the immediate availability of results. In
comparison, in vitro tests offer the ability to test patients whose skin is not normally
reactive either because of skin disease or because of interfering drugs. It may also be
more convenient for both the patient and the physician to send blood samples to refer-
ence laboratories for testing, rather than for the patient to travel to another location for
the testing.

TOTAL SERUM IGE

Test Methods

Although a variety of assays have been used to measure the small concentrations of
IgE normally present in human serum, the most frequently used method is a two site im-
munometric assay. The first antihuman IgE antibody is attached to a solid phase, such as
a paper disk or plastic well in a microtiter plate. The solid phase is first incubated with
an appropriate dilution of the serum to be tested. IgE in the serum becomes bound to the
solid-phase anti-IgE in proportion to the concentration of IgE in the serum sample.
After the nonbound proteins are washed away, the quantity of IgE bound to the solid
phase is determined by reacting the solid phase with a second, soluble, labeled anti-IgE
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Table 3
Total Serum IgE Levels in Skin Test-Negative Children and Adults

Age, yr N Sex Geometric mean Mean + 2 SD

6-14 69 M 40.9 2.0-824.1

71 F 40.7 3.4-4529

15-34 213 M 233 0.9-635.3

201 F 16.5 0.8-349.1

35-54 145 M 20.4 0.9-443.6

154 F 14.6 0.7-286.4

55-74 224 M 19.8 0.8-484.2

348 F 10.7 0.6-198.6

75+ 61 M 17.8 0.8-387.3

83 F 8.9 0.4-208.9

From Klink M, Cline MG, Halonen M, Burrows B. J Allergy Clin Immunol 1990; 85:440.

antibody. Following another wash to remove the unbound, labeled anti-IgE, the quan-
tity of labeled IgE is measured and converted into units of IgE by comparison to a stan-
dard curve. A variety of commercial assays are available, and most are accurate to a
concentration of <5 IU/mL (12 ng/mL) of IgE.

Serum concentrations of IgE vary widely in normal individuals (Table 3). IgE levels
are very low at birth and gradually rise, peaking in the second decade of life, followed
by a slow decline into old age. Although the geometric mean values are relatively low,
there is a very large 95% confidence interval at all ages (Table 3). Most laboratories re-
port IgE concentrations as international units (IU) or nanograms per millilit: 1 IU =2.4
ng of IgE. The new Systéme International (SI) specifies that IgE be reported as micro-
grams per liter (g/L) with two significant digits (XX x 10).

Relationship of Total IgE to Allergic Disease

Most studies have shown that total serum IgE concentrations tend to be higher in al-
lergic adults and children compared to nonallergic individuals of similar ages. Unfortu-
nately, there is a relatively large overlap between serum IgE concentrations in allergic
and nonallergic individuals, and this overlap limits the diagnostic value of total IgE
measurements. When a high value of IgE is chosen to distinguish allergic from non al-
lergic individuals, the specificity of the test is often over 90% but the sensitivity is low
at 30-50%. Lowering the threshold level increases the sensitivity, but lowers the speci-
ficity. For adults, the optimal IgE concentration for distinguishing allergic from non al-
lergic individuals varies from 50 to 100 IU/mL, whereas in children the best threshold
level varies with age.

Even though measurements of total serum IgE concentrations are not generally use-
ful for diagnosis of allergic disease, total serum IgE measurements are valuable in the
diagnosis and management of allergic bronchopulmonary aspergillosis (ABPA). Pa-
tients with ABPA typically have serum IgE levels of >500 IU/mL. With adequate gluco-
corticoid therapy, total serum IgE levels tend to fall. A sudden increase in serum IgE
may herald a disease exacerbation and allow time to alter therapy before symptoms in-
crease or more lung damage occurs.
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There are other conditions in which total serum levels of IgE may be abnormal.
Among the more common nonallergic causes of elevated serum IgE are metazoan para-
sitic infections, smoking, and AIDS. IgE is grossly elevated in the rare cases of IgE
myelomas, which have been reported, but the levels of IgE may still be too low to be de-
tected as a monoclonal spike on serum protein electrophoresis. IgE measurements are
important in the evaluation of myelomas, because IgE myelomas may be mistaken for
light-chain disease. The distinction between light-chain disease and IgE myeloma is im-
portant, because the clinical courses and responses to treatment differ.

THE FUTURE OF ALLERGY TESTING

Currently, most allergy testing concentrates on IgE measurements, but some assays
for the direct measurement of mediators are available and more are likely to become
clinically relevant. Histamine can be measured during or after allergic reactions, but be-
cause it is difficult to collect proper specimens, histamine measurements are usually
limited to research studies. Eosinophil cationic protein (ECP) can be measured in spu-
tum or serum, and correlates with the activation of eosinophils. ECP may be useful for
monitoring anti-inflammatory asthma therapy. Mast cell tryptase is elevated following
massive release of mast cell mediators, such as during anaphylactic reactions. Tryptase
levels usually peak 45-60 min after the onset of anaphylaxis and may remain elevated
for several hours. Elevated tryptase measurements help document that a reaction re-
sulted from mast cell mediator release. This distinction can be very important in some
legal proceedings. For as yet unknown reasons, tryptase does not appear to be elevated
during fatal or near-fatal anaphylactic reactions from foods. In the future, assays for
histamine-releasing factor and other mediators may make the diagnosis of allergic dis-
ease easier and more precise.
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INTRODUCTION

Allergens are small-mol-wt proteins capable of inducing IgE antibody and trigger-
ing an allergic response. In our outdoor and indoor milieu, these allergenic proteins
(along with a larger number of nonallergenic proteins) are carried on vectors, such as
pollen grains or house dust particles, which may become airborne. Contact with these
environmental allergens causes not only the immunologic sensitization required for
the development of atopic disease, but also the provocation of acute symptoms and the
maintenance of chronic symptoms. Although there are many allergenic proteins on a
variety of vectors in the environment, an understanding of a few classes of the major
outdoor allergens that cause seasonal symptoms and indoor allergens responsible for
perennial symptoms furnishes the physician with practical tools for the care of allergic
individuals.

OUTDOOR ALLERGENS

Outdoor allergens are carried most often on plant pollens and mold spores. In order
for these particles to be clinically relevant as vectors for allergens, they must reach a
high airborne concentration. The level of exposure to these particles is determined by
the vicinity of the flora to the patient, the density of production of the pollen or spores
by its source, the seasonal and diurnal timing of pollen or spore release, weather condi-
tions, and the aerodynamic characteristics of the vector carrying the allergenic proteins.
Flora that are present in great numbers and produce large pollen or spore burdens tend

From: Allergic Diseases: Diagnosis and Treatment
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Environmental Allergen Exposure

Intermittently, outdoors Continuously, in the house

* Seasonal plant pollens * House dust mites

* Mold spores » Cats, dogs, birds, small animals
* Mold spores

* Cockroach

to be the most significant allergenically. Exposure to pollens and mold spores occurs in
seasonal patterns that will be detailed in the appropriate sections below.

Airborne concentrations of these particles depend on weather conditions. Pollination
and mold sporulation require warmth, and are highest at midday and on warm days.
Particle concentration increases with increasing wind speed, but in gusty winds these
particles may be swept into the upper atmosphere, reducing ground exposure. In the
cool, calm evening hours, these particles may resettle toward the ground, increasing ex-
posure. Surprisingly, the brisk rainfall caused by thunderstorms does not reduce the air-
borne pollen and spore levels, whereas long periods of rainfall can act to scour these
particles and reduce exposure.

The level of exposure to these particles is also dependent on their aerodynamic char-
acteristics. Smaller particles remain airborne for longer periods, increasing exposure
levels. Larger particles will settle more quickly, except in high winds. Particle size also
determines the manner in which allergen exposure occurs. Particles that are larger than
about 10 um in diameter are deposited largely in the nose and are unlikely to penetrate
to the lung. Despite the fact that most mold and pollen spores are 2060 um in diameter
and impact mostly the eyes and nasal mucosa, patients complain of increased asthma
symptoms during the pollen seasons. These particles might induce wheezing through
reflexes elicited by nasopharyngeal stimulation, hematogenous spread after the
allergenic protein is eluted from vectors at mucosal surfaces, or inhalation of pollen
fragments.

Pollen

About 60 families of higher plants in North America are implicated in pollinosis.
Pollen contains the male genetic material released from mature anthers. The pollen wall
is composed of three layers: an outer exine (composed of external sexine and internal
nexine) and an inner intine. The sexine has many micropores, but also larger pores or
furrows through which the pollen tube emerges during successful pollination. Aller-
genic proteins stored in the sexine or intine dissolve through these pores onto mucosal
surfaces, allowing hypersensitivity reactions. Many of these proteins have been purified
and studied in detail. The major allergens are named with the first three letters of the
genus and then the first letter of the species name followed by a group designation, for
example Que a 1 (Quercus alba—white oak), Amb a 1 (Ambrosia artemisiifolia—rag-
weed), and Lol p 1 (Lolium perenne—ryegrass).

The pollen of some plants is dispersed by wind, but other plants disseminate pollen
by insect or animal vectors. Wind-dispersed (anemophilous) pollens achieve high air-
borne concentrations and are primarily responsible for clinical allergy. These
anemophilous plants tend to have small, nonaromatic flowers, little or no nectar, and
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Plant Pollens

« The type of pollens responsible for seasonal allergies tend to be small, light, and
windblown. They are dispersed in large numbers from plants that have small,
nondiscrete flowers.

« The specific “pollinating seasons” for different tree, grass, or weed plant species
vary within different areas of the country.

« Airborne concentration of pollens depends on the weather. Levels tend to be high-
est at midday during warm, slightly windy conditions.

produce large numbers of pollen grains that have aerodynamic properties to improve
buoyancy. The majority of flowering plants, however, rely on animal or insect vectors
for pollination (entomophilous) and these species—with their large, aromatic, colorful
flowers—are not clinically relevant because their pollens are not airborne.

The published pollen counts can be a very helpful guide for understanding what is
“in season.” Pollens are collected in a standardized fashion using machines that trap the
pollen either actively with rotating arms coated with adhesive substances or by passive
wind and gravitational force. The pollen grains from various species have distinct mor-
phologies and, after collection, can be identified under the light microscope. However,
the interpretation of these counts and their relevance to the individual patient must be
considered. For example, daily variation may be extreme, making interpretation for
daily symptom predictions difficult. In addition, symptom intensity depends on many
factors, so reporting of a doubling in pollen count, for example, may not be clinically
relevant to an individual whose threshold level of allergen that causes symptoms has not
been reached. In any event, knowing the patient’s particular sensitivities, the yearly tim-
ing of his or her symptoms, the seasonal timing of pollination, and the characteristics of
local fauna will help to guide patient care.

POLLEN SEASONS

In temperate regions, pollen seasons are traditionally grouped as trees, grasses, and
weeds: Trees pollinate from late winter to late spring, grasses from late spring to mid-
summer, and weeds from midsummer to autumn. However, this delineation may vary
widely depending on the yearly weather pattern and geographic location. Figure 1
shows the timing of pollination of allergenically significant trees, grasses, and weeds by
region in North America.

TREE POLLEN

Tree pollination heralds the beginning of the allergy season in most climates in North
America and begins in late February through April, although the season may begin as
early as December or January in areas of Arkansas, south Florida, and Texas. In general,
the greatest variety and concentration of tree pollens occur in March through May with
the season ending in June. Some examples of species that pollinate earlier in the tree
season include red cedar and elm. Midseason pollinating species include poplar, birch,
ash, and willow, with late-season pollination by sycamore, oak, and mulberry. Table 1
shows five allergenically significant trees in each region of North America shown in the
sequence in which they bloom. Trees on this list were selected to illustrate both signifi-
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Fig. 1. Pollen seasons by region in the continental United States.

cant species and the breadth of pollens that contribute to the span of the tree season in
each area.

GRASS POLLEN

In most areas of North America, the grass pollen season overlaps and follows the
close of the tree pollen season. It extends from May through July, although there is
much variation. Prominent grasses in temperate regions include orchard, timothy, rye-
grass, and bluegrass. Each grass pollen contains distinct allergenic proteins, but there is
significant allergenic crossreactivity among the proteins, and patients are generally sen-
sitized to all of these pollens. Because of this crossallergenicity, differences in exposure
to specific temperate grass species are not clinically significant, as they are for tree or
weed pollens. In the southern states and subtropical regions, Bermuda, Bahia, and John-
son grasses play a larger role in pollinosis. The allergens in these southern grass pollens
are distinct. In some subtropical areas Bermuda grass and other species may produce
almost perennial pollination. Table 1 shows examples of allergenically significant
grasses by region in North America.

WEED POLLEN

Weed pollination typically occurs in the late summer through October in most re-
gions of North America. There are a tremendous variety of weeds, but ragweed species
(Ambrosia) are responsible for the greatest amount of seasonal symptoms in the fall.
Ragweed typically begins pollinating in mid-August and stops in October. All species
contain the major allergen Amb a 1, so sensitized individuals may experience symp-
toms “out of season” when visiting regions where different species pollinate perenni-
ally, such as Coastal ragweed, which is prevalent in winter months in southern Florida.
In addition to ragweed, other weeds are responsible for significant regional allergy, in-
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Table 1
Selected Trees and Weeds of Allergenic Significance®
Region Trees Grasses Weeds
Northeast Birch Orchard Sheep sorrel
(ME, NH, VT, NY, PA, Elm Timothy Plantain
NJ, MA, RI, CT) Maple June Russian thistle
Poplar Sweet vernal ~ Giant ragweed
Oak Bluegrass Short ragweed
Mid-Atlantic Birch Orchard Plantain
(DE, MC, DC, VA, NC, SC) Elm Timothy Dock
Maple Bluegrass Sage
Hickory June Short ragweed
Oak Bermuda Giant ragweed
North Central Ash Orchard Plantain
(OH, KY, WI, MI, 1A, WI, Elm Timothy Dock
northern MO, IL, IN, TN) Maple Bluegrass Russian thistle
Willow June Short ragweed
Box Elder Giant ragweed
Pacific Northwest Alder Timothy Dock
(WA, NV, OR, northern CA) Birch Bluegrass Plantain
Maple Fescue Russian thistle
Oak Rye Nettle
Walnut Redtop Sagebrush
Plains Elm Timothy Marsh-elder
(NE, MN, eastern MT, Dakotas) Oak Orchard Russian thistle
Box Elder  Bluegrass Western hemp
Willow Bermuda Short ragweed
Maple Redtop Giant ragweed
Rocky Mountains Cedar Timothy Sagebrush
(ID, WY, CO, UT, western MT) Elm Orchard Russian thistle
Ash Fescue Short ragweed
Birch Redtop Giant ragweed
Oak June
Southern Cedar Bermuda Dock
(FL, GA, AL, TX, AR, southern MO) Elm Orchard Pigweed
Mulberry  Timothy Russian thistle
Poplar Saltgrass Giant ragweed
Oak Short ragweed
Southwest Cedar Bermuda Sagebrush
(western TX, NM, AZ) Ash Johnson Russian thistle
Mulberry Saltbush
Oak Kochia
Olive Short ragweed
Southern California Ash Bermuda Nettle
Walnut Saltgrass Bur ragweed
Elm Brome Russian thistle
Oak Sage
Olive Western ragweed

49Plants are shown in the order of bloom for each region. Grasses are listed by prevalence in each region.
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cluding pigweed, amaranth, marsh elder, dock, sorrel, plantain, and Russian thistle,
among others. Allergenically significant weeds are listed by region in the order of
bloom within the weed pollen season in Table 1.

Fungi

Fungal spores (the term “molds” refers to fungi that lack macroscopic reproductive
structures, but may produce visible colonies) are responsible for both seasonal and
perennial allergic symptoms, and there are both indoor and outdoor varieties. Despite
being able to survive a variety of extremes in temperature and humidity, most fungal
forms grow best on a moist substrate. Outdoor varieties include Cladosporium, Al-
ternaria, Aspergillus, Penicillium, and Botrytis. Allergenic proteins are found in the
spores and in other fungal elements that may become airborne. Many of the allergenic
proteins produced by these fungi have been characterized at the molecular level, such as
Alta 1 (Alternaria alternata) and Cla h 2 (Cladosporium herbarium).

In general, temperate grasslands are a strong source of Alternaria, Cladosporium,
Helminthosporium-Drechslera, and Epicoccum species. Outdoor fungal particle levels
peak in the midsummer in most temperate regions, but large daily variations are super-
imposed on this trend. Typical midwestern seasons of Alternaria and Cladosporium
occur in late summer. Fungal spore exposure may also increase ir. the spring, when
snow uncovers decaying vegetation, and the period after rains may also increase the
prevalence of mold spores. Patients’ symptoms that occur during outdoor activities that
stir vegetation, such as leaf raking, farming activities, grass cutting, or hiking, are gen-
erally attributable to fungus exposure. Although grass pollen, insect debris, and other
allergens can be stirred by these activities, the role of fungal allergens should not be
overlooked.

INDOOR ALLERGENS

The house dust found in the indoor environment is a complex mixture that includes
various levels of the outdoor particles mentioned above, dust mite particles, fungal
spores, animal dander, bacteria, food remnants, and a variety of inorganic materials.
Many atopic individuals experience perennial symptoms because of allergens in the in-
door environment. Frequently, even perennial symptoms may wax and wane, making
physician detective work and diligent history taking imperative. For example, a dog-
allergic patient may experience an increase in symptoms during the winter months
when an outdoor pet spends more time indoors.

Just as it is possible to count pollens by morphological characteristics, the measure-
ment of indoor allergen concentrations is also possible, but requires different methods.
Determining the concentration of these indoor allergens is often helpful clinically, since
exposure levels are less predictable than seasonal outdoor allergens. Molds may be
measured by colony counts and dust mites can be counted in measured dust samples
using a light microscope. Monoclonal antibody (MADb) assays to major allergens of dust
mites, cat, dog, and cockroach among others have made analysis of exposure levels to a
number of relevant allergens possible. This work provides data to support the notion
that there is a threshold level of a particular allergen that predisposes susceptible indi-
viduals to become sensitized, and that there is a higher threshold level above which
symptoms may be elicited. Thus, steps taken to reduce levels of relevant indoor aller-
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Mold Spores

» Mold growth requires moisture.

» Mold spores can be found in the air year-round, but tend to peak in the spring, late
summer, and fall with wet weather.

» Mold growth can also be a problem in the house, especially in the basement, bath-
rooms, and other areas that are damp.

gens may help to prevent the development of specific allergic sensitization as well as re-
duction of symptoms. This work has also helped to elucidate the aerobiologic properties
of these allergens and the steps needed to reduce exposure to them.

Dust Mites

The most important allergen in house dust derives from house dust mites. The almost
ubiquitous domestic house dust mites, the most prominent of which are Der-
matophagoides pteronyssinus and Dermatophagoides farinae, are in the same family as
scabies. They are microscopic (approximate 0.3 mm in length), eight-legged, and feed
on human skin scales. They rely on ambient humidity for water, which they absorb
through a hygroscopic substance on their legs. They grow best at a relative humidity in
excess of 75%, which may be easily achieved in, for example, a mattress, even when
ambient humidity is lower. This requirement for humidity also results in a lower con-
centration of mites in surface dust as opposed to deeper areas such as in blankets, pil-
lows, and furred toys. The number of dust mites in the environment will correlate with
absolute humidity, which can lead to seasonal variation in exposure levels. The optimal
temperature for their growth is 18.3-26.7°C. These requirements for growth explain
why they are not as prevalent an allergen in cold, dry areas, such as northern Sweden,
central Canada, and at high altitudes as in Colorado.

The major source of mite allergen is derived from fecal particles that are 10-35 um in
diameter (similar to the size of pollen grains). The fecal particles can become airborne
with disturbance, but settle rapidly. The particles are surrounded by a membrane that al-
lows contained allergen to elute when in contact with wet surfaces, such as mucous
membranes. Although a patient may give a history that is suggestive of dust mite
allergy, such as acute symptoms occurring on going to bed, frequently the role of this
allergen may be more in the realm of chronic inflammation and chronic symptoms.

Fungi

Examples of common indoor fungi include Penicillium, Aspergillus, Rhizopus, and
Cladosporium. Fungal colonies may be visible as darkly stained growths or may be de-
tected by a “musty” odor in some cases. Penicillium, for example, forms the greenish
growth in damp areas, and Rhizopus is the fluffy black growth seen on old bread. Damp
basements, soiled upholstery, garbage containers, various wet bathroom items, and
damp food or clothing storage areas are excellent sources for mold growth. Humidifiers
that use a cold water reservoir and duct systems that have become damp may also dis-
perse fungal allergens. Since molds are ubiquitous, trying to culture them from a pa-
tient’s home environment may not be as helpful as correlating symptoms, exposure
risks, and skin test or RAST results in diagnosing their role in an individual’s symp-
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toms. Like pollens, outdoor airborne fungal allergens can become a significant indoor
allergen by virtue of entry through doors and windows.

Animal Danders

An estimated 100 million domestic animals reside in the United States, with from
one-third to one-half of homes having a pet, the most popular being cats and dogs. Ani-
mal dander carrying the allergenic proteins derive from emanations that include skin
scales, urine, feces, and saliva. Exposure to a pet may elicit acute symptoms, but more
often animal allergen in the home is responsible for chronic symptoms, often making
the suspicion of an allergy to a household pet more difficult to diagnose. Finally, it must
be remembered that pets may act as a vector for bringing outdoor allergens, such as
pollen, into the home environment.

CaTs

Cats are among the most common household pet in urban areas, and survey data
would indicate that 20-40% of the atopic population is sensitized to cat allergen and
about one-third of these people live with cats. The major allergen responsible for cat al-
lergy is Fel d 1, although reactivity to other proteins, including cat albumin, play a role.
All breeds, both long and short hair, produce Fel d 1 to varying extents, and males pro-
duce more than females. Even “big cats” (e.g., tigers) produce this allergen. The aller-
gen is found in both saliva and sebaceous glands, and is distributed by licking and
grooming. The size of vectors that carry the allergen are generally <25 tm, and 10-30%
are smaller than 2.5 um. These small particles remain airborne for long periods of time
and are not readily cleared by the nasopharynx. This ability of the particles to reach the
lower airway may explain the sudden asthma symptoms some sensitive individuals ex-
perience on entering a home with cats. Cat allergen has been found in low levels even in
homes without cats or in schools; presumably, the allergen is brought in by passive
transport from cat owners, since these particles are adherent. In fact, cat allergen is tena-
cious, in that it has been detected not only in settled dust, but also on walls and fabrics
and can remain for months after a cat is removed from the home.

Dogs

The prevalence of sensitivity to dog allergen is about half that seen with cat sensitiv-
ity. The major dog allergen is Can f 1, which is detected on the coat and in saliva. The
amount produced by different breeds varies, but all breeds produce the major allergen
so there is not truly an allergen-free breed. Some breeds do, however, produce breed-
specific allergens, but the clinical relevance of this is not well understood. The airborne
characteristics of dog allergen are not well described. Like cat allergen, the dog major
allergen can be detected in homes without dogs or in schools, showing that passive
transport and persistence of allergen is possible.

BIRDS

IgE-mediated sensitivity to feathers has been found in canary fanciers and other bird
breeders, but the prevalence of sensitization is not known. Positive skin tests to feather
extract may be related to contamination of the extract with mite allergen, leading to
false estimates of the prevalence of sensitivity. Similarly, feather pillows may induce
symptoms because of the growth of house dust mites or mold in them, rather than any
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avian proteins associated with the feathers. Specific disease caused by bird exposure is,
however, seen in pigeon breeders and budgerigar, canary, and other bird fanciers who
may develop hypersensitivity pneumonitis. IgG antibody responses toward the avian
serum gamma globulin is seen in these patients, although IgE-mediated sensitivity has
also been demonstrated in some individuals with this disease.

OTHER FURRED ANIMALS

Furred animals other than cats and dogs are found in homes, schools, farms, and the
workplace. Furred pets found in homes or schools include hamsters, gerbils, guinea
pigs, rabbits, and many exotic pets. The allergens from these animals may be found in
their fur, urine, and saliva. Farm animals, such as pigs, cattle, and horses, are also re-
sponsible for allergic disease, although little is known about the prevalence of disease
activity from these sources in the United States. Sensitivity to these farm animals is a
more common problem in northern Europe, presumably because of the closer proximity
of these animals to the homes of their keepers.

Furred pests, such as mice and rats, should also be considered as a potential source of
allergen. Mouse allergen (Mus m 1) has also been detected in air samples from urban
dwellings, but the role in atopic disease in that setting is not well characterized. Among
laboratory workers exposed to animals, 11-30% show sensitivity, and most of these in-
dividuals become sensitive to more than one species. Studies with laboratory workers
handling rats have shown that rat allergen (Rat n 1) levels vary widely depending on the
type of disturbance—cleaning cages, sacrificing—the animals are undergoing, which
may play a role in sensitization and the production of symptoms.

Insects

The fine wing scales, fecal pellets, and other emanations from moths, locusts, various
beetles, flies, and other insects are a source of inhalant allergens. The mayfly, for exam-
ple, is responsible for allergic symptoms especially in the area around the western end
of Lake Erie. The allergen from the mayfly is carried on particles that are fragments of
the insect’s pellicle shed during molting.

Among the various insects that have been implicated in allergy, the cockroach is the
best studied. Three main species of cockroach inhabit buildings: Blartella germanica,
Periplaneta americana, and Blatella orientalis; B. germanica is the most prevalent in
crowded cities. Its major allergens, Bla g 1 and Bla g 2, derive principally from the
saliva and fecal material. The larger American cockroach produces the allergen Pera 1,
which crossreacts with Bla g 1. Sensitivity to cockroach allergen has been shown to be
associated with a history of infestation, is more prevalent in urban as compared to sub-
urban areas, and has been associated as a risk factor for emergency room visits for
asthma in the inner city. Although concentrated in kitchen and bathrooms, allergen is
detectable in all areas of the home.

Other Indoor Allergens

There are a number of other potential allergens that are detectable in the indoor envi-
ronment, but their role in disease is not well understood. These include indoor plant ma-
terial, bacteria, protozoa, algae, food debris, and low-mol-wt chemicals. Indoor plants
do not usually produce pollen, but some may be allergenic, such as the airborne leaf par-
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ticles of Ficus benjamina (weeping fig). Other plant materials, such as latex and dust
from cotton, coffee, and flour, are probably only relevant in the industrial setting. Prod-
ucts such as enzymes secreted from bacteria and protozoa have been implicated in aller-
gic disease, but the exact pathophysiology or epidemiology is not completely under-
stood. Food allergens, such as ovalbumin, become aerosolized in certain industrial
conditions and may provoke allergic reactions as well.

Low-mol-wt chemicals, such as anhydrides, isocyanates, azo-dyes, and ethylenedi-
amide, have been reported to cause allergic reactions in industrial settings. These chem-
icals are too small to evoke immune reactions unless they complex with proteins. Most
exposures occur in industrial settings and not in domestic settings, unless acrylic paints
or glues are used without ventilation. Some of these chemicals may act as irritants rather
than allergens. Again, the exposure history is important in considering these agents, and
their significance in nonindustrial settings is unclear.
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INTRODUCTION

The term, “anaphylaxis” refers to a systemic, immediate hypersensitivity reaction re-
sulting from IgE-mediated mast cell and/or basophil degranulation. This degranulation
releases chemicals responsible for the clinical event. The term, “anaphylactoid reac-
tion” refers to a clinically similar occurrence not mediated by IgE.

ETIOLOGY AND PATHOPHYSIOLOGY

Anaphylaxis and anaphylactic events can be classified etiologically and pathophysi-
ologically, as seen in Table 1. The most common causes of true, IgE-mediated anaphy-
laxis are drugs, foods, insect bites and stings, and latex. Antibiotics are probably the
most common cause of drug-induced anaphylaxis. Penicillin and its derivatives are the
most common antibiotics to cause anaphylactic reactions.

The exact incidence of anaphylaxis to foods is unknown. However, anaphylaxis to
foods and drugs are the most common reported causes. The most common offender in
adults is probably shellfish and in children probably peanuts. Foods can cause anaphy-
lactic fatalities. Insect bites and stings cause several deaths in the United States each
year. The incidence of latex-induced anaphylaxis has increased dramatically over the
last decades with the increased use of latex gloves.

Non-IgE-mediated, anaphylactoid episodes can occur via several different mecha-
nisms. Aspirin and other nonsteroidal anti-inflammatory drugs are important causes of
anaphylactoid events. They apparently produce anaphylactoid reactions through the
aberrant metabolism of arachidonic acid. However, some episodes may be caused by
the direct degranulation of mast cells.

From: Allergic Diseases: Diagnosis and Treatment
Edited by P. Lieberman and J. Anderson Humana Press Inc., Totowa, NJ
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Table 1
Etiologic and Pathophysiologic Classification
of Anaphylaxis and Anaphylactoid Reactions

Anaphylaxis—IgE-mediated reaction
Drugs
Food
Insect bites and stings
Latex
Perhaps some cases of exercise
Anaphylactoid
Disturbances in arachidonic acid metabolism
Aspirin
Nonsteroidal anti-inflammatory drugs
Immune aggregates
v Globulin
IgG-anti-IgA
Possibly protamine, dextran, and albumin
Direct release of mediators from mast cells and basophils
Drugs
Idiopathic
Exercise
Physical factors, such as cold or sunlight
Miscellaneous and multimediator activity
Nonantigen—antibody-mediated complement activation
Radiocontrast material
Possibly some cases of protamine reactions
Dialysis membranes
Activation of contact system
Dialysis membranes
Radiocontrast material

Antigen—antibody aggregates (immune aggregates) cause anaphylactoid reactions
by activation of the complement system. Intramuscular y globulin, protamine, dextran,
albumin, and transfusions in IgA-deficient patients have all been incriminated as causes
of this form of anaphylactoid reaction.

Some drugs produce anaphylactoid reactions by directly degranulating mast cells
and basophils. That is, they do not act through IgE, but through a putative receptor on
the mast cell and basophil surface. Several drugs, including radiocontrast media and
opioids, can cause anaphylaxis via this mechanism. In addition, some patients with idio-
pathic anaphylaxis, exercise anaphylaxis, and anaphylaxis owing to physical factors,
such as cold and sunlight, may experience their episodes through direct mast cell and
basophil degranulation.

Many agents are capable of activating complement and the contact system (kallikrein
and kinins). These include radiocontrast material, dialysis membranes, and possibly
protamine. It is likely that the majority of anaphylactic episodes do involve mast cells
and basophils. Therefore, an understanding of the pathophysiology of the event is de-
pendent on a knowledge of the contents of these cells. These contents and their role in
the production of anaphylaxis and anaphylactoid events are seen in Table 2. Histamine
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Pathophysiology

« Histamine, through its action on both H; and H, receptors, is probably the major
mediator of most episodes of anaphylaxis.

* The contents of mast cells and basophils can activate other biochemical pathways,
such as clotting, clot lysis, complement, and the contact (kinin) system, all of which
can contribute to the event.

* Protracted and recurrent symptoms can occur and are probably owing to chemo-
taxis of inflammatory cells.

is certainly a major mediator, and histamine infusion has been shown to reproduce the
majority of the manifestations of anaphylaxis. Therefore, its activities are reviewed in
more detail in Table 3. The actions of histamine are mediated through three receptor
types (H;, Hy, and H3). Two of these, the H; and H, receptors, are active in producing
the symptoms of anaphylaxis.

The overall effect of histamine on the vascular bed is to produce vasodilatation. This
causes flushing and a lowering of peripheral resistance, resulting in a fall in systolic
pressure. Vascular permeability also occurs, owing to a separation of endothelial cells at
the postcapillary venule level. Both H; and H; receptors are operative in the production
of vasodilatation. Part of this effect is the result of the production of nitric oxide, a po-
tent vasodilator, by endothelial cells stimulated through their H; receptors.

Cardiac effects of histamine are mediated primarily through the H, receptor. H; re-
ceptor stimulation causes an increase in rate and force of atrial and ventricular contrac-
tion, and decreases the fibrillation threshold. H; receptor stimulation can cause coro-
nary artery vasospasm and an increased rate of depolarization of the SA node.
Histamine vasoconstricts smooth muscle in the bronchial tree, uterus, and gastrointesti-
nal tract. Glandular secretion is increased by both H; and H; stimulation.

The role of other basophil and mast cell mediators has not been as clearly defined.
However, arachidonic acid metabolites, such as the leukotrienes (LTC4, D4, E4) and
the prostaglandins (PGD,, PGF;-), as well as thromboxane A, can cause contraction
of airway smooth muscle, increased vascular permeability, goblet and mucosal gland
secretion, and peripheral vasodilatation. Platelet activating factor also contracts smooth
muscle and enhances vascular permeability.

Thus histamine, arachidonic metabolites, and platelet activating factor produce
smooth muscle spasm, enhance vascular permeability, cause vasodilatation, stimulate
sensory nerves thus activating vagal effector pathways, and alter myocardial function.
The results of these events are the classical symptoms of flush, urticaria and an-
gioedema, wheeze, hypotension and shock, myocardial ischemia, and gastrointestinal
smooth muscle contraction with nausea, vomiting, and diarrhea.

Other mediators, such as tryptase, chymase, mast cell kininogen, and basophil
kallikrein, can recruit secondary inflammatory pathways. These secondary inflamma-
tory pathways include the coagulation pathway, the complement cascade, the contact
system (kinin formation), and the synthesis of neuropeptides (Table 4). Tryptase can ac-
tivate complement by cleaving Cs to Csa. Tryptase also cleaves fibrinogen and perhaps
has kallikrein activity, thus causing the formation of kinins. Both mast cells and ba-
sophils contain substances that result in kinin formation. Chymase can induce the syn-
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Table 2

Mast Cell and Basophil Mediators That May Play a Role in Anaphylaxis

and Anaphylactoid Reactions

Mediator

Pathophysiologic event

Possible clinical
manifestations

Histamine

Acts through H;, H; receptors
Contraction of smooth muscle

Flush, urticaria, angioedema,
wheeze, hypotension,

Vasodilatation
Increased vascular permeability
Exocrine gland secretion
Irritation sensory nerves
Arachidonic acid metabolites
+ Lipoxygenase pathway

abdominal cramps, diarrhea

LTB4 Chemotaxis Possible role in late-phase
LTC4 Contraction airway smooth muscle response
LTD4 Increased vascular permeability Possible production of wheeze
LTE4 Goblet and mucosal gland secretion and hypotension

+ Cyclooxygenase pathway
PGD, Peripheral vasodilatation Flush, hypotension
PGF, a Contraction airway smooth muscle Possible production of

Thromboxane A; Coronary vasoconstriction
Goblet, submucosal gland secretion

Contraction airway smooth muscle

wheeze, myocardial
ischemia

Platelet activating factor Wheeze, hypotension

Eosinophil and neutrophil
chemotactic factors

Mast-cell kininogenase and
basophil kallikrein
Tryptase

Chymase

Heparin

Vascular permeability
Infiltration of and activation of
eosinophils and neutrophils

Activate contact system with
formation kinins

May activate complement by
cleavage C3 to C3,

Cleaves fibrinogen

Possibly has kallikrein activity

Cleaves neuropeptides

Converts angiotensin I to
angiotensin II

Inhibits clotting, plasmin, and
kallikrein; also
anticomplementary

Unclear—theoretically could
prolong and intensify
reaction, producing late-
phase reaction

Unclear

Unclear—may recruit other
pathways of inflammation

May play role in response to
hypotension with conversion
of angiotensin—could have
salutary effect by
inactivation of
neuropeptides

May have salutary
(anti-inflammatory) effect

thesis of neuropeptides, including substance P and vasoactive intestinal polypeptide.
These secondary pathways can play a profound role in severe anaphylactic episodes.
Patients in anaphylactic shock have been shown to have decreased Factor V, Factor
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Table 3
Actions of Histamine Pertinent to Anaphylaxis Mediated Through H; and H, Receptors

Requires H; and H,

H,; H, for maximum effect
Smooth muscle contraction  Cardiac effects Vasodilatation
Vascular permeability Positive chronotropic Hypotension
Stimulation of nerve endings  Positive inotropic Headache

Pruritus Decreased fibrillation Flush

Vagal irritant receptors threshold

Neuropeptide release Vasodilatation Increased amount mucous
Vasodilatation Mucous glycoprotein secretion gland secretion

from goblet cells and
Endothelial cell-relaxing bronchial glands

factor (nitric oxide)
Direct effect
Cardiac effects
Increased rate of
depolarization of SA
node
Coronary artery vasospasm
Increased viscosity mucous
gland secretion

Table 4
Multimediator Recruitment Occurring During Anaphylaxis and Anaphylactoid Events

Coagulation pathway
Decreased Factor V
Decreased Factor VIII
Decreased fibrinogen

Complement cascade
Decreased C4
Decreased C;

Formation C3,

Contact system (kinin formation)
Decreased high-mol-wt kininogen
Formation of kallikrein-C,-inhibitor complexes, factor XIIa-C;-inhibitor complexes

Neuropeptides
Substance P
Vasoactive intestinal polypeptide

VIII, fibrinogen, C4, C3, and formation of Csa. In addition, there is evidence for kinin
formation and the synthesis of neuropeptides.

It is also important to note that chemotactic factors are released from mast cells and
basophils. These factors recruit other cells, which then degranulate and release a second
wave of mediators. This second wave of mediators is thought to account for relapses of
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Clinical Manifestations

» The vast majority of patients will demonstrate cutaneous manifestations (flush,
urticaria).

» Hypotension can occur in patients maximally vasoconstricted because of endoge-
nous catecholamines and angiotensin; the hypotension in these cases is the result of
a depressed intravascular volume.

« In most instances, the earlier the onset of symptoms after exposure to the responsi-
ble agent, the more severe the episode.

anaphylaxis that can occur after initial symptoms have resolved. These are termed “late-
phase reactions.” In addition, these chemotactic events along with the recruitment of
other mediators can result in protracted or prolonged episodes of anaphylaxis that per-
sist long after the initial degranulation of mast cells and basophils.

Signs and Symptoms

The signs and symptoms of anaphylaxis as obtained from a review of several series,
in order of frequency, are seen in Table 5. Clearly, the most common organ involved is
the skin. Urticaria and angioedema are the most common cutaneous manifestations, oc-
curring in approx 88% of patients. Flush occurs in approx 46% of patients, and a small
percentage of patients can have pruritus without rash. Anaphylaxis and anaphylactoid
events can occur in the absence of cutaneous symptoms, but this is relatively rare.

Respiratory symptoms are the next most common. Shortness of breath and wheeze
are present in approx 48% of subjects. Upper airway edema causing shortness of breath
is present in approx 56% of patients.

Symptoms of hypotension and documented hypotension appear next most frequently
and are noted in approx 33% of patients. It is important to understand the mechanism of
production of shock in anaphylaxis. Initially the major factor causing shock is a loss of
intravascular volume accompanied by vasodilatation. Shortly thereafter, there can be
myocardial depression. However, it should be noted that vasoconstriction, owing to
compensatory mechanisms, can occur. Therefore, patients with profound shock can be
maximally vasoconstricted. In these patients, vasopressors may be of little value, and
fluid administration is the most effective form of therapy. The compensatory mecha-
nisms resulting in vasoconstriction are the conversion of angiotensin I to angiotensin II
and the endogenous synthesis of catecholamines (norepinephrine and epinephrine).

The gastrointestinal tract is the next most common system involved. Symptoms in-
clude nausea, vomiting, diarrhea, and cramping abdominal pain. Less frequent symp-
toms are headache, rhinitis, substernal pain, and seizure (presumably secondary to
hypotension). ‘

It should be noted that cardiovascular collapse with shock can occur immediately
without cutaneous or respiratory symptoms. Manifestations usually begin within 5-30
min after antigen has been injected. However, there can be a delay of an hour or more.
Oral administration usually produces symptoms within the first 2 h of ingestion, but
symptoms can be delayed in onset for several hours. It is thought that there is a direct
correlation between the immediacy of onset of symptoms and the severity of a given at-
tack. The more rapid the onset, the more severe the episode.
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Table 5
Frequency of Occurrence of Signs and Symptoms of Anaphylaxis+

Approximate percent

Signs/symptoms of patients experiencing
Urticaria and angioedema 88
Dyspnea, wheeze 47
Dizziness, syncope, hypotension 33
Nausea, vomiting, diarrhea, cramping abdominal pain 30
Flush® 46
Upper airway edema® 56
Headache?® 15
Rhinitis? 16
Substernal pain® 6
Itch without rash® 4.5
Seizure? 1.5

aBased on a compilation of the following references: (1) Kemp S, Lieberman P, Wolf B. A review of 267
cases of anaphylaxis in clinical practice. J Allergy Clin Immunol 1993; 91: 153 (abstract-supplement). (2)
Wade JP, Liang MH, Sheffer AL. Exercise-induced anaphylaxis: epidemiological observations. Prog Clin
Biol Res 1989; 297: 175. (3) Wiggins CA. Characteristics and etiology of 30 patients with anaphylaxis.
Immun Allergy Pract 1991; 13(8): 313-316. (4) Orfan NA, Stoloff RS, Harris KE, Patterson R. Idiopathic
anaphylaxis: total experience with 225 patients. Allergy Proc 1992; 13(1): 35-43.

bSymptom or sign not reported in all four series.

As noted, an episode can abate and then recur several hours after symptoms have dis-
appeared. Thus, the anaphylactoid event can occur in a biphasic form. Also, there can be
protracted anaphylaxis with symptoms persisting without interruption over 24 h. This is
especially true for cardiovascular manifestations. Both biphasic anaphylaxis and pro-
tracted anaphylaxis can occur in spite of appropriate therapy. Death can occur at any
time during the course of protracted anaphylaxis.

The cardiac manifestations of anaphylaxis can be varied and profound. Usually there
is a compensatory tachycardia resulting from a decreased effective vascular volume.
This has often been used as a sign to differentiate anaphylaxis from vasodepressor reac-
tions. However, bradycardia, presumably owing to increased vagal tone, can also occur
during anaphylaxis. This is thought to be owing an activation of the Bezold-Jarisch re-
flex. This cardio-inhibitory reflex is transported by unmyelinated vagal C-fibers and is
the result of ischemic stimulation of sensory receptors in the inferoposterior wall of the
left ventricle.

Myocardial depression with a significant decrease in cardiac output can occur and
can last several days. This is presumably the result of hypoxemia and the direct effect of
mediators released from mast cells and basophils. Coronary artery vasospasm with my-
ocardial infarction can occur. Electrocardiographic abnormalities are common, and in-
clude flattening or inversion of T waves, ST segment elevation, and arrhythmias. Car-
diac enzymes can be elevated during these episodes.

Arterial gas abnormalities usually consist of a fall in PO, and PCO, early in the
course. If severe respiratory difficulties supervene, hypoxemia worsens, and an eleva-
tion of PCO; and fall in pH can also occur.

Death from anaphylaxis is usually the result of respiratory obstruction and/or cardio-
vascular collapse. In patients dying from respiratory obstruction, there is edema of the
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airway and pulmonary hyperinflation. Upper airway edema occurs in over 50% of
deaths. Bronchial obstruction with hyperinflation occurs in approx 50%. The ob-
struction is the result of a combination of submucosal edema, bronchial spasm, and
secretions.

In some instances, death occurs without any gross pathologic change and is presum-
ably the result of sudden and profound cardiovascular collapse. In such cases, myocar-
dial damage can usually be detected microscopically.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of anaphylaxis and anaphylactoid events is seen in Table 6.
This classification includes events that need to be considered when the patient is seen
not only during the acute episode, but afterward for the purpose of determining the
cause of the event. Anaphylaxis, as noted, occurs not only to exogenous agents, but also
after exercise, exposure to certain physical factors, and in many instances without
known cause.

Perhaps the most common condition mimicking anaphylaxis is the vasodepressor
reaction. Such reactions are characterized by hypotension, weakness, nausea and
vomiting, pallor, and sweating. They are usually caused by a threatening event or emo-
tional trauma. Bradycardia rather than tachycardia is a characteristic feature of vasode-
pressor reactions. This can be used as a differential diagnostic factor to distinguish a
vasodepressor reaction from an anaphylactic event. However, as noted, bradycardia
can also occur in anaphylaxis. Another important distinguishing feature is the absence
of cutaneous manifestations (flush, urticaria, angioedema, or pruritus). There are
several conditions that produce flush that can be confused with anaphylaxis. These
include the carcinoid syndrome, postmenopausal flush, chlorpropamide-alcohol-
induced flush, flush associated with medullary carcinoma of the thyroid, and auto-
nomic epilepsy.

Carcinoid tumors can secrete histamine, neuropeptides, kallikrein, and pros-
taglandins in addition to 5-hydroxytryptamine (serotonin). It is therefore not surprising
that they cause symptoms and signs similar to those that occur during anaphylactic
episodes. Patients with carcinoid syndrome have flushing, abdominal pain, diarrhea,
and occasionally wheezing. Postmenopausal flush occurs over the face, neck, breasts,
and upper chest. The flush can last 3—5 min and occurs several times a day. It is aggra-
vated by stress and alcohol. There is no hypotension.

The ingestion of alcohol with a sulfonylurea agent, especially chlorpropamide,
causes a flush associated with hypoglycemia and all of its attendant symptoms. The
flush usually begins 3—5 min after alcohol ingestion and peaks in about 15 min. There is
no hypotension, syncope, or gastrointestinal symptoms.

A protracted flush can occur with medullary carcinoma of the thyroid. It appears over
the face and upper extremities. Patients usually have telangiectasia and a positive fam-
ily history of the disease. These tumors can secrete histamine, prostaglandins, substance
P, and 5-hydroxytryptamine.

Autonomic epilepsy is a rare disease thought to be the result of paroxysmal auto-
nomic discharges. The blood pressure may fall or rise. There can be tachycardia, flush,
and syncope.
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Table 6
Differential Diagnosis of Anaphylaxis and Anaphylactoid Reactions

Anaphylaxis and anaphylactoid reactions
Anaphylaxis and anaphylactoid reactions to exogenously administered agents
Physical factors

Exercise
Cold, heat, sunlight
Idiopathic

Vasodepressor reactions

Flush syndromes
Carcinoid
Postmenopausal
Chlorpropamide—alcohol
Medullary carcinoma thyroid
Autonomic epilepsy

“Restaurant syndromes”

MSG
Sulfites
Scombroidosis

Excess endogenous production of histamines
Systemic mastocytosis
Urticaria pigmentosa
Basophilic leukemia
Acute promyelocytic leukemia (tretinoin treatment)
Hydatid cyst

Nonorganic disease
Panic attacks
Munchausen’s stridor
Vocal chord dysfunction syndrome
Globus hystericus

Other forms of shock
Hemorrhagic
Cardiogenic
Endotoxic

Miscellaneous
Vancomycin-induced “red man syndrome”
Pseudoanaphylaxis
Hereditary angioedema

Many patients suffer from idiopathic flush. This occurs more frequently in women.
It is associated with diarrhea, syncope, hypotension, and palpitations. There is no
wheezing.

A group of postprandial syndromes can also produce reactions similar to anaphylac-
tic events. They have been called the “restaurant syndromes.” They can be the result of
the ingestion of monosodium glutamate, sulfites, and saurine. Monosodium glutamate
ingestion can cause chest pain, flushing, facial burning, sweating, dizziness, paresthe-
sias, headaches, palpitations, nausea, and vomiting. Children also experience shivering
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Probably the most common condition to be confused with anaphylaxis is a vasode-
pressor reaction. It can usually be distinguished from anaphylaxis by the absence of
cutaneous symptoms and the presence of a bradycardia (however, anaphylaxis can
occur with bradycardia). Serum tryptase may help in establishing the diagnosis. It can
remain elevated for 2 h after the onset of symptoms of anaphylaxis.

and chills, screaming, irritability, and delirium. This has been referred to as the “Chi-
nese Restaurant Syndrome.” The exact mechanism of production of these events is un-
known. However, it is thought that monosodium glutamate induces a “transient acetyl-
cholinosis.” Perhaps 15-20% of the population is sensitive to small doses of
monosodium glutamate. However, these reactions can occur in any individual should
the dose be large enough. Symptoms usually begin no later than 1 h after ingestion, but
can be delayed in onset for up to 14 h. There may be a familial tendency to develop
these reactions.

Sulfites are found in many foods, including dried fruits, gelatin, pickles, fruit, wine,
fruit juices, sausages, and shellfish. In some individuals, the ingestion of sulfites pro-
duces flushing, hypotension, and bronchospasm. In many instances, bronchospasm is
the only symptom. The bronchospasm can be profound.

Scombroidosis is the result of the ingestion of saurine, which is contained in spoiled
fish. Saurine is a chemical with histamine-like activity. Bacteria, especially Klebsiella
pneumoniae and Proteus morgani, contained in spoiled fish, decarboxylate histidine
producing the saurine. Symptoms of scombroidosis are very similar to those seen in true
anaphylactic events. They include flushing, urticaria and angioedema, pruritus,
headache, and nausea and vomiting. A feature useful in distinguishing a true anaphylac-
tic episode from scombroidosis is that everyone at the meal eating sufficient quantities
of the fish experiences symptoms of scombroidosis. Isoniazid seems to predispose to
such reactions.

Several symptoms are characterized by excessive endogenous production of hista-
mine. These include mastocytosis, leukemias where there is an overproduction of hista-
mine-containing cells (acute promyelocytic leukemia, basophilic leukemia), and hy-
datid cysts. Anaphylactic events can occur in such patients. For example, patients with
systemic mastocytosis can experience anaphylactic episodes after the ingestion of opi-
ates. Patients with promyelocytic leukemia can experience episodes after treatment
with tretinoin.

Patients with emotional problems can express symptoms and signs that can be con-
fused with anaphylaxis. Panic attacks are characterized by tachycardia, flushing, gas-
trointestinal symptoms, and shortness of breath. The absence of urticaria, angioedema,
and hypotension are distinguishing features.

Two rare conditions that can sometimes be confused with anaphylaxis are vocal cord
dysfunction syndrome and Munchausen’s stridor. These have similar presentations. In
the former, there is involuntary adduction of the vocal cords occluding the glottal open-
ing. In the latter, there is intentional adduction of the vocal cords. In both instances, the
patient will present with symptoms mimicking laryngeal edema with stridor. Patients
with intentional vocal cord adduction (Munchausen’s stridor) can be distracted from
their stridor by asking them to perform such maneuvers as coughing.
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Of course, other forms of shock must be considered during any acute event. These in-
clude hemorrhagic, cardiogenic, and endotoxic shock. These are usually easily distin-
guished from true anaphylactic or anaphylactoid episodes.

A group of miscellaneous disorders should be included in the differential diagnosis.
One of these is the “red man syndrome” resulting from vancomycin administration.
This can usually be eliminated, should vancomycin be required for therapy, by slowing
the infusion rate of the drug.

A condition termed “pseudoanaphylaxis’” has been described after the administration
of procaine penicillin and lidocaine. In the case of penicillin, the reaction is thought to
be the result of the procaine and not the penicillin. The manifestations are syncope and
neurologic symptoms.

Occasionally patients with hereditary angioedema can have an evanescent, serpigi-
nous rash during the first few hours of their attack. This rash, plus the accompanying
symptoms of the attack, including abdominal pain and angioedema, can produce a
picture similar to an anaphylactic episode.

The laboratory can be helpful in making a diagnosis of anaphylaxis and distinguish-
ing an episode from other conditions. Of particular help in this regard is the determina-
tion of serum tryptase levels. The body’s store of tryptase is limited to mast cells. There-
fore, elevated serum tryptase levels are indicative of mast cell degranulation. The best
time to measure serum tryptase is between 1 and 2 h after the onset of symptoms. Ele-
vated tryptase levels usually return to normal within 2 h, but can be found as long as 5 h
after onset of symptoms. In cases of protracted anaphylaxis, tryptase may remain ele-
vated for as long as symptoms persist. On occasion, plasma or urine histamine determi-
nations may be useful. Plasma histamine levels rise rapidly. They usually peak in 5-10
min and remain elevated for only 30~60 min. Thus, they are of little help if the patient is
seen as long as an hour after the event. However, urinary histamine and its metabolites
can be elevated for a longer duration of time and might be useful.

PREVENTION AND MANAGEMENT

Prevention—General Measures

Anaphylactic reactions are unfortunately an unavoidable aspect of the practice of
medicine. However, their incidence and severity can be decreased by both general and
specific measures (Table 7).

A thorough history for drug allergy should be taken in every patient. Proper interpre-
tation of this history requires a knowledge of the immunologic and biochemical crossre-
activity between drugs. Whenever possible a substitute, noncrossreactive drug should
be administered. Oral administration is preferable to parenteral administration, since re-
actions are usually less severe after oral administration. When in-office parenteral ad-
ministration of the drug is required, the patient should remain under observation for
20-30 min.

Patients at risk for anaphylaxis should carry appropriate identification. This can in-
clude a Medic Alert bracelet or necklace (Medic Alert, 2323 Colorado Ave., Turlock,
CA, 95382. 1-800-432-5378) and an identification card in their wallet or purse. All such
patients should be supplied with kits for the self-injection of epinephrine and instructed
in the use of same. Any patient subject to anaphylactic episodes should not take 3-
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Table 7
Measures to Reduce the Incidence of Anaphylaxis and Anaphylactic Deaths

General measures
Obtain thorough history for drug allergy
Avoid drugs with immunological or biochemical crossreactivity with any agents to
which the patient is sensitive
Administer drugs orally rather than parenterally when possible
Keep patients in office 20—30 min after injections
Check all drugs for proper labeling
Specific measures for patients at risk
Teach self-injection of epinephrine and caution patient to keep epinephrine kit with
him or her
Have patient wear and carry warning identification
Discontinue B-adrenergic blocking agents, monoamine oxidase inhibitors, and ACE
inhibitors in predisposed patients
Use preventive techniques when patient is required to undergo a procedure or take an
agent that places them at risk. Such techniques include:
Pretreatment
Provocative challenge
Desensitization

adrenergic blockers, angiotensin converting enzyme inhibitors, or monoamine oxidase
inhibitors. B-adrenergic blocking agents increase the risk of a severe episode and of
course interfere with the activity of epinephrine. Angiotensin converting enzyme in-
hibitors prevent the compensatory response, consisting of the conversion of angiotensin
I'to angiotensin II, to hypotension. The administration of epinephrine can be contraindi-
cated in patients taking monoamine oxidase inhibitors.

Prevention—Specific Measures

LATEX

As noted, the incidence of anaphylaxis to latex is increasing. At particular risk are
health care workers. Whenever possible latex-allergic patients should avoid contact
with latex and, therefore, should use vinyl gloves. In addition, employees in the area
should also use vinyl or powderless latex gloves. Patients allergic to latex will experi-
ence respiratory symptoms on inhalation of the powder from powdered latex gloves. All
patients should wear and carry appropriate identification, and should be equipped with
epinephrine self-injectors and trained in their use. Patients should also keep vinyl
gloves with them in case they require emergency surgery and no such gloves are avail-
able. Such patients should take special care when visiting the dentist. If the dentist uses
powdered gloves in his office, the patient should request the first morning appointment
to reduce inhalation of powder. The dentist should use vinyl gloves and avoid latex
dams while working on the patient.

Patients with latex allergy also have a high incidence of anaphylaxis to certain foods,
including chestnuts and tropical fruits (bananas, kiwi, papaya, and so on). They should
therefore be cautioned in this regard. Should such patients require surgery, the surgeon
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and anesthesiologist should be informed of the allergy and appropriate operating room
precautions should be instituted.

PLASMA EXCHANGE

Patients undergoing plasma exchange can experience anaphylaxis from multiple
causes. The reported incidence is as high as 12%. Reactions can be owing to the appa-
ratus used during the plasmapheresis procedure or to the plasma itself. Changing the
plasmapheresis equipment may be helpful in preventing subsequent reactions. Pretreat-
ment with prednisone and diphenhydramine can also be helpful. The pretreatment pro-
gram consists of the administration of prednisone 50 mg po 13, 7, and 1 h prior to ex-
change and diphenhydramine 50 mg im 1 h prior to exchange.

HEMODIALYSIS

Anaphylaxis and anaphylactoid reactions during hemodialysis have been attributed
to a number of different factors. Ethylene oxide used for sterilization can produce an
IgE-mediated anaphylactoid event. Other reactions have been related to the procedure
used in processing the hemodialyzer. Reactions have been prevented by eliminating
the use of reprocessed dialyzers, changing the hemodialysis membrane, changing the
disinfectant process, and the discontinuation of washing hemodialyzers with hydro-
gen peroxide. Also, the type of membrane can be important. Severe reactions have
been reported with the use of hollow fiber membranes made of cuprammonium cellu-
lose. The use of ACE inhibitors during dialysis seems to predispose to anaphylactoid
events. This is especially true when high-flux polyacrylonite (AN69) membranes
are used.

When a patient experiences an anaphylactic or anaphylactoid reaction during
hemodialysis, therefore, the type of membrane should be changed, no reprocessed
membrane should be used, and ACE inhibitors and -blockers should be discontinued
if possible.

IDIOPATHIC ANAPHYLAXIS

A diagnosis of idiopathic anaphylaxis is made when an exhaustive search for etio-
logic agents has failed to identify a cause. A number of drugs have been used to prevent
or reduce the severity of recurrent episodes of anaphylaxis in these patients. Such drugs
include H; and H, antihistamines, oral albuterol, ephedrine, cromolyn sodium, and
prednisone.

Patients with infrequent and mild episodes occurring three to four times a year
probably need no preventive therapy. When episodes occur more frequently, such as
six to eight times a year, the combination of an H; and H, antagonist is indicated. If
the patient does not respond to this regimen, albuterol or ephedrine can be added.
Cromolyn sodium administered orally has been shown to be effective in rare
instances.

Some patients with this disorder experience recalcitrant, life-threatening episodes of
anaphylaxis in spite of treatment with the above drugs. In these instances, prednisone
can be used to prevent episodes. It has been reported that a dose of 60 mg a day with a
gradual tapering over a period of several weeks is helpful. Most such patients can be
managed on doses of 20 mg of prednisone or less every other day.
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MANAGEMENT OF THE ACUTE EVENT

Drugs used to treat anaphylaxis and their suggested dosage regimen are seen in
Table 8. Therapy may be divided into procedures that are performed immediately with-
out extensive evaluation and those that are initiated after evaluation. These steps of
therapy are listed in Table 9.

Rapid recognition with immediate treatment is essential. It is believed that prompt
initiation of therapy prevents fatalities. It is important to stress that the steps seen in
Table 9 are guidelines for therapy and are subject to the discretion of the physician
managing the patient. Variations in the sequence and performance may be necessary
dependent on physician judgment.

This discussion concerns the office management of anaphylaxis. The conditions that
indicate transfer to a tertiary center depend upon the skill, experience, and assessment
of the physician caring for the patient. Clearly, in order to initiate therapy, the proper
medication and apparatus must be available. There is no established consensus regard-
ing the preferred office inventory of drugs and equipment needed to treat anaphylaxis.
However, a suggested inventory is seen in Table 10. Any such inventory, like the treat-
ment of anaphylaxis, is subject to the judgment of the individual physician. The equip-
ment and drugs noted herein are reasonably extensive and may not be needed in every
situation or in every office.

The first step in the management of anaphylaxis is a rapid assessment of the patient’s
status with emphasis on evaluation of the airway and state of consciousness. If the air-
way is compromised, it should be secured immediately. Pulse and blood pressure
should be obtained. The patient should be placed in the supine position with feet ele-
vated. Modification of this Trendelenburg position may be necessary if the patient is
wheezing. In addition, the increased intrathoracic pressure produced by this position
can reduce the pressure gradient between the right atrium and inferior vena cava, thus
limiting the benefit of increased venous return. Therefore, frequent monitoring of blood
pressure and pulse is required. If the antigen responsible has been injected, a tourniquet
should be placed proximal to the injection site. The tourniquet should be released every
5 min (for a minimum of 3 min) during treatment. The tourniquet should be used no
longer than a total of 30 min. Oxygen should be started. An estimate of the patient’s
weight should be made to help guide dosage decisions.

Simultaneously with the above measures, epinephrine should be administered. The
dose and route of administration of epinephrine depend on the severity of the reaction.
In almost all instances, the im or sc route is preferred. In adults, the dose is 0.3-0.5 mL
(0.3-0.5 mg). In children, the dose is 0.01 mL/kg (0.01 mg/kg). The initial dose can be
repeated two to three times as needed at 10 to 15 min intervals.

Rarely, severe hypotension might require iv epinephrine administration. There is no
established dose, and numerous regimens have been proposed for iv use. Intravenous
use should be utilized only for severe cases of hypotension because of the greatly in-
creased risk for arrthythmias. The amount administered depends on the severity of the
episode and should be titered against the response. A suggested protocol is as follows:
An iv preparation is prepared by diluting 1.0 mL (1.0 mg) of a 1:1000 aqueous epi-
nephrine solution in 10 mL of normal saline. This 1:10,000 aqueous preparation can be
administered in doses of 0.1-0.2 mL every 5-15 min depending on the response. In
more critical situations, the iv dose can be increased.
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Table 8

Drugs and Other Agents Used in the Treatment of Anaphylaxis and Anaphylactoid Reactions

Drug

Dose and route of administration

Comment

Epinephrine

Antihistamines
Diphenhydramine

Ranitidine or cimetidine

Corticosteroids
Hydrocortisone

Drugs for resistant bronchospasm
Aerosolized B-agonist (albuterol,
metaproterenol)

Volume expanders
Crystalloids (normal saline on
ringers lactate)

Colloids (hydroxyethyl starch)

Vasopressors

Dopamine

Levaterenol

Drugs employed in patients who are
B-blocked
Atropine sulfate

Glucagon

1:1000 0.3-0.5 mL sc or im
(adult); 1:1000 0.01 mg/kg
or 0.1-0.3 mL sc or im (child)

0.1-1.0 mL of 1:1000 aqueous
epinephrine diluted in 10 mL
normal saline iv (see text for
details)

25-50 mg im or iv (adult)
12.5-25 mg po, im, or iv (child)
4 mg/kg iv cimetidine and 1 mg/kg
iv ranitidine in adults.

100 mg to 1 g iv or im (adult)
10-100 mg iv (child)

Dose as for asthma (0.25-0.5 cc in
1.5-2 cc saline every 4 h, pm
for albuterol)

1000-2000 cc rapidly in adults;
30 mL/kg in first hour in
children

500 mL rapidly, followed by slow
infusion in adults

400 mg in 500 cc; dextrose 5% in
water as iv infusion;
2-20 pg/kg/min

4 mg in 500 cc dextrose (5%) in
water as iv infusion; initial dose
is 4-8 ug/min; in adults

0.3-0.5 mg iv; may repeat every
10 min to a maximum of 2 mg
in adults

Initial dose of 1-5 mg iv followed
by infusion of 5-15 ug/min
titrated against blood pressure

Initial drug of choice for all
episodes; should be given
immediately. May repeat every
10-15 min

If no response to sc or im
administration and patient in
shock with cardiovascular
collapse

Route of administration depends
on severity of episode

Cimetidine should be
administered slowly, since rapid
administration has been
associated with hypotension;
dose in children not established.

Exact dose not established; other
preparations, such as
methylprednisolone, can be
used as well; for milder
episodes, prednisone 30-60 mg
may be given (see text)

Useful for bronchospasm not
responding to epinephrine

Rate of administration titrated
against blood pressure response
for iv volume expander; after
initial infusion further
administration requires tertiary
care monitoring; in patients
who are B-blocked, larger
amounts may be needed

Dopamine probably the drug of
choice; the rate of infusion
should be titered against the
blood pressure response;
continued infusion requires
tertiary care monitoring

Glucagon is probably the drug of
choice with atropine useful only
for treatment of bradycardia

Abbreviations: sc—subcutaneous; im—intramuscular; iv—intravenous.
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Table 9
Therapy of Anaphylaxis

Immediate action
Assessment
Check airway and secure if needed
Rapid assessment of level of consciousness
Vital signs
Treatment
Epinephrine
Supine position, legs elevated
Oxygen
Tourniquet proximal to injection site
Dependent on evaluation
Start peripheral iv fluids
H; and H; antagonist
Vasopressors
Corticosteroids
Inhaled B-adrenergic agent
Glucagon
Atropine
Electrocardiographic monitoring
Transfer to hospital
Hospital management
Medical antishock trousers
Continued therapy with above-noted agents and management of complications

Sublingual injection has been suggested when iv access cannot be obtained. The ra-
tionale for use of the sublingual route is based on the rich vascularity of this area. The
0.3-0.5 cc should be injected in the posterior one-third the sublingual area. If the anti-
gen causing the episode was injected, 0.3 mL (0.1-0.3 mL in children) of a 1:1000
aqueous epinephrine solution can be injected into the original antigen injection site in
order to slow absorption of antigen.

Antihistamine therapy should be considered adjunctive. Antihistamines should not
be used as the sole form of therapy. They should be given with epinephrine. Based on
the fact that histamine produces symptoms acting through a combination of H; and H,
receptors, the administration of an H; and an H, antagonist may be superior to an H;
antagonist alone. Diphenhydramine can be given intramuscularly or intravenously. The
route of administration depends on the severity of the reaction. It can be given intra-
muscularly or intravenously. The dose in adults is 25-50 mg and in children is 12.5-25
mg. Ranitidine or cimetidine can be given intravenously in an adult. The dose of cime-
tidine in adults is 4 mg/kg and for ranitidine 1 mg/kg iv. Cimetidine should be adminis-
tered slowly, since rapid administration can produce hypotension. There is no estab-
lished dose in children.

The mechanism of action of corticosteroids in the treatment of anaphylaxis is un-
known. In addition, corticosteroids probably do not exert any immediate effect.
Nonetheless, it is believed that patients with anaphylactic episodes, especially those
with severe symptoms, should receive glucocorticosteroid therapy. Perhaps the most
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Table 10
Equipment and Medication for Therapy of Anaphylaxis in Office
Primary
Tourniquet

1- and 5-mL disposable syringes
Oxygen tank and mask/nasal prongs
Epinephrine solution (aqueous) 1:1000
Diphenhydramine injectable
Ranitidine or cimetidine injectable
Injectable corticosteroids
Ambu bag, oral airway, laryngoscope, endotracheal tube, no. 12 needle
Intravenous setup with large-bore catheter
Intravenous fluids, 2000 cc crystalloid, 1000 cc hydroxyethyl starch
Glucagon
Electrocardiogram
Normal saline 10-cc vial for epinephrine dilution
Supporting
Suction apparatus
Dopamine
Sodium bicarbonate
Aminophylline
Atropine
Optional
Defibrillator
Calcium gluconate
Neuroleptics for seizures
Lidocaine

important theoretical rationale for the use of corticosteroids involves the late-phase re-
action. Since, as noted, anaphylaxis can be biphasic, prevention of the second phase is
indicated. Although not documented to be effective in this regard, there is a theoretical
rationale for their use. There is no established dose or drug of choice. Hydrocortisone
can be given in a dose of 100 mg to 1 g intravenously or intramuscularly. For milder
episodes, 50 mg of prednisone can be given orally. Wheezing unresponsive to epineph-
rine can be treated with an aerosolized B-adrenergic agent as in asthma.

Fluid replacement is essential therapy for the treatment of hypotension. As previ-
ously noted, hypotension is the result of a shift of fluid from the intravascular to ex-
travascular space. Also, as noted, such patients may be maximally vasoconstricted
owing to the compensatory formation of angiotensin II and the production of endoge-
nous catecholamines. Therefore, the mainstay of treatment of hypotension, in addition
to epinephrine, should be restoration of intravascular volume. This is best accom-
plished by the rapid administration of large volumes of fluid. Colloids or crystalloids
can be used. Large volumes of crystalloids are often required. One thousand to 2000 cc
of lactated ringers or normal saline should be given rapidly, depending on the blood
pressure, at a rate of 5-10 mL/kg in an adult in the first 5 min. Children should receive
up to 30 mg/kg of crystalloid solution in the first hour. A colloid can be substituted for
crystalloid. The drug of choice is probably hydroxyethyl starch, since it is least likely to
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Therapy

« Rapid recognition and early treatment with epinephrine is essential; other agents
are employed in a way dictated by the presence of specific symptoms and signs;
and

« Hypotension may be refractory to vasoconstrictor agents, and in this case, therapy
should consist of rapid fluid volume replacement.

cause direct histamine release from mast cells and basophils. Adults should be given a
rapid infusion of 500 mL followed by slow infusion thereafter.

Patients taking [B-adrenergic blockers present a difficult problem regarding the man-
agement of hypotension. Such patients are resistant to vasoconstrictors and may require
very large amounts of fluids. Five to seven liters may be necessary before stabilization
occurs.

Vasopressors can be helpful, especially in patients not maximally vasoconstricted.
The drug of choice is probably dopamine administered at a rate of 2-20 pg/kg/min. The
rate should be titrated against the blood pressure.

Once again, patients taking [3-blockers present a special problem. They can be resis-
tant to standard therapeutic regimens. They have both inotropic and chronotropic car-
diac suppression, and can experience marked hypotension and bradycardia. Two drugs,
atropine and glucagon, have been recommended for therapy in such patients. Atropine
is useful only for bradycardia. It does not exert a beneficial effect on the inotropic func-
tion of the heart. The dose of atropine is 0.3-0.5 mg every 10 min to a maximum of 2
mg. Glucagon, a polypeptide hormone produced by the o-cells of the pancreas, exerts
both a positive inotropic and chronotropic effect. The inotropic effect is not dependent
on catecholamines or their receptors, and is therefore unaltered by B-adrenergic block-
ade. Thus, glucagon may be the drug of choice in patients who are B-adrenergically
blocked. The dose of glucagon is 1-5 mg intravenously as a bolus followed by infusion
of 5-15 pg/min titrated against the clinical response. Beneficial effects are usually
noted in 1-5 min and are maximal at 5-15 min following a bolus. Nausea and vomiting
are the major limiting factors.

Because of the possibility of a biphasic episode, any patient with moderately severe
anaphylaxis should be observed for several hours before discharge. There is no estab-
lished period of observation, but it would appear reasonable that a minimum of 2 h for
mild episodes and perhaps as long as 24 h for severe episodes is indicated.
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INTRODUCTION

Allergic reactions to insect stings are a very common and, on occasion, a serious
medical problem. The incidence of anaphylaxis in the general population has been esti-
mated to range from 0.3-3%. Vital statistic registry data document at least forty
deaths/yr as a result of insect sting anaphylaxis with the likelihood that other episodes of
unexplained sudden death are also the result of insect stings. Individuals at risk are often
very anxious about further stings and, as a result, make significant changes in their
lifestyles.

In recent years, particularly since the availability of purified venoms for diagnosis
and therapy, major advances have occurred. The natural history of insect sting allergy is
now understood, and tools are available for appropriate diagnosis and treatment of indi-
viduals at risk for insect sting anaphylaxis. For many individuals, this is a self-limited
disease, and for others, treatment results in a permanent “cure.”

INSECTS

The stinging insects are members of the order Hymenoptera of the class Insecta.
They may be broadly divided into two families; the vespids, which include the yellow
jacket, hornet, and wasp, and the Apids, which include the honeybee and bumblebee.
People may be allergic to one or all of the stinging insects. The identification of the cul-
prit insect responsible for reactions is thus important in terms of specific advice and spe-
cific venom immunotherapy discussed below.

From: Allergic Diseases: Diagnosis and Treatment
Edited by P. Lieberman and J. Anderson Humana Press Inc., Totowa, NJ
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¢ Insects most commonly responsible for allergic reactions are yellow jackets,
wasps, hornets, bees, and fire ants.

« Estimates of the incidence of anaphylaxis to insect stings range as high as 3% of the
general population.

» The test of choice to identify individuals at risk of a repeat reaction and the species
of insect responsible for previous reactions is the allergy skin test.

The presence of the different stinging insects varies in different parts of the country.
For example, the wasp is most common in Texas, and honeybees may be more common
in farm areas where they are used for plant fertilization.

The yellow jacket is the most common cause for allergic reactions resulting from in-
sect stings. These insects primarily nest in the ground and are easily disturbed in a
course of activity, such as lawn mowing and gardening. They are also attracted to food,
and are thus commonly found around garbage and picnic areas. Yellow jackets are par-
ticularly present in the late summer and fall months of the year. Hornets, which are
closely related to the yellow jacket, nest in shrubs and also are easily provoked by such
activities as hedge clipping. Wasps are found in nests usually hanging from eaves. In
general, there are few wasps per nest, and thus stings are relatively uncommon in most
of the country. The honeybee hive may contain thousands of honeybees. As a rule, these
insects are quite docile, as exemplified by the common picture of the beekeeper han-
dling thousands of bees on his face or other parts of the body. However, if the honeybee
hive is disturbed, multiple stings may occur. The bumblebee, which is a solitary bee, is a
rare cause for an insect sting reaction.

The problem of multiple insect stings has recently been intensified by the introduc-
tion of the “Africanized” honeybee, the so-called killer bee, into the southwestern
United States. The African honeybee was introduced into Brazil from Africa in 1956 for
the purpose of providing a more productive bee in tropical climates. These bees are
much more aggressive than domesticated European honeybees, which are found
throughout the United States. The African honeybee has interbred with the European
honeybee, but unfortunately, the aggressive characteristics have persisted. These bees
are extremely aggressive, and massive stinging incidents have occurred, resulting in
death from venom toxicity. The Africanized honeybees entered South Texas in 1990,
and are now present in Arizona and California. It is anticipated that these bees will con-
tinue to spread throughout the southern United States. They are unable to survive in
colder climates, but may make periodic forays into the northern United States during
the summer months.

The fire ant, which is a nonwinged stinging insect, is found in the southeastern and
south central United States primarily near the Gulf Coast. These insects are gradually
spreading northward and westward, and it is anticipated will extend as far north as Vir-
ginia and eventually reach Arizona, New Mexico, and California. The fire ant is in-
creasingly responsible for allergic reactions. It attaches itself by biting with its jaws. It
then pivots around its head and stings at multiple sites in a circular pattern. Within 24 h
a sterile pustule develops, which is diagnostic of the fire ant sting.

In contrast to stinging insects, biting insects, such as the mosquito, rarely cause seri-
ous allergic reactions. These insects deposit salivary gland secretions, which have no re-
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lationship to the venom deposited by stinging insects. Anaphylaxis has occurred from
bites of the deer fly, kissing bug, and bed bug. Isolated reports also suggest that on rare
occasions mosquito bites have caused anaphylaxis. It is much more common, however,
for insect bites to cause large local reactions, which may have an immune pathogenesis.

REACTIONS TO INSECT STINGS

Normal Reaction

Insect stings, in contrast to insect bites, always cause pain at the sting site. The usual
or “normal” reaction is this localized pain, swelling, and redness. This reaction usually
subsides within a few hours. Little treatment is needed other than analgesics and cold
compresses.

Large Local Reactions

Extensive swelling and erythema, extending from the sting site over a large area, is
fairly common. The swelling usually peaks in 2448 h, and may last 7-10 days. For ex-
ample, a sting on the hand may cause swelling extending as far as the elbow. On occa-
sion, when severe, fatigue, nausea, and malaise may be present. If mild, these large local
reactions can be treated with aspirin and antihistamines. When severe or disabling,
steroids, such as prednisone, 40 mg daily for 2-3 d, are very helpful in diminishing the
swelling. There is no documentation that the application of papain (meat tenderizer) or
“mud” alleviates local swelling. These large local reactions have been confused with in-
fection and cellulitis. Insect sting sites are rarely infected and antibiotic therapy rarely
indicated. Tetanus prophylaxis is unnecessary.

The natural history of reactions that occur following subsequent restings in individu-
als who have had large local reactions has been well studied. After subsequent stings,
large local reactions tend to reoccur in about 80% of individuals. The risk for subse-
quent insect anaphylaxis is very low, <5%. Thus, individuals who have had large local
reactions are not considered candidates for venom immunotherapy (discussed below)
and do not require venom skin tests.

Anaphylaxis

. There are no clinical criteria or risk factors that identify individuals at potential risk
for insect sting anaphylaxis other than a history of a prior anaphylactic reaction. The
clinical features of anaphylaxis following an insect sting are similar to anaphylaxis from
other causes. The most common symptoms are dermal, generalized urticaria, flushing,
and angioedema. The most severe symptoms, which may be life-threatening, include
respiratory distress owing to asthma and upper airway swelling, circulatory collapse,
and shock. Other symptoms include nausea, bowel cramps, diarrhea, rarely uterine
cramps, and a feeling of “impending doom.” Anaphylactic symptoms usually start im-
mediately after a sting, within 10-30 min. On rare occasions, reactions have started
after a longer time interval.

Estimates of the incidence of anaphylaxis in the general population range as high as
3%. The majority of reactions have occurred in individuals under the age of 20, with a
2:1 male to female ratio. These prevalence data probably reflect exposure rather than
any specific age or sex predilection for anaphylaxis. Although the majority of insect
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sting reactions occur in younger individuals, severe anaphylaxis may occur at any age.
Most deaths have occurred in older individuals, many of whom had cardiovascular
disease.

The natural history of insect sting anaphylaxis has been the subject of fairly intense
investigation. Individuals who have had insect sting anaphylaxis have an approx 60%
recurrence rate of anaphylaxis after subsequent stings. Viewed from a different perspec-
tive, not all individuals presumed to be at risk react to re-stings. The incidence of these
resting reactions is influenced by age and severity of the initial anaphylactic reaction. In
general, children are less likely to have resting reactions as compared to adults. The
more severe the anaphylactic reaction, the more likely it is to reoccur. For example,
children who have had dermal symptoms as the only manifestation of anaphylaxis have
a remarkably low resting reaction rate. On the other hand, individuals of any age who
have had severe anaphylaxis have an approx 80% likelihood of repeat reactions. When
anaphylaxis does reoccur, the severity of the reaction tends to be similar to the initial re-
action. No relationship has been found between the occurrence and degree of anaphy-
laxis and the intensity of venom skin test reactions.

Unusual Reactions

Serum sickness-type reactions, characterized by urticaria, joint pain, and fever, have
occurred approx 7 d after an insect sting. Individuals who have this reaction are subse-
quently at risk for acute anaphylaxis after repeat stings and thus are considered candi-
dates for venom immunotherapy.

There have been isolated reports of other reactions, such as vasculitis, nephritis, neu-
ritis, and encephalitis, occurring in a temporal relationship to an insect sting. The spe-
cific etiology for these reactions has not been established, and in general, venom im-
munotherapy is not indicated.

Toxic Reactions

Many simultaneous insect stings, such as 100 or more, may lead to toxic reactions
owing to venom constituents. The clinical symptoms that characterize these reactions
are primarily cardiovascular and respiratory in nature. Immediate treatment is directed
to cardiovascular and respiratory support. Following toxic reactions, individuals may
develop IgE antibody and may then be at risk for subsequent allergic sting reactions.
Thus, individuals who have had toxic reactions should be tested for the possibility of
potential sensitization and need for specific therapy. The frequency of these toxic reac-
tions has increased because of the Africanized honeybees.

ALLERGY TESTS

Acute allergic reactions from insect stings are the result of IgE antibodies reacting
with insect venoms. These antibodies are best detected by the immediate skin test reac-
tion. Individual insect venoms, yellow jacket, honeybee, white faced hornet, yellow
hornet, and wasp, are commercially available for diagnostic skin tests. A positive skin
test is defined as an immediate wheal and flare reaction occurring within 10 min after
an intradermal skin test with venom doses up to 0.1-1.0 pg/mL. Higher venom doses
cause nonspecific irritative reactions. IgE antibodies in the serum can also be mea-
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sured by the radioallergosorbent test (RAST). This in vitro test is more expensive and
generally much less sensitive than the simple immediate skin test. It is estimated that
approx 20% of individuals with positive venom skin tests will not have a positive
RAST. Thus, the RAST is not recommended for routine diagnosis unless a skin test
cannot be performed.

At the present time, fire ant venom is not available. The commercial whole-body fire
ant extract is reasonably reliable for skin test diagnosis and immunotherapy for fire ant-
allergic individuals.

THERAPY

Acute Reaction

The immediate medical treatment for acute anaphylaxis owing to insect stings is
the same as that for anaphylaxis from any other cause. This treatment is detailed in
Chapter 5.

If the insect stinger remains in the skin, it should be gently flicked off, with care
taken not to squeeze the sac. Unfortunately, the majority of the venom is deposited
very quickly after the sting, and removal of the sac will only be helpful if done
immediately.

Prophylaxis

Individuals who have had insect sting anaphylaxis and have positive venom skin
tests are at risk for further reactions after restings. Prophylactic measures include advice
to minimize potential exposure, available medication for immediate treatment of ana-
phylaxis, and consideration of venom immunotherapy.

Measures that might minimize insect stings include wearing protective clothing
when outside, such as shoes, slacks, long sleeves, and gloves. Cosmetics, perfumes, and
dark colored clothing, which attract insects, should be avoided. Great care should be
taken when eating outdoors, since food and garbage do attract insects.

The primary medication for treatment of anaphylaxis is epinephrine. Individuals at
potential risk should be given epinephrine, available in preloaded syringes (Ana-Kit,
Bayer Laboratories Spokane, WA; Epi-Pen™ and Epi E-Z Pen™, Center Laboratories,
Port Washington, NY). Antihistamines, such as diphenhydramine, are also recom-
mended and may be helpful for treatment of hives and edema.

VENOM IMMUNOTHERAPY

Injection of purified venoms (venom immunotherapy) is an extremely effective treat-
ment for individuals at risk for venom anaphylaxis. The overall success rate in prevent-
ing subsequent anaphylaxis is over 98%. Venom immunotherapy reduces the risk for
anaphylaxis from approx 50-60% in untreated individuals to about 10% after 2 yr of
therapy and to about 2% after 3—5 yr of treatment. The guidelines for selection of indi-
viduals for treatment and venom immunotherapy dosing are now well established and
are outlined in Tables 1-3.
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« Patients at risk of a future systemic (anaphylactic) reaction should carry epineph-
rine, be instructed in avoidance techniques, and receive immunotherapy.

« Patients who are candidates for immunotherapy are adults with any form of ana-
phylactic reaction and children whose previous anaphylactic episode extended be-
yond cutaneous manifestations only.

 The success rate of venom immunotherapy is better than 98%.

Selection of Individuals (Table 1)

All individuals who have severe symptoms of anaphylaxis and have positive venom
skin tests should receive venom immunotherapy. Children who have had very mild re-
actions with dermal symptoms only do not require therapy. Their families should be ad-
vised to keep epinephrine and antihistamines available. Adults who have had similar
mild anaphylaxis can probably be treated in a similar fashion, but there is less evi-
dence to support this practice in adults than in children. Currently, venom immunother-
apy is still recommended for these adults. Those individuals who have had reactions
of moderate intensity, such as mild asthma, nausea, and urticaria, without serious life-
threatening reactions, might also be treated without immunotherapy and with the avail-
ability of emergency medication. They are likely to have similar moderate reactions to
subsequent stings. This decision is influenced by other factors, such as risk of a expo-
sure, other disease processes, such as cardiac disease, and medication use.

Following serum sickness reactions, individuals usually have positive skin tests and
are then at risk for subsequent anaphylaxis. These observations are similar to the classic
horse serum induced serum sickness. If skin tests are positive, these individuals should
then receive immunotherapy. Because venom is a highly sensitizing agent, individuals
who have had toxic reactions may develop IgE antibody and then are at potential risk
for anaphylaxis. In that situation, immunotherapy is indicated. As already noted, indi-
viduals with large local reactions are not candidates for venom immunotherapy.

Venom Selection

The product brochure, which has not changed since the availability of commercial
venoms in 1979, recommends venom immunotherapy with each venom that elicits a
positive skin test reaction. Studies of venom antigenic crossreactivity explain the com-
mon observation of multiple positive venom skin tests despite only one insect sting re-
action. For example, an individual who has had an allergic reaction following a yellow
jacket sting will almost always have positive skin tests to hornet venom and possibly a
positive skin test to wasp venom. Awareness of this crossreactivity allows more selec-
tive venom treatment. The selection of venom for therapy is based on a history of the
culprit insect responsible for the reaction and the degree of skin test reactivity. This ap-
proach utilizing single venoms despite multiple positive skin tests is less expensive, re-
quires fewer injections, and is therapeutically as effective.

Dosing Schedule (Tables 2 and 3)

Venom immunotherapy is initiated with injection of small doses of venom followed
by increasing doses until the recommended maintenance dose has been reached. The
initial dose of venom is based on the degree of skin test reactivity, not the severity of the
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Table 1
Indications for Venom Immunotherapy in Patients
with Positive Venom Skin Tests#

Insect sting reaction Venom immunotherapy
“Normal”—transient pain, swelling No
Extensive local swelling No
Anaphylaxis
Severe Yes
Moderate Yes?
Mild; dermal only
Children No
Adults Yes?
Serum sickness Yes
Toxic Yes

4Venom immunotherapy is not indicated for individuals with negative venom
skin tests.
bPatients in these groups might be managed without immunotherapy. See text.

Table 2
General Venom Immunotherapy Dosing Guidelines
Initial dose .01-0.1 pg, depending on degree of skin test
reaction
Incremental doses Schedules vary from “rush” therapy administering

multiple venom injections over several days to
traditional once weekly injections

Maintenance dose 50-100 pg of single venoms, 300 pg of mixed vespid
veénom
Maintenance interval 4 wk Ist yr
6 wk 2nd yr
8 wk 3rd yr
Duration of therapy Stop if skin test becomes negative

Finite time, 3-5 yr (see text)

anaphylactic reaction. Incremental doses are given according to a number of schedules,
ranging from single doses once weekly to rush immunotherapy, which utilizes multiple
doses over a 2-3 d period. A typical dose schedule is shown in Table 3. Maintenance
doses of 100 pg of single venoms or 300 ug of a mixed vespid preparation (yellow
jacket, white faced hornet, yellow hornet) is the traditional recommendation. Recent
studies indicate that top doses of 50 pg of individual venoms are effective. Once the
maintenance dose is reached, injections are usually given at 4-wk intervals through the
first year and then 6- and 8-wk intervals after the second and third year, respectively.
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Table 3
Representative Examples of Venom Immunotherapy Dosing Schedules®
Traditional Modified rush Rush
Day
1 0.1 0.1 0.1¢ 3.0
0.3 0.3 5.0
0.6 0.6 10
1.0
Day 2 20
35
506
75
Day 3 100
Week
1 0.3 1.0
3.0
2 1.0 5.0 100
10 Repeat every 4 wk
3 3.0 20
4 5.0 35
5 10 500
6 20 65
7 35 80
8 50t 100
9 65
10 80 100
11 100 Repeat every 4 wk
12
13 100

Repeat every 4 wk

aStarting dose may vary depending on patients’ skin test sensitivity. Subsequent doses modified by local
or systemic reactions. Doses expressed in micrograms.

bFifty micrograms may be used as top dose.

Sequential venom doses administered on same day at 20- to 30-min intervals.

Reactions to Venom Immunotherapy

SYSTEMIC ALLERGIC REACTIONS

Systemic allergic reactions owing to venom immunotherapy are relatively uncom-
mon, as compared to reactions that follow other types of allergen immunotherapy.
However, because of the possibility of such reactions, it is important that venom im-
munotherapy, as with other allergenic extracts, should only be administered in the set-
ting in which personnel and equipment are available for treatment of an anaphylactic
reaction. Following such a reaction the venom dose is usually decreased about
25-33% and subsequent doses given at lesser increasing increments. If the patient is
receiving several different venoms, it is prudent only to give one venom at each treat-
ment time or separate the time of dosing. Inability to ultimately tolerate a maintenance
venom dose is rare.
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LocAL REACTIONS

Large local reactions following venom immunotherapy are more common. When
other types of allergenic extracts are administered, doses are decreased and a smaller
dose might be maintained to avoid such reactions. In the case of venom, however, it is
necessary to administer a maintenance dose (50-100 pg) in order to assure protection
from insect stings. Measures to minimize these local reactions include splitting the
venom dose into two injection sites and the addition of a small amount of epinephrine,
such as .05-0.1 mL, with the venom, a commonly used procedure, although its efficacy
has never been documented. When these local reactions are extensive and particularly
somewhat delayed in onset, there may be accompanying nausea and fatigue. In this sit-
uation, the addition of a small amount of steroid, such as betamethasone, 0.05-0.1 mL,
to the venom may markedly reduce such reactions.

FATIGUE, MALAISE

Unusual symptoms that have been reported after venom injections, and also have oc-
curred after other types of allergenic solutions, such as dust and mold, are symptoms of
fatigue, nausea, malaise, and even fever. These symptoms usually start several hours
after the venom injection and may last 1-2 days. The concomitant administration of as-
pirin with the venom injection and then further aspirin doses for the next 24 h may elim-
inate these reactions. If the reactions persist despite aspirin, then a small dose of oral
steroids, such as 20 mg prednisone, given with the venom dose and repeated once in
6-8 h has been very helpful.

LONG-TERM THERAPY

There have been no reported adverse reactions from long-term venom immuno-
therapy.

PREGNANCY
Venom injections appear to be safe for use during pregnancy.

Monitoring During Venom Immunotherapy

VENOM SKIN TESTS

In a small minority of venom-treated patients, the venom skin test does become neg-
ative. The loss of skin test reactivity indicates that venom-specific IgE is not present,
and thus, the need for continued venom treatment is unnecessary (discussed below). As
a general rule, it is reasonable to retest individuals with venom every 1-2 yr to examine
this possibility.

MEASUREMENT OF SERUM VENOM-SPECIFIC IGG

Venom-specific IgG has been associated with immunity to insect stings. During the
course of venom immunotherapy, venom- specific IgG is stimulated. Suggestions have
been made that individuals receiving venom immunotherapy should have serial moni-
toring of this antibody titer, and those individuals who have failed to develop adequate
titers should have a modification in dosing. In my opinion, careful review of these data
does not support that recommendation. Since venom immunotherapy is 98% effective
in preventing subsequent sting reactions, it does not seem reasonable to monitor any
type of immune parameter, looking for possible treatment failures. In addition, the pub-
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lished data do not indicate that for an individual patient, there is that close a correlation
between absolute antibody titers and the success of venom immunotherapy.

Treatment Failures

Persistent allergic reactions following insect stings in individuals receiving venom
immunotherapy are most uncommon. As noted above, the success rate of venom im-
munotherapy is better than 98%. When these reactions do occur, it is first necessary to
determine whether the patient has been treated with the correct venom. This might re-
quire reassessment by history and repeat skin tests. If other insects are suspect, then
venom immunotherapy should be modified.

If it appears that the patient is receiving the correct venom, then the dose of the
venom must be increased. For example, if the individual is receiving 100 ug of venom,
the dose should be increased to 150-200 pg.

Cessation of Venom Immunotherapy

Definitive criteria for safe cessation of venom immunotherapy are being evolved.
These include immunologic criteria and a specific period of treatment, unrelated to the
persistence of IgE antibody.

CONVERSION TO A NEGATIVE SKIN TEST

Conversion to a negative skin test is an absolute criterion for stopping therapy, indi-
cating that the IgE antibody, the immune mediator of this reaction, is no longer present.
In our experience, approx 20% of individuals will convert to a negative skin test after
3-5 yr of therapy.

FALL IN SERUM VENOM SPECIFIC IGE TO INSIGNIFICANT TITER

An allergy skin test is a very sensitive test. For example, individuals with “burned
out” ragweed hay fever may have a persistent positive skin test for many years. For this
reason, we examined the relationship of the serum venom-specific IgE titer as a crite-
rion for stopping treatment. When treatment was discontinued because of a fall in
serum-specific IgE to undetectable levels, the resting reaction rate was about 10%/pa-
tient. The average time of treatment was about 2 yr. Interestingly, the control for these
studies was a group of patients who stopped by self-choice. The resting reaction rate in
this group, who received treatment for approximately the same time period, was also
about 10%. These data suggested that after 2 yr of treatment, the risks of allergic reac-
tions from restings do diminish to about 10%.

SpeciFic TIME PERIOD

Treatment for a specific period of time, 3—5 yr, despite the presence of a persistent
positive skin test, also appears to be an adequate criterion for stopping therapy. Two
European studies suggest that 3 yr of venom immunotherapy are sufficient. Studies in
children and adults at Johns Hopkins University concluded that 5 yr of therapy are
adequate.

SPECIFIC TIME PERIOD OF TREATMENT RELATED TO THE NATURE
OF THE ANAPHYLACTIC SYMPTOMS

We have also examined the possibility that a specific period of time of treatment is
adequate and related these observations to the nature of the initial anaphylactic reaction.
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These data suggest that individuals who have had mild to moderate venom anaphylactic
symptoms can discontinue treatment after 2-3 yr. Patients who have had more severe
anaphylaxis may require longer periods of time. In that group, the resting reaction rate,
after cessation of therapy, was about 15%, with the majority of the patients having sim-
ilar severe anaphylactic symptoms. These observations suggest that it may be prudent to
treat individuals who have had more severe allergic reactions, such as loss of conscious-
ness, hypotension and shock, and retain positive skin tests, for longer periods of time.

CONCLUSION

In summary, although problems remain, such as prediction or selection of individuals
at potential risk for initial anaphylaxis and issues regarding duration of treatment, the
understanding and approach to treatment of individuals with insect sting allergy have
been defined and for the majority of individuals, effective treatment is available.
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INTRODUCTION

Asthma is a pulmonary disorder characterized by reversible periods of airway ob-
struction, bronchial hyperresponsiveness, and associated airway inflammation. A com-
prehensive approach to asthma therapy in children should include assessment of disease
severity and scrutiny for exacerbating factors followed by appropriate environmental
modifications as well as pharmacotherapy. Long-term successful management is
clearly linked to education of patients and their parents about asthma, proper use of
medication, and a plan of action for periods of exacerbation.

When presented with a history of chronic cough or wheezing in a child, a thorough
history and directed physical examination should reduce the differential diagnoses to
only a few considerations (see Table 1). Historically, the appearance of symptoms
shortly after birth greatly increases the likelihood of a congenital abnormality as a

From: Allergic Diseases: Diagnosis and Treatment
Edited by P. Lieberman and J. Anderson Humana Press Inc., Totowa, NJ
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Table 1
Differential Diagnosis of Asthma<

a-1 Antitrypsin deficiency
Asthma

Bronchiectasis

Bronchiolitis

Bronchopulmonary dysplasia
Congenital anomalies

Cystic fibrosis

Foreign body (nasal, tracheal, bronchial)
Gastroesophageal reflux
Laryngeal webs
Laryngotracheobronchitis
Laryngotracheomalacia

Pertussis

Pulmonary eosinophilia
Pulmonary hemosiderosis
Pulmonary hypersensitivity diseases (e.g., mold, fibers)
Pulmonary interstitial emphysema
Stenosis (tracheal, bronchial)
Toxic inhalations
Tracheoesophageal fistula

Tumor

Vascular rings

aFrom ref. 2.

source for symptoms, such as vascular rings, laryngeal webs, tracheostenosis, or bron-
chiostenosis. The abrupt onset of coughing or wheezing in a young child, often associ-
ated with eating and in the absence of concurrent airway infection, should be consid-
ered secondary to foreign body aspiration until proven otherwise. Gastroesophageal
reflux (GER) should be considered in any infant with postprandial vomiting or noctur-
nal cough, or in an older child who has associated complaints of dysphagia or heart-
burn. The combination of recurrent sinobronchitis, failure to thrive, and chronic mal-
absorption associated with chronic cough and wheezing suggests the possibility of
cystic fibrosis.

The probability of asthma as the diagnosis is greatly increased with a positive family
history for atopy or other family members with asthma. In a child with obvious asthma,
signs of atopy, including eczema, episodic urticaria, recurrent middle ear effusion, and
rhinitis, increase the probability that allergy plays a significant role in chronic airway
symptoms. It is also useful to ask about possible exacerbating factors for symptoms, in-
cluding allergens, irritants, drugs, cold air, and exercise.

There are three important elements in the evaluation of the patient with asthma: the
history, the physical examination and measurement of pulmonary function.

HISTORY

The history should uncover the evolution of symptoms over days, months, or years,
specific days of the week, and time of day, with an eye toward associations, such as sea-
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Key Features of Asthma

* Reversible airway obstruction

« Bronchial hyperresponsiveness

 Airway inflammation

« Familial tendency

* Association with allergy: children more than 2 yr of age: 80%; adults: 50%

sonality, visits to homes with pets, times of respiratory infections, and physical activity.
Is the problem episodic or continual? If episodic, how often are the episodes, and are
they truly isolated or rather acute bursts connected by more subtle symptoms of dis-
ease? Are there specific cause-and-effect associations or trigger factors? These should
be clarified so that their avoidance can be incorporated in a management plan. Have
there been emergency room visits, hospitalizations, or need for intubation and assisted
ventilation? Have these problems occurred in the face of appropriate medication, or has
the patient been undertreated?

Symptoms vary with age. The infant and young child may have histories of recurrent
bronchitis or pneumonia, persistent coughing with colds, recurrent “croup,” or just a
chronic “chest rattle.” Older children and adolescents often develop “tight” chests with
colds, recurrent “chest congestion,” “bronchitis,” or persistent coughing or wheezing.
Respiratory symptoms may be precipitated or exacerbated also by exposure to animals,
moldy or dusty areas, tobacco smoke, cold air, or by exercise.

The past medical history and review of systems often clarifies the clinical picture. If
the patient had food allergy and eczema in infancy, allergy will probably remain an im-
portant factor. One needs to inquire about such allergic manifestations as gastrointesti-
nal problems, including vomiting or diarrhea; skin conditions, such as atopic dermatitis
or hives; and the presence or absence of such factors as perennial or seasonal nasal ob-
struction, frequent respiratory and ear infections, and exercise intolerance. One needs to
ask specifically about factors that may aggravate symptoms, such as exposure to house
dust, animals, grass cuttings, and irritants, such as aerosol sprays and cigaret smoke, or
reactions to outdoor pollutants. Drug reactions are particularly important, especially
idiosyncratic or allergic reactions to antibiotics, aspirin and other nonsteroidal anti-
inflammatory drugs, bronchodilators, or antihistamines. One should also inquire about
unusual reactions to insect stings and about hospitalizations. Details about whether the
patient had previously had an allergy-related workup with studies for specific IgE iden-
tification and immunotherapy (hyposensitization), and lung function assessment should
be recorded.

The environmental history is a unique and important element in the patient with sus-
pected asthma, since many of the symptoms may be exacerbated by factors found in
the surroundings, whether home, school, day care, work, or play. The environmental
history is of importance primarily because it provides information on potential aller-
gens to which the patient is exposed, and it is the cornerstone of therapy in terms of
avoidance of specific factors that may be identified by allergy testing. In patients of all
ages, it is very important to ask about cigaret smoking or exposure to secondhand
tobacco smoke.
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PHYSICAL EXAMINATION

The physical examination may be dramatic or unrevealing. It begins with an overall
visual impression and should include at least an assessment of the head, neck, chest, and
skin, but other systems as well, if indicated by the history. If the patient is experiencing
an acute episode of airway obstruction, it is common to note anxiety, dyspnea, and in-
creased respiratory rate. There may be audible wheezing and cough. None of this is ap-
parent between acute episodes. If chronic obstruction has been long-standing, one may
see a bowing of the ribs and an increased anterior—posterior diameter, since growth and
bony remodeling will accommodate chronic pulmonary hyperinflation. On ausculta-
tion, one may notice increased expiratory phase of respiration. There may be wheezing
on expiration or on both inspiration and expiration; coarse wheezes may take on the
quality of rhonchi. Rales typically indicate parenchymal disease, however, they may
also be present if there is localized atelectasis, common with asthma. Sudden deteriora-
tion and absence of breath sounds suggest the rare complication of pneumothorax.
More common is crepitus and extrapulmonary dissection of air with apparent edema
extending upward from the chest into the neck and face owing to dissecting pneumome-
diastinum, usually a spontaneously resolving event, but one that suggests severe
obstruction.

The head and neck examination is often abnormal in patients with asthma. Children
may show evidence of middle ear disease, which may be a complication of allergic
rhinitis: middle ear fluid, otitis, or ventilating tubes. In both children and adults, the eyes
may show conjunctival edema and injection compatible with allergic disease. There
may be periorbital edema and discoloration owing to the venous and lymphatic stasis
that may accompany allergic rhinitis (so-called allergic shiners). The nose may show
the pallor, edema, and clear secretions of allergic rhinitis or erythema and purulent se-
cretion from infectious rhinitis or sinusitis. The presence of nasal polyps in children
suggests cystic fibrosis, whereas in the adolescent and adult, it suggests nonallergic
eosinophilic disease (possibly with aspirin sensitivity) that may involve the upper and
lower airway. Since sinusitis and viral upper respiratory infections both exacerbate
asthma, it is important to diagnose and treat those problems that are likely to be bacter-
ial. Skin manifestations of atopy, such as the lichenification and flexor crease rash of
atopic dermatitis (eczema), frequently precedes the onset of chronic asthma.

LABORATORY EVALUATION (SEE TABLE 2)

Lung Function Tests

Lung function tests are objective, noninvasive, and cost-effective in diagnosing and
following the patient with asthma. A simple mechanical spirometer or a Wright Peak
Flow Meter (pediatric meters are available for younger children) is useful in office prac-
tice. Children as young as 4 yr old can be taught to perform pulmonary function maneu-
vers with birthday party favors that make whistle sounds to reinforce forced expiration.
Results can be compared with normal standards.

Spirometry involves certain pitfalls, but adequate results generally can be obtained
from children over 5 yr of age. The best of three forced expiratory tracings should be
used as the best estimate of a patient’s pulmonary function. Coaching and teaching are
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Confirmation of Asthma Diagnosis

Difficult to confirm below the age of two because of “wheezing/congestion” asso-
ciated with viral infection

Asthma is a chronic condition; documentation of repeated clinical episodes of res-
piratory distress, which responds to bronchodilators, is helpful information

Office pulmonary function test results are helpful objective information after the
ageof S yr

Response to bronchodilators, which document reversible pulmonary obstruction:
FEV: 15-20%; FEF,s_75: 20-25%

« Exercise tolerance in some cases, and methacholine/histamine challenges in select
cases by a specialist may be necessary to confirm diagnosis

L]

L]

required for the patient to achieve good technique. If the curves that are generated do
not fit the clinical picture, one must look at the quality of data entry and technique be-
fore assuming that there is lung disease. Spirometry may be expressed with flow vol-
ume curves rather than time volume curves. Flow volume loops include a tracing for in-
spiratory flow. This is helpful for distinguishing extrathoracic from intrathoracic
obstruction. When patients are uncooperative or unable to learn proper spirometric
technique, body plethysmography can be used, generally available in hospital pul-
monary function laboratories.

Response to Bronchodilators

A straightforward diagnostic test for asthma is to look for an improvement in lung
function before and after administration of bronchodilators, preferably -2 agonists (in-
halation of two actuations of albuterol or equivalent by pressurized metered dose in-
haler or 0.1-0.15 mg/kg aerosol solution of albuterol [S mg maximum)], or epinephrine
injections [epinephrine hydrochloride 1:1000], 0.01 mL/kg up to a maximum dosage
0.3 mL subcutaneously). A >15% improvement in forced expiratory volume in 1 s
(FEV)) is virtually diagnostic of asthma. If there is a lack of improvement in FEV, it
does not necessarily rule out asthma. With severe airway inflammation, a 1-2 wk
course of oral corticosteroids may be necessary to demonstrate a reversible component
to airflow obstruction. With mild disease, lung function will be normal unless the pa-
tient is experiencing an exacerbation.

Exercise Tolerance Tests

In older children and adolescents, a free-running exercise tolerance test is simple to
perform and requires little equipment. One may also use a treadmill in a pulmonary
function laboratory. A fall of >15% in FEV; and in peak expiratory flow rate (PEFR) or
>25% in forced expiratory flow of 25-75% (FEF,s_75¢,) is diagnostic of exercise-
induced asthma.

Chemical Challenge Tests

Chemical challenges are valuable for the patients with presumptive asthma and/or
chronic cough where baseline pulmonary function is normal and therapeutic trials with
antiasthma medications are inconclusive. Patients with asthma have airways that are
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Table 2
Laboratory Tests in Asthma<
Possible abnormalities
Tests in asthma Comments

Complete blood count

Sputum examination

White or “clear”
and small
yellow plugs

Nasal smear

Serum tests

Sweat test

Chest X-ray

Lung function tests

Response to
bronchodilators

Leukocytosis (occasionally)

Eosinophilia (frequently)

Eosinophils

Charcot-Leyden crystals

Creola bodies
Curschmann spirals
Eosinophils

Lymphocytes, PMNs,
macrophages

PMNs with ingested
bacteria

IgG IgA, IgM

IgE

Aspergillus-precipitating
antibody

Normal in asthma

Perform to rule out cystic
fibrosis

Hyperinflation, infiltrates,
pneumomediastinum,
pneumothorax

L FEV,, | FEV2s 754,
| PEFR; FEV/FVC {
>15% improvement FEV,,
PEFR

Induced by infection,
epinephrine, administration,
“stress” (?)

Varies with medication, time of
day, adrenal function; not
necessarily related to “allergy”
(often higher in “intrinsic”
than “extrinsic” asthma)

In both “intrinsic” and
“extrinsic” asthma

Derived from eosinophils

Clusters of epithelial cells

Threads of glycoprotein

Suggests probably concomitant
nasal allergy

Sometimes replace eosinophils in
upper respiratory infections

Bacterial rhinitis or sinusitis

Often normal; may be
abnormal—various patterns
seen

Sometimes elevated in “allergic”
asthma; markedly elevated in
active bronchopulmonary
aspergillosis, often normal

Suggestive, not diagnostic of
bronchopulmonary
aspergillosis

Cystic fibrosis and asthma can
coexist

Indicated once in all patients
with asthma; should be
considered on hospitalization
for asthma

Useful for following course of
disease, response to treatment

Safest diagnostic test for asthma
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Table 2 (continued)
Laboratory Tests in Asthma“

Possible abnormalities

Tests in asthma Comments
Exercise tests Decreased lung function Useful to diagnose asthma. Often
after 6 min of exercise abnormal when resting lung

function is normal
PEFR and FEV; > 15% |
FEFys_ 759, > 25% 4

Methacholine 20% Fall in lung function Should be performed by
inhalation test with dose tolerated by specialist only
(mecholyl test); “normal” subjects
histamine inhalation
test
Antigen inhalation test 20% Fall in lung function Potentially dangerous; should be
immediately after performed by specialist only

challenge; may cause
delayed response 6-8 h

later
Allergy skin tests Identifies allergic factors Test likely factors only—select
that might be causative by history
factors
Serologic tests for IgE  Same significance as skin More expensive than skin tests
antibody (e.g., tests
RAST)
aFrom ref. 3.

overly sensitive to bronchoconstrictors. Methacholine and histamine challenges can be
performed with standardized protocols that have high specificity and sensitivity for air-
way hyperresponsiveness and asthma. Patients inhale increasing concentrations of ei-
ther of these chemical irritants according to a standardized protocol and perform
spirometry after inhaling each concentration of the drug. The challenge is complete
when FEV has dropped 20% or more from baseline or when are one completes inhala-
tion of a dosage of 25 mg/mL. A decline in FEV| of 20% indicates bronchial hyperre-
sponsiveness. When this information is melded with a supporting clinical history, the
diagnosis of asthma becomes likely. (On the other hand, a negative challenge usually
excludes asthma.)

Distilled water inhalation, eucapneic hyperventilation of cold air, and hypertonic
water inhalation are alternative challenge procedures. These are less well standardized
than methacholine and exercise challenge. Inhalation challenge of specific antigens
would seem to offer valuable diagnostic information regarding asthma triggers; how-
ever, in practice, antigen challenge has severe limitations. Antigen inhalation may pro-
duce bronchospasm in the laboratory, whereas only rhinitis occurs after natural inhala-
tion. Also, late-phase reactions are common that may occur after the patient leaves the
laboratory. All bronchial challenge tests are potentially dangerous. They should
only be performed by specialists who have had special training in their use.
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Nasal Cytology

These may be helpful in patient evaluation. The patient blows his/her nose or coughs
into plastic wrap, the secretions are applied to a glass slide, heat fixed, and stained with
Hansel’s stain, an eosin-methylene blue combination that stains eosinophils distinc-
tively. Alternatively, a tiny nasal brush or rhinoprobe device can be used to obtain a
specimen from the wall of the nasal vault. The presence of >5-10% eosinophils indi-
cates probable allergic inflammatory disease, but not necessarily asthma. The presence
of large numbers of neutrophils and bacteria suggests infection. If the problem has been
long-standing, the possibility of subacute or chronic sinusitis, which serves to aggravate
bronchial hyperresponsiveness, should be considered.

Total Serum IgE

Total serum IgE determination may be helpful at times, approx 80% of children with
allergen-induced asthma will have a total serum IgE > 2 SD deviations from the nonal-
lergic population mean. More helpful, however, is evaluation of antigen-specific IgE.

Chest X-Rays

All patients with asthma should have chest X-rays at some time to rule out parenchy-
mal disease, congenital anomaly, and foreign body. A chest X-ray should be considered
for every patient admitted to a hospital with asthma, depending on the presentation and
severity of asthma and any suspicion of complications, such as pneumonia and pneu-
mothorax (Fig. 1). Chest X-ray findings in asthma may range from normal to hyperin-
flation with peribronchial interstitial infiltrate and atelectasis. In a 3-yr study of children
hospitalized for asthma (1), the following abnormalities were seen: 76% had hyperin-
flation with increased bronchial markings; 20% had infiltrates, atelectasis, pneumonia,
or a combination of the three; and 5.4% had pneumomediastinum often with infiltrates.
Pneumothorax occurs rarely and did not occur in this study. Paranasal sinus X-rays also
should be considered in patients with persistent nocturnal coughing and rhinorrhea.

Allergy Testing

Allergy testing (skin testing or serologic testing, such as radioallergosorbent testing
or RAST) is indicated in patients in whom specific allergic factors are believed to be
important. Testing is done with extracts of selective allergens based on history and
known or potential allergen exposure. Asthma in children is frequently exacerbated by
exposure to environmental allergens. In a given patient, the same antigen-specific IgE
that can trigger inflammatory events in the airway can be detected in the skin. Antigen
applied to the skin reacts with specific mast cell-bound antibody, which induces media-
tor release. Histamine will create local vasodilation with wheal and flare within 15 min,
and a variety of chemotactic factors may create a delayed inflammatory response hours
later. Although true positive skin tests indicate that a patient has antigen-specific IgE, it
does not prove that exposure will create clinically significant disease. The predictive
value of a positive skin test is enhanced if the reactivity is intense and occurs in con-
junction with a positive provocative history.

As an alternative to allergen-specific skin tests, serum IgE against a specific antigen
can be measured with serologic tests, such as the radioallergosorbent (RAST) test. In
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Fig. 1. Massive pneumomediastinum complicating asthma (from ref. 6).

this procedure, antigens are coupled to an inert carrier, such as latex or cellulose, and
mixed with the patient’s serum, after which binding of antigen and patient’s antibody is
measured. In general, RAST is less sensitive and more expensive than skin testing. Its
use may be needed in specific situations, such as when severe skin disease or der-
matographism precludes skin testing, or when the subject is taking an agent, such as an
antihistamine, that will suppress skin tests.

THERAPEUTIC CONSIDERATION

Philosophy of Management

A comprehensive approach to treatment of asthma requires an understanding of the
disease, the manner in which patients present, and how the disease may affect physical
and psychologic growth and development. The ultimate goals are to prevent disability
and to minimize physical and psychological morbidity. These include facilitating social
adjustment of the patient with the family, school, and community, including normal par-
ticipation in recreational activities and sports. This adjustment is achieved in steps and
should begin with early diagnosis and appropriate management of acute episodes. Irri-
tant and allergic factors should be identified and eliminated from the patient’s environ-
ment. Education of the patient’s parents, the patient, or both to the long-term course of
asthma, the management of exacerbations, and the importance of ongoing therapy to
minimize acute exacerbations is an essential part of asthma treatment.

Achieving these goals requires time, knowledge, and experience. The demands on
the physician will vary depending on the severity of the disease, the age of the patient,
and the resources of the patient or family. The family physician or pediatrician who is
willing to devote the time can care adequately for the patient with mild or moderate
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Profile of a Child at Risk for Death from Asthma

Teenage male

Severe asthmatic, requiring daily medication to breathe
Often from a minority group

Noncompliant about taking daily, preventative medications
Significant psychosocial problems in the family

asthma. Allergens and irritants that may be driving this disease should be investigated
thoroughly in patients with all forms of asthma. However, the patient with moderate and
severe asthma will benefit from referral to an allergist who has the knowledge and expe-
rience to modify therapy for special situations, educate the patient about asthma, follow
the patient’s progress, and act as a comanager with the primary care physician. Such a
referral should help minimize acute attacks and the need for hospitalization or, when
hospitalization is necessary, to reduce the length of hospital stay. A team approach that
includes regular communication between the primary care physician and the specialist
is essential for consistent and comprehensive long-term care.

Compliance by patient, family, or both is the keystone of any therapy. Compliance is
influenced by many factors—the physicians’s attitude, the family’s and the patient’s un-
derstanding of the disease, and peer pressure. It is in relation to compliance that psycho-
logical factors are of overwhelming importance. The attitude of the patient toward the
disease is paramount in his or her willingness to follow the physician’s recommenda-
tions. The patient’s attitude toward asthma and the willingness to comply with recom-
mendations reflect the parents’ or peers’ attitudes toward the disease. The physician’s
guidance can prevent overprotection or neglect by helping the family of a younger child
cope with such aspects of asthma as the inconvenience of a medication schedule and en-
vironmental control. In older children, the physician should place the responsibility for
taking medication on the patient. When medication is needed in school or at play, the
patient should be permitted to take it privately without embarrassment. The physician
should aid the patient in making decisions on such activities as sports, camping trips,
traveling, and other activities when the patient is away from the home environment
while ensuring appropriate control of asthma.

Finally, when a patient fails to comply, the physician should try to find out the rea-
sons and should work out a reasonable solution, acceptable to the patient and/or the
family. Noncompliance in the face of severe disease, particularly in an adolescent,
places him or her at great risk with regard to both morbidity from the disease and
death.

ENVIRONMENTAL CONTROL

Exposure to allergen and irritants at vulnerable times may significantly increase
bronchial reactivity and adversely influence asthma control. The antigens most com-
monly implicated in chronic asthma are house dust mite, cockroaches, pet-derived anti-
genic proteins (with cat being the most common), and airborne molds and pollens. Al-
though Murray reported on the beneficial influence of bedroom dust control measures
in 1983, subsequent studies add to the information implicating dust mite antigen as a
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Important Environmental Factors in Asthma

» Allergens
 House dust mite
« Cats and dogs
 Cockroaches (inner-city)
» Mold spores
» Chemical pollutants
+ Cigaret smoke
» NO, (with poor ventilation)
¢ Ozone (outside)

major factor in asthma. Certain environmental efforts are most successful for limiting
mite antigen, but others that have been traditionally valued are not particularly helpful.

Dust mites are microscopic creatures that feed on human skin scales, require humid-
ity >50%, and tend to seek darker environments. They are found in carpets, mattresses,
and stuffed furniture in homes where the ambient climate is moderate and not too dry.
They are not removed by traditional dusting and vacuuming. Encasing mattresses in air-
tight covers, washing pillows and bedding weekly in hot water (over 130°F), and re-
moving carpeting, particularly if laid on concrete slab floors, will reduce house dust
mite levels in the home. When carpets cannot be removed, acaricides, such as benzyl
benzoate, and products that denature mite antigen, such as 3% tannic acid, sprayed on
carpet and stuffed furniture, are helpful, as is reducing humidity to <50%. Most physi-
cians concentrate efforts on education that relates to keeping the bedroom and family
area as free as possible of house dust mite antigens.

It is unfortunate that pet removal can result in major improvement in asthma symp-
toms for some highly atopic patients, but that carrying out this removal is so difficult.
Families are often unable to deal with the loss of a pet, putting asthma lower on the pri-
ority list than other psychosocial issues. If a pet to which a patient is sensitive cannot be
removed from the home, certain temporizing measures are worthwhile: keeping the pet
out of the bedroom, using tannic acid spray on carpets and furniture to denature pet anti-
gen, or considering an electrostatic or HEPA filter. Studies that have shown that a
weekly washing of cats reduces the amount of allergen deposited on carpet and furnish-
ings are now controversial. Many pet antigens are tenacious molecules that travel easily
and are difficult to eliminate from the home. The part-time indoor pet may produce the
same antigen load as the full-time indoor pet, and it may take months after the pet is re-
moved from the environment for residual allergen to decrease to nonproblematic levels.
Also, the chronic inflammatory changes that occur with asthma often prevent patients
and families from being able to appreciate improvement in asthma control with a brief
period of pet avoidance.

Cockroach antigen is a problem primarily in the eastern and southern United States.
Antigen concentration appears to be related in part to lower socioeconomic popula-
tions. Cockroach antigen may be more important than dust mite among this popula-
tion. Attempts at environmental control include removing uncovered food sources, ex-
terminating these insects, and repairing squalid and dilapidated conditions that support
infestation.
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Irritant exposure should also be limited to achieve best asthma control. Tobacco
smoke exposure has been linked to asthma exacerbations, decreased lung growth, and
age of onset of asthma. Therefore, smoking in the home should be forbidden. Wood
stove heat has been linked to increased emergency room visits for asthma and should be
avoided in favor of cleaner heating fuels. Atmospheric levels of ozone, SO,, and NO,
may be related to asthma exacerbations, although correlations are modest.

The amount of counseling that one offers concerning the environment depends
largely on historical issues, level of allergy skin test relativity, and the ability of a family
to make changes in their surroundings. The physician should offer firm counseling
regarding environmental control if it is pertinent to a specific situation and then
show flexibility when there are impasses. This approach is preferable to making an
assumption that a family will not deal with avoidance and failing to provide appropriate
information.

Home Peak Flow Monitoring

Another area of management is home peak flow monitoring, which is important in
reviewing overall asthma control. Instruction in peak flow recording draws the patient
or parent in as an active manager of his or her disease. Home peak flow monitoring is
particularly suited to a subset of patients with asthma:

1. Children with fairly severe disease who may not appreciate early deterioration because
they do not sense obstruction and hypoxemia;

2. Children whose parents are unclear about symptoms and would respond better to objec-
tive cues than to vague symptoms;

3. Children who are not communicative regarding symptoms; and

4. Children who need objective cues to spur compliance with medication regimens.

To increase the ease of monitoring, a color-coded system has evolved. A patient’s
chart contains colored forms where the “green” zone means 80—100% of best personal
peak flow rate, “yellow” is 50~79%, and “red” is below 50%. The patient is instructed
to exercise caution and use supplemental medication when in the yellow zone, and to
notify the physician for further instructions when in the red zone. Some peak flow me-
ters are color-coded, which aids the subject’s assessment.

These nonpharmacologic management techniques should be part of an ongoing edu-
cational process that involves physician, patient, family, and other health educators,
such as nurses and respiratory therapists. Education should begin with an explanation of
asthma as an inflammatory disease, including an explanation of asthma trigger factors
in and outside of the home, and should emphasize environmental control. It should
stress the importance of monitoring pulmonary function. Pharmacologic intervention
should be posed as an important element in the equation of optimal control, but not as
the sole desirable intervention.

PHARMACOLOGIC MANAGEMENT

The goal of pharmacologic therapy is to improve pulmonary function and decrease
lability in order to allow patients to have a “normal” lifestyle and to optimize lung
growth. Drugs available in the United States are noted in Table 3. Rarely should patients
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Table 3
Drugs for Management of Asthma in the United States at Current Writing*

Name Notes

B agonist bronchodilating drugs

Metaproterenol 2-3 h duration
Albuterol 4-6 h duration
Pirbuterol 4-6 h duration
Terbutaline 4-6 h duration
Bitolterol 4-6 h duration
Salmeterol 12 h duration

Nonsteroidal anti-inflammatory agents

Cromolyn sodium (ampules Begin q.i.d.—reduce gradually to b.i.d. if

and MDI) possible
Nedocromil MDI Begin q.i.d.—reduce gradually to b.i.d. if
possible

Oral corticosteroids

Prednisone (tablets/liquid)
Prednisolone (tablets/liquid)
Methyl prednisolone
Aerosolized steroids
Beclomethasone
Triamcinolone
Flunisolide
Fluticasone?
Theophylline
Various S.R. products available

Give as single morning dosage
Give as single morning dosage
Give as single morning dosage

Administer every 8-12 h
Administer every 812 h
Administer every 8-12 h
Administer every 12 h

Administer every 8-24 h

Serum levels 5-15 pg/mL therapeutic
Other agents
Anticholinergic (Ipratropium
Bromide)
Methotrexate (Antimetabolite)

May increase albuterol bronchodilation

Experimental only, no pediatric trials
performed

Prolongs half-life of Methylprednisolone, no
pediatric trials performed

Troleandomycin (TAO)
(Macrolide antibiotic)

aFrom ref. 3.
bIntroduced in the United States in 1996.

need to be satisfied with missing school or work time because of asthma, limiting phys-
ical activity, or sleeping poorly because of nocturnal exacerbations of their disease. This
optimal lifestyle requires compliance with medication as well as avoidance of environ-
mental trigger factors.

The National Heart, Lung, and Blood Institute has supported guidelines for the man-
agement of asthma that serve as an excellent foundation for treatment today. These
guidelines stress the concept of inflammation in asthma and suggest that patients who
require bronchodilator therapy more than twice a week for nonexercise-related asthma
should have chronic anti-inflammatory therapy. A schematic view (Table 4) of a step
approach to asthma care describes the ascent from simple bronchodilator to the use of
nonsteroidal or steroidal anti-inflammatory medication depending on disease severity.
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Table 4

Management of Chronic Asthma“

Classifications

Assessment
of lung function

Therapy

Mild
Asymptomatic

Symptomatic

Moderate
Asymptomatic

Symptomatic

Severe
Asymptomatic

Symptomatic

PEFR > 80% of baseline

20% Reduction in baseline

60-80% of baseline

Variation more than 30%

<60% Baseline

50% Variation

Children <5 y, nebulized cromolyn

Children >5 y to adulthood, cromolyn
or nedocromil

Children <5 y, nebulized or oral B-2
agonist

Children >5 y to adulthood, inhaled
B-2 agonist—?2 puffs every 3—4 h if
needed

Children <5 y, nebulized or inhaled -2
agonist t.i.d. or g.i.d. as needed and
nebulized cromolyn

Children > 5 y to adulthood, anti-
inflammatory agents or theophylline

Oral corticosteroid burst plus nebulized
or oral B-2 agonists

Children <5 y, nebulized cromolyn and
B-2 agonist up to q.i.d.

Children >5 y to adulthood, inhaled
-2 agonist q.i.d., inhaled
corticosteroids 2—6 puffs b.i.d. to
q.i.d.

Children, Prednisone 30—40 mg/d for
2 d, then taper to every other day
dosage that stabilizes lung function

Adults, 60 mg/d up to 1 wk, then taper

aFrom ref. 4.

APPROACHES TO CARE

Treatment of Acute Asthma

An acute exacerbation of asthma poses an urgent medical problem as noted in Table
5. The best strategy for management is early recognition. Evaluation and treatment de-
crease worsening and abort further exacerbation and respiratory compromise. Early
recognition by the patient and prompt communication between the patient and the
health care provider are essential components of the process. They allow the physician
to modify the individual patient’s medication regimen and control his or her asthma

more effectively.

The intensity of the acute attack and its outcome are influenced by a number of

factors:
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Table 5
Management of Acute Asthma®

Step

Treatment

Assessment

1. (After initial
assessment) 0—40
min

2. (FEV; > 50-70%
predicted),
40-120 min

or
(FEV| < 50%
predicted)
40-120 min

3. (FEV, > 70%)
120-180 min

or
(FEV, < 70%)
120-180 min

Inhaled (nebulized) B-2 agonist twice, then
-2 agonist every 20 min for 1 h, systemic
corticosteroids if no immediate response or
if patient is currently on or recently has
been on oral taper, oxygen 2—6 L/min
consider sc epinephrine 0.3 cc (1:1000)

If not already initiated, administer systemic
corticosteroids, continue treatment with
topical or injected -2 agonists 1-3 h if
patient is improving (inhaled -2 agonist,
sc epinephrine, or 0.3 cc 1:1000)

Inhaled -2 agonist hourly or continuous,
begin IV corticosteroids
(methylprednisolone 60-120 mg iv),
oxygen 6 L/min or as required

Consider disposition: for discharge home
Patient to continue frequent inhaled [-s
agonist every 3—4 h as needed, and a short
course of oral corticosteroids 40 mg po for
3-7 d, then either taper by 5 mg/d or give
10-20 mg po q.d. for 3-7 d; also include
patient education on treatment plan and
schedule medical followup

For poor or incomplete response; hospital
admission; consider iv aminophylline,
respiratory support with O,, continue
inhaled B-2 agonist hourly (every 3 h) or
continuously

Disposition and appropriate followup must be

determined on an individual basis; a patient

with pertinent medical history, such as

prolonged symptoms prior to visit, previous

severe exacerbations, or pertinent
psychosocial history, may require closer
observation; in addition, any suggestion of
deterioration throughout the course of
treatment with increasing pCO, merits
intensive care monitoring

Peak flow, FEV,,
FVC, physical
exam, O, sat if
warranted

Peak flow, FEV;,
FVC, physical
exam

Peak flow, FEV,,
continuous O,
sat or ABG,
physical exam
(with severe
symptoms, look
for hypoxia,
hypercarbia)

Home peak flow
monitoring

FEV,, FVC,
continuous O,
sat or ABG

aFrom ref. 4.
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. The patient’s age;

. The duration of the episode;

. Ahistory of previous life-threatening asthma exacerbations requiring hospitalization, in-
tubation, and intensive care, or complications secondary to hypoxia;

. Recent and frequent emergency room visits; and

. Either systemic corticosteroid usage or recent withdrawal from corticosteroids

W N ==
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Each patient should have available and be familiar with a “plan of action” to follow
for acute asthma exacerbations. Peak flow measurements by the patient are important in
this early assessment process and provide a more precise quantitation of airflow ob-
struction. The basic goal of treatment is to achieve a rapid reversal of airflow obstruc-
tion. The first line of therapy in this setting is repetitive inhalation of B-2 agonists. Poor
or minimal response to -2 adrenergic agonists is an indication for an emergent evalua-
tion by medical personnel. Parents or patients should be instructed to administer a 3 ag-
onist, for example albuterol, either by nebulizer at 0.1 mg/kg/dose (5 mg maximum) or
two actuations of a metered does inhaler. If the patient’s asthma is stable, these regimens
can be repeated every 20 min up to three times as needed. If the initial response to treat-
ment is good, based on PEFR >70% of the patient’s personal best, then the B agonist
should be continued every 3—4 h along with routine medications. If the patient responds
only partially, he or she or the parents should contact their health care provider without
further delay, who could initiate oral prednisone therapy at 1-2 mk/kg/dose and arrange
for the patient to be seen in an emergency care setting. A B-2 agonist may be given up to
every 2 h over the next 6 h.

When caring for a patient with acute asthma in the emergency room or clinic, the in-
teraction should begin with a quickly obtained pertinent history and physical examina-
tion. It is important to ascertain relevant environmental exposures and infectious trig-
gers, such as otitis and sinusitis.

Physical examination often reveals wheezing, accessory muscle use, and tachycar-
dia. These findings are helpful to confirm the diagnosis of acute asthma; unfortunately,
they do not reliably indicate the severity of the asthma episode. In the child under 3 yr,
one may hear only coughing or signs of croup. Objective measurements include pul-
monary functions, such as spirometry or peak expiratory flow rate. In severe asthma
with lung function <50% of predicted normal and in young children with severe symp-
toms where peak flow cannot be obtained, one should attempt pulse oximetry or arterial
blood gas measurements.

Early administration of oral or systemic corticosteroids should allow for more rapid
improvement of pulmonary function. Close monitoring of the patient during treatment
with repeated measures of lung function is essential for optimal management of the
exacerbation and directions for changes in therapy. Supplemental oxygen should be
administered to keep oxygen saturation above 95%. Nebulized albuterol should be
administered at 0.15 mg/kg/dose every 20 min (maximum 5 mg/dose) for up to 1 h.
Prednisone at a loading dose of 1-2 mg/kg should be administered orally. If the patient
responds well, B agonist therapy should continue every 4 h until symptoms and peak
flow measurements show that the patient has reached his or her normal baseline, but
can be administered every 1-2 h if lung function continues to be poor until the re-
sponse to prednisone is evident. The patient should continue prednisone therapy for at
least 4-10 d to ensure adequate anti-inflammatory benefit. Although some physicians
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Triggers of Acute Asthma in Children

Viral infections

Weather changes (especially in the fall and spring)
Exercise

Allergen exposure

Irritant exposure (e.g., cigaret smoke)

Emotional upset

will give the same total prednisone dose daily for 4 d, others will recommend a taper-
ing dose over 4-10 d. Prednisone can be used as a single morning dose or can be
divided during the day. However, the initial loading should be administered as a single
dose. Patients with peak flow rates between 40 and 70% of baseline and O, saturation
between 91 and 95% should be observed for several hours to assess response. The
more severe the obstruction, the longer that the patient needs to be watched. If the
patient continues to demonstrate severe symptoms, if poor peak flow rate continues
(<40% of predicted), or if there is diminished O, saturation (<91%) in room air, hospi-
talization should be considered. Clinical findings, including the use of accessory
muscles, presence of pulsus paradoxus, and increasing dyspnea or cyanosis, indicate
need for hospitalization.

As an alternative to nebulizer therapy, epinephrine 1:1000 can be injected sub-
cutaneously (.01 mL/kg up to 0.3 mL) repeated every 15-20 min for up to three
treatments along with supplemental oxygen. This therapy is adequate, but in-
volves the pain of injections and cardiovascular side effects of epinephrine that
are often unpleasant.

Acute Severe Asthma in Children Requiring Hospitalization

If hospitalized because he or she responds poorly, the child should be managed in a
facility where vital signs and overall condition can be monitored closely. The PEFR, O,
saturation, and degree of dyspnea should be assessed frequently. Generally, if the peak
flow is above 30% of predicted and the O, saturation is above 90% off of oxygen, the
child with moderate dyspnea can be followed in an intermediate unit.

Children with more severe airway obstruction should be admitted to an intensive
care unit and should have arterialized or arterial blood gases assessed. Supplemental
oxygen should be continued and nebulized albuterol should be administered every
15-60 min as necessary with the administration of iv fluids. However, it is important
not to overload the patient with fluids because of the danger of causing pulmonary
edema. Further doses of systemic corticosteroids should be administered as oral pred-
nisone or iv methylprednisolone or equivalent at 1-2 mg/kg/dose every 6 h. For the pa-
tient who is slow to respond, one may consider the use of iv aminophylline, although
the benefit of this is now controversial in children. A loading dose of 6 mg/kg over 20
min followed by a continuous infusion of 0.9 mg/kg/h may be administered. The load-
ing dose should be eliminated or reduced substantially if the patient has been main-
tained on therapeutic levels of theophylline pending a stat theophylline serum level.
Theophylline serum concentration should be obtained 1.5 h after the loading dose, sev-
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eral hours later, and then as indicated by the patient’s course, and should be maintained
at peak concentrations of <15 pg/mL.

If the patient fails to improve, and there are signs of respiratory failure, such as PEFR
<25% of predicted, pCO, > 45 mmHg, and a falling pH value, continuous nebulization
of a B-2 agonist should be considered. It should be noted that patients with severe
asthma usually have carbon dioxide tensions <35 mm mercury. Intravenous terbutaline
and mechanical ventilation should be considered in the child with rapidly rising pCO,
or persistent hypercarbia. Antibiotics should be used only when there are signs of bacte-
rial infection. Sedatives should be avoided, and food and fluid by mouth should be
given only when the patient is no longer at risk of requiring mechanical ventilation.

As the child improves, preparation for hospital discharge should include a medica-
tion plan with emphasis on chronic medication and a short course of prednisone. The
use of peak flow monitoring at home should be continued, and a followup clinic visit
should be planned for shortly after discharge.

COMPLICATIONS OF SEVERE ASTHMA

Complications of asthma may be pulmonary or extrapulmonary. Pulmonary compli-
cations include:

. Acute respiratory failure;

. Atelectasis;

. Pneumomediastinum and pneumothorax; and

. Superimposed infections (pneumonia, emphysema).
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Extrapulmonary complications include:

. Vasopressin excess;

. Hypokalemia;

. Flaccid paralysis of an arm or leg;

. Sudden alteration in theophylline metabolism with toxicity;
. Cardiac arrhythmia;

. Hypoxic brain damage and hypoxic seizures; and

Death.

Pulmonary and extrapulmonary factors may combine to cause acute respiratory fail-
ure, resulting in brain damage or death.
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Pulmonary Complications

RESPIRATORY FAILURE

Respiratory failure occurs in a small but significant number of patients admitted to
the hospital with status asthmaticus. It often is the result of failure by the physician, pa-
tient, or family to recognize the severity of the patient’s asthma. Clinical signs of overt
respiratory failure include decreased or absent pulmonary breath sounds, severe inter-
costal retractions, pulsus paradoxus, use of accessory muscles of respiration, cyanosis
with treatment with a final oxygen concentration (FiO,) of 40%, reduced response to
pain, poor skeletal muscle tone, and profuse diaphoresis. The use of accessory muscles
of respiration, as previously noted, is one of the early signs of respiratory failure. These
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signs indicate an extreme emergency and mandate immediate treatment for acute respi-
ratory failure.

Arterial blood gas tension and pH must be monitored frequently in a distressed pa-
tient. Impending respiratory failure cannot be diagnosed from clinical signs alone. For
example, a rise of PaCO, from 39 to 44 mmHg in 1 h in an exhausted patient who is re-
ceiving maximal therapy should be considered progressive respiratory failure and
treated as discussed previously.

ATELECTASIS

Up to one-third of all hospitalized asthmatic children have had pulmonary complica-
tions, such as pneumonia and atelectasis, and 20% have had pulmonary infiltrates in-
volving multiple lobes. Perihilar interstitial infiltrates will vary in severity from in-
creased bronchovascular markings to shaggy, diffuse peribronchial viral pneumonia.
Atelectasis of all or part of a lobe, the next most common complication, will occur in
10% of admissions. The right middle lobe is most frequently involved because of
anatomic factors, e.g., the right main stem bronchus tends to twist with hyperinflation,
resulting in its partial occlusion. Why right-middle lobe atelectasis develops more fre-
quently in girls than in boys is not clear.

The treatment of atelectasis should be conservative. In most cases, it will resolve
when the asthma is controlled. Respiratory therapy consisting of postural drainage and
clapping as tolerated clinically is helpful. Intermittent positive pressure breathing
(IPPB) therapy should be avoided, since it is likely to induce pneumomediastinum or
pneumothorax. If atelectasis persists, the presence of a foreign body, an anatomic de-
fect, or an obstructing peribronchial lymph node should be considered. Fiberoptic bron-
choscopy may be useful if a foreign body is suspected.

PNEUMOMEDIASTINUM AND PNEUMOTHORAX

In status asthmaticus, 5% of patients may develop extrapulmonary air. Shearing
forces, from coughing and bronchospasm, superimposed on hyperinflation also related
to atelectasis or pneumonia and possible structural weakness, cause air to rupture alveo-
lar bases and to dissect along blood vessel sheaths (Fig. 2). These effects result in pul-
monary interstitial emphysema. It manifests as a worsening clinical course associated
with reduced venous return, cardiac output, and blood pressure. Air dissects along the
great vessel sheaths to the mediastinum and pericardium and along the aorta to the in-
testinal wall or along the facial planes into the neck (Fig. 2). While this air remains
under high pressure, asthma symptoms worsen and precardiac dullness disappears. Air
may escape into the relatively low-pressure subcutaneous tissue of the neck and axilla,
resulting in crepitant subcutaneous emphysema.

Rarely, pneumothorax complicates childhood asthma. It may be self-limited if small,
or tension pneumothorax can occur that may severely compromise breathing. Bilateral
pneumothorax can be the cause of sudden death in asthma. Tension pneumothorax that
results from the rupture of a pleural bleb needs decompression with a chest tube and un-
derwater suction (Fig. 3). A pneumothorax secondary to air rupturing through parietal
pleura into the pleural space from a pneumomediastinum is less serious and may be
treated conservatively. Often it will clear with treatment of the asthma.
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Fig. 2. Mechanism of pneumomediastinum in acute asthma (from ref. 6).

Extrapulmonary Complications

VASOPRESSIN EXCESS (INAPPROPRIATE ADH SECRETION)
The release of ADH is regulated through such mechanisms as:

. Pain, fear, and drugs acting on higher central nervous system centers;
. Drops in arterial pressure;

3. Increases in plasma concentration (>280 mosM/L) of nondiffusible solute perfusing the
hypothalamus; and

4. Decreases in stimulation of stretch receptors in the left atrium.
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When filling of the left atrium is reduced, the vagus nerve stimulates the hypothala-
mus to secrete vasopressin. In severe asthma, vasopressin levels are elevated regardless
of the serum sodium concentrations, apparently because of the effect of severe asthma
on the pulmonary circulation. Vasopressin levels fall as the patient improves.

Criteria for the diagnosis of vasopressin excess are as follows:

1. Hyponatremia that is associated with plasma hypoosmolarity;
2. Continuing renal excretion of sodium in the presence of hyponatremia;
3. Absence of any evidence of dehydration;
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Fig. 3. Pneumothorax secondary to paroxysmal coughing in asthma (from ref. 6).

4. Urinary osmolality value that is greater than plasma osmolality value; and
5. Normal kidney and adrenal function.

The treatment of excessive vasopressin involves three general principles. First, severe
asthma must be corrected with appropriate therapy. Second, water intake and body
weight, plasma electrolyte concentration and osmolarity, and urine volume and osmolal-
ity must be monitored closely; fluid intake should be restricted to the minimal amount
compatible with control of asthma. Third, such complications as water intoxication with
seizures should be treated with hypertonic saline and furosemide. Hypertonic saline and
furosemide are rarely needed if the underlying asthma is treated successfully.

HYPOKALEMIA

Aggressive dosing with both B agonists and corticosteroids has been associated with
hypokalemia. This should be considered in the patient who requires prolonged intensive
care. The presence of arrhythmia and muscle fatigue should certainly bring this possi-
bility to mind.

NEUROMYOPATHY

In 1974, Hopkins reported 10 children with flaccid paralysis after acute asthma
severe enough to require hospitalization. The paralysis developed during the recovery
phase from asthma, and all had been immunized for poliomyelitis. In all patients,
paralysis was permanent, and involved one arm or one leg. To date, over 20 children
with this syndrome from Australia, England, Sweden, and the United States have been
reported in the medical literature, including one case of areflexic tetraplegia in a 10-yr-
old girl. Severe myopathy appears to be an element in some, but not all of these pedi-
atric cases as well as in several cases involving adults. Transient phrenic nerve paraly-
sis also has been reported in status asthmaticus, possibly as a complication of assisted
ventilation.
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CARDIORESPIRATORY ARREST WITH BRAIN DAMAGE

Permanent hypoxic brain damage owing to cardiorespiratory arrest can be a compli-
cation of severe asthma and is particularly unfortunate because it is preventable with ap-
propriate therapy. In the majority of these patients, it has been the result of the parent’s
or the physician’s failure to recognize the severity of asthma and to institute appropriate
therapy.

DEATH

Table 6 lists the causes of death associated with asthma in children. Most are poten-
tially preventable, and can be avoided with appropriate education and treatment. Never-
theless, patients with a history of assisted ventilation and severe psychosocial dysfunc-
tion are at risk of death even when optimal care appears to be in place.

MANAGEMENT OF CHRONIC ASTHMA

It is important to recognize that chronic asthma may not be obvious in its presenta-
tion. Although there may be recurrent episodes of wheezing and shortness of breath, the
presentation may be more subtle. Chronic cough may be the sole manifestation of
asthma. When cough persists after each upper respiratory infection and when exercise
tolerance diminishes markedly with each infection, asthma is a consideration. Patients
may complain of exercise intolerance and become noticeably more winded than team-
mates during sports or may choose a sedentary lifestyle. The patient with a history of
“recurrent bronchitis” or “pneumonia” may also have asthma. Both diagnoses are used
as euphemisms to diminish anxiety, which actually prevents families and patients from
dealing with the very manageable reality of asthma. Drugs useful in treatment of asthma
are noted in Table 3.

For patients with intermittent episodes of mild bronchospasm who appear to be free
of wheezing for days or weeks between problem times, intermittent therapy may be ap-
propriate. One may choose an inhaled [ agonist for children over 5 yr or an oral one for
children under 5 yr of age. An alternative for the young child is a compressor-driven
nebulizer, which can be used to provide 3-2 agonists in saline as an aerosol that can be
delivered by face mask.

Metered dose inhalers (MDIs) are effective for children above 4 yr of age and
through adulthood. As the world moves away from Freon-containing propellants, more
variations on “classic” MDIs are appearing, including breath-activated aerosol devices,
dry powder devices, and dry powder capsules for puncture and inhalation.

Holding chambers devices (e.g., Inspirease®, Aerochamber®, Ace®) used with MDIs
should be considered for two reasons: for lowering the age that MDIs are usable to
about 4 yr by decreasing the difficulty of synchronizing actuation and inhalation, and
also for increasing drug effect by improving lung deposition of drug. Some physicians
report success with an inhaled corticosteroid and an aerochamber with face mask in
small children. After each actuation, the mask is kept loosely over the child’s face, and
several inspirations and expirations are allowed before the next actuation. Usually these
children continue to use nebulizer therapy with cromolyn and a B agonist several times
daily.

With increasing incidence of symptoms, the patient requires a regular regimen. Obvi-
ous clues to this are frequent visits for emergency care and episodes that affect sleep and
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Table 6
Causes of Death From Asthma“

Failure of physician or patient to appreciate severity
Lack of objective measurements
Lack of intensified therapy
Inappropriate therapy given
Too late owing to delay by patient of physician
Too little (e.g., low steroid dose or recent
discontinuation)
Too much (e.g., B-agonists, theophylline, sedative abuse)
Progressive unresponsive asthma
Prolonged attack
Pulmonary complications
Infection (often undiagnosed)
Pneumothorax
Barotrauma
Aspirations of gastric contents
Malfunction of ventilator
Cardiac complications
Arrhythmias
Hypotension
Myocardial toxicity
Sudden cardiac arrest
Underlying cardiopulmonary disease
Hemodynamic
Hypovolemia, shock
Pulmonary edema

aFrom ref. §.

school or work attendance. The use of home peak flow monitoring may well indicate
that PEFR is chronically <80% of the patient’s best baseline, that drops of 20-30% are
taking place with some regularity, and/or that there is considerable variability between
morning and evening peak flow. At the milder end of this spectrum, patients may do
well with bronchodilator alone. However, as asthma becomes more severe, patients
should be placed on chronic anti-inflammatory therapy. Many younger patients (under
5 yr) do well with cromolyn by nebulizer, whereas patients over 5 yr can use cromolyn
by MDI and nedocromil if over 12 yr of age. Therapy usually begins with an ampule of
cromolyn or two actuations of cromolyn or nedocromil on a regular 3 or 4 times/d basis,
depending on the patient’s particular need and age. Cromolyn and nedocromil can be ta-
pered successfully to twice daily in many cases.

Nonsteroidal anti-inflammatory agents appear to prevent release of mediators from
mast cells that induce acute bronchoconstriction and chronic inflammatory airway
changes. In addition, these drugs may modulate the activity of neuropeptides and other
inflammatory molecules that upregulate airway hyperresponsiveness. Cromolyn is use-
ful as a maintenance, prophylactic agent for mild to moderate chronic asthma. In addi-
tion, cromolyn can be used intermittently to decrease exercise-induced asthma and
to prevent antigen-induced episodes. Much of the data concerning cromolyn’s anti-
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inflammatory potential are based on studies using the no-longer available 20-mg cap-
sule delivered by spinhaler device. Whether the currently available formulation by MDI
(1 mg/actuation) provides equivalent action in the recommended dosage of 2 actuations
is unclear. Cromolyn is administered by inhalation from the MDI or nebulizer. The neb-
ulizer ampule contains 20 mg/2 mL and probably provides more therapeutic efficacy
per dose than the recommended two actuations of the MDI.

Nedocromil is a pyranoquinoline that has specific anti-inflammatory effects on the
airway. It has been shown to be effective in clinical trials of children and adults with
chronic asthma. It appears to have prophylactic properties when used prior to antigen
challenge as well as a variety of other challenges, including sulfur dioxide, cold air,
and exercise. It appears to be similar to cromolyn in antiasthma potency. Whether its
onset of action is faster, whether it is more potent, and whether it has steroid-sparing
properties have not yet been determined. Approximately 13% of patients strenuously
object to its taste and refuse to use it, whereas another subset found it unpleasant but
tolerable. Nedocromil for asthma is currently available in the United States in MDI
form.

If a 1-mo trial of a nonsteroidal anti-inflammatory drug is not beneficial, aerosolized
corticosteroid therapy should be initiated. When the patient is stabilized with this, cro-
molyn or nedocromil can usually be discontinued. 3 agonist bronchodilators should be
continued. If they continue to be needed several times a day and if nocturnal asthma
continues to be a concern, the long-acting 3 agonist salmeterol can be added in hopes of
stabilizing the patient’s condition without needing a high dose of inhaled cortico-
steroid. If patients need a  agonist mainly in the day or mainly at night, salmeterol can
be used just once a day, either in the morning or evening. There may be an advantage to
avoiding 24 h a day [ agonist therapy, which could possibly increase bronchial hyper-
responsiveness.

Patients with severe asthma are those who have such problems as frequent symptoms
affecting sleep and activity, as well as emergent visits and occasional hospitalizations.
When untreated, their peak flow rates are markedly depressed and labile. These will re-
quire regular use of a  agonist and an aerosolized steroid, if the child is old enough to
use an MDI. Short-acting 3 agonist by nebulizer or MDI can be used up to every 4 h. In
patients who can use an MDI, salmeterol as a long-acting 3 drug administered at night
may prevent nocturnal asthma and may simplify the 3 agonist regimen using albuterol
as needed during the day. Children unable to use an MDI may respond to an inhaled
steroid delivered from an MDI into an aerochamber with face mask. Others may require
oral steroid therapy. If so, a short-acting drug, such as prednisone or methylpred-
nisolone, used in the morning on alternate days will minimize steroid-induced adverse
effects.

Theophylline is another bronchodilator that had great popularity in the United States
until the late 1980s. It has lost its popularity for treating asthma because it is relatively
difficult to use, safety and efficacy being related to serum levels, which must be moni-
tored regularly for optimal risk: benefit ratio. Theophylline may be used as an adjunc-
tive bronchodilator.

Essential points to know concerning theophylline are that:

1. In general, children over 1 yr and under 9 yr of age require a higher theophylline/kg dose
than do older children, nonsmoking adolescents, or adults;
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2. The ideal therapeutic range for maximizing effectiveness and decreasing adverse effects
has been modified to 5—-15 pg/mL in order to lessen risk of adverse effects; and

3. Diseases and drugs that affect the P450 cytochrome system in the liver can decrease
theophylline clearance, and febrile infections, such as influenza can markedly elevate
the serum theophylline levels.

Oral Corticosteroids

Corticosteroids are potent anti-inflammatory drugs that are available for asthma ther-
apy in oral and inhalable formulations. Steroids are used in a variety of situations:

1. Short-term, systemic oral therapy, usually in high doses is essential for treating acute
asthma exacerbations;

2. Short-term high-dose iv therapy is useful in status asthmaticus, although high-dose oral
therapy can be sometimes used in these situations;

3. Inhaled topical corticosteroids are used as chronic maintenance therapy for moderate to
severe chronic asthma; and

4. Low-dose oral daily or alternate morning therapy is used in severe asthma where inhaled
steroids have not been adequate or where children are too young to use the aerosolized
formulations.

For oral use, short half-life steroids, such as prednisone and methylprednisolone, are
preferable, since they are less likely to affect pituitary—adrenal axis function than the
longer-acting drugs.

Inhaled corticosteroids in usually recommended doses are unlikely to cause signifi-
cant systemic adverse effects, although mild complications, such as throat irritation,
hoarseness, or pharyngeal candidiasis (often asymptomatic), occur occasionally. As
these agents have become more popular for treatment of asthma and as primary care
doctors have been encouraged to become comfortable with prescribing them, there
has been more discussion of potential risks, such as growth retardation, hypothalamic—
pituitary—adrenal axis dysfunction, and possibly posterior subcapsular cataracts. With
dosages that are usual for moderate disease, e.g., 400-800 pg/d beclomethasone equiv-
alent, clinically significant adverse effects are very uncommon. Although higher dose
therapy does increase the possibility of clinically significant evidence of systemic ab-
sorption, it is less than one would expect from oral steroid dosage for equivalent disease
control.

Aerosolized agents currently available in the United States include beclomethasone
diproprionate, triamcinolone acetonide, flunisolide, and fluticasone propionate. Their
relative potency is difficult to assess. Some pharmacologists attempt to equate them on
the basis of weight per actuation: beclomethasone 50 pg, triamcinolone 100 pg, flu-
nisolide 250 pg. Since there are no direct comparative trials, these relationships are
difficult to verify. More potent inhaled steroids for asthma include fluticasone, which
has just been released, and budesonide, which is under investigation in the United
States. Budesonide is being evaluated in a dry powder formulation to be delivered by a
breath-actuated device as well as in a suspension for nebulizer delivery. The current
absence in the United States of a nebulizer aerosol preparation poses a problem in car-
ing for the very young child with severe chronic asthma. Some physicians have used
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an aerochamber spacer with a face mask for children who need inhaled steroid and
have had varying degrees of success with this delivery system.

Adding to difficulties in winning compliant behavior in the use of corticosteroids, the
US Food and Drug Administration (FDA) has added labeling to topical steroid prepara-
tions regarding possible increased risk of disseminated varicella in children who use
any systemic or topical preparation for asthma or rhinitis. The association between top-
ical steroid use and such increased risk is speculative, whereas the association between
infrequent oral steroid “bursts” for acute asthma and disseminated varicella is statisti-
cally real, but clinically remote. Now that varicella vaccine is available, children who
require these medications who have not had clinical varicella should be immunized.
The timing of this should be spaced as distantly as possible from the time of oral steroid
therapy to maximize successful immunization, several months being optimal. The ade-
quacy of immunizations can be assessed by measuring serum titers to varicella 1 mo
following immunization. Many physicians now institute treatment with oral acyclovir
when patients who are on or have recently been on oral prednisone and are not immune
are exposed to varicella. Such therapy may also be used when patients who are on in-
haled steroid develop varicella lesions.

Considering the potential risk of pituitary—adrenal axis suppression with regular use
of oral or inhaled steroids, patients who require these medications and are scheduled for
surgery or have experienced severe physical trauma are candidates for oral or parenteral
corticosteroid replacement until the high-risk situation has passed.

Allergen Immunotherapy

Immunotherapy may be used as adjunctive therapy in patients who have an IgE-
mediated component to asthma. Allergen immunotherapy has been shown to reduce
the symptoms of asthma in double-blind studies with a variety of allergens, includ-
ing house dust mite, cat dander, grass pollen, and Alternaria. Recent studies have
also shown that allergen immunotherapy reduces the late pulmonary reaction to
allergen in the lungs. Since immunotherapy modifies the allergic reaction to antigen,
it is possible that its use might be most effective if administered early in the course
of asthma. Since immunotherapy does carry risk of anaphylaxis, this approach to
therapy should be considered in very specific situations and should be carried out
by specifically trained physicians. It is very rarely indicated in children under the
age of S yr.

PSYCHOSOCIAL ISSUES

Psychosocial issues inevitably influence chronic asthma management. For best
results in caring for children, physicians must be listeners and educators. The thera-
peutic regimen should be simplified where possible to encourage compliance. Fami-
lies should be counseled periodically on giving the child responsibility for his or her
disease and its treatment without putting unrealistic expectations on those who are
too young to assume it. Educational materials available through such groups as the
Asthma and Allergy Foundation of America, Allergy and Asthma Network/Mothers
of Asthmatics, and the American Lung Association can be helpful resources to
parents and pediatric patients, as can support groups also identifiable through these
national organizations.
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GOALS

The goal of asthma therapy should be a normal lifestyle for the patient, as free of re-
strictions as possible. Usually, this can be achieved with appropriate therapy. Patients
often benefit from home peak flow monitoring, objective data being helpful to the pa-
tient (and parents) and physician. Most disability from asthma is avoidable with appro-
priate monitoring and therapy.
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INTRODUCTION

The diagnosis and treatment of asthma account for the majority of allergy outpatient
visits and virtually all inpatient referrals to the allergist. Both the overall prevalence of
asthma in the United States and the mortality rate of the disease in certain sectors of the
population are increasing. Although definitive contributors to this alarming rise in mor-
tality have yet to be identified, some experts have implicated the increasing dependence
on [3 agonists, the escalating levels of atmospheric pollutants, as well as the difficulties
accessing appropriate health care facilities (especially in inner-city locales). A height-
ened awareness and thorough understanding of the disease by the primary care physi-
cian is essential in order to facilitate prompt diagnosis and early intervention.

From: Allergic Diseases: Diagnosis and Treatment
Edited by P. Lieberman and J. Anderson Humana Press Inc., Totowa, NJ

105



106 Horwitz and Busse

Increased knowledge of the pathophysiology of asthma has led to changes in our ap-
proach to the disease. Identification of inflammatory mechanisms responsible for the
pathological changes observed in the asthmatic lung has led to the increased use of po-
tent anti-inflammatory agents. The desire to attenuate severe side effects associated
with systemic corticosteroids, as well as the development of improved drug delivery
systems, has made the inhaled corticosteroid preparations a cornerstone of therapy. Re-
cently, the availability of long-acting 3 agonists has resulted in a more balanced and less
hectic pattern of bronchodilation, a feature particularly important in the treatment of
nocturnal asthma.

The long-term care of the adult asthmatic patient constitutes a partnership between
the patient and the health care provider. As such, the role of the physician as a health ed-
ucator should not be underestimated. Care plans for asthma exacerbations should in-
clude detailed algorithms that provide patient-initiated interventions. This approach en-
courages the patient to be an active participant. Indeed, the need for hospitalization of
an asthmatic patient commonly represents a failure in some aspect of the patient’s
health care plan, and thus mandates re-examination and a possible reformulation of the
treatment plan by the patient and the physician.

This chapter will address the types of asthma commonly encountered in the primary
care setting, help identify possible triggers for the disease, and summarize pertinent
pathological and physiological features of asthma that have led to changes in treatment.
In addition, we will discuss practical approaches to the diagnosis and management of
asthma in the adult population.

DEFINITION OF ASTHMA

Asthma represents a complex syndrome of airway inflammation, reversible air-
way obstruction, and bronchial hyperresponsiveness. Although there are many dif-
ferent types of asthma that are commonly encountered in the primary care setting, these
three characteristics are always present. There is considerable variation regarding
which of the three features will predominate during an exacerbation, reflecting to some
extent differences in the trigger, the chronicity of the attack, as well as genetic differ-
ences in the disease expression. Although there are many diagnostic methods of evalu-
ating each of the three components of asthma, only a few are appropriate to the office
setting and will be discussed below.

Airway obstruction is the entity responsible for most clinical manifestations of
asthma, as well as the component of asthma most amenable to monitoring in the office
or home setting. Monitoring of the peak expiratory flow rate (PEFR) using an easy-to-
operate and inexpensive device can provide the patient and the clinician with a day-to-
day assessment of airway obstruction. Such information can be used to detect trends in
airway resistance that often herald asthmatic exacerbations. In addition, PEFR readings
can be used as a guide for patient-initiated treatment interventions, utilizing physician-
devised home health care plans. Spirometry, which enables the clinician to monitor ac-
curately and easily other aspects of pulmonary function (including FEV, g and FVC), is
a necessary element of asthma management, and should be performed on every asth-
matic patient. It is a technique that should be understood by any primary care physician
whose practice involves asthmatic patients.
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Key Features of Asthma

Reversible (but not always completely so) obstructive lung disease.

Bronchial hyperreactivity manifested by smooth muscle spasm to multiple stimuli.
Inflammation of a unique type characterized by eosinophilia.

May or may not have an allergic (IgE-mediated) component.

Bronchial hyperresponsiveness refers to an exaggerated bronchoconstrictor re-
sponse to a variety of triggers. It is this component of asthma that is referred to as the
“twitchiness” of the airways. Although the spectrum of triggers varies tremendously,
accounting for a large degree of individual variation of the disease, the resulting bron-
choconstriction is a common feature. This hyperreactive response of the bronchioles
has been the subject of intensive study, with a variety of hypothesized mechanisms pro-
posed, including airway inflammation, neural mechanisms, and intrinsic smooth mus-
cle function alterations.

Airway inflammation is the newest entity to be accepted as a component of the
asthmatic response. Although first proposed nearly 100 years ago, it is only in the past
several decades that bronchoalveolar lavage and biopsy studies of asthmatic individuals
demonstrated massive influx of inflammatory cells and their biochemical mediators
during acute exacerbations. Autopsy studies of patients who died during status asth-
maticus also corroborated these findings. Even persons with mild asthma display evi-
dence of airway inflammation. Current therapy for chronic asthma reflects this key role
of inflammation in the pathophysiology of the disease, as outlined below.

CLINICAL ASTHMA DESCRIPTORS

Clinicians have long sought to classify asthmatic patients into clinically relevant cat-
egories in order to facilitate treatment. There are only a few terms that have proven use-
ful in the clinical setting. These are based on the severity of the disease, the frequency of
exacerbations, and the degree of airway obstruction sustained. In addition, the recogni-
tion of several subtypes of asthma has led to unique diagnostic and therapeutic
approaches.

Two broad categories of asthma often used by the allergist/immunologist are extrin-
sic and intrinsic asthma. These two categories are not mutually exclusive—many pa-
tients have features of both types and are often said to have mixed asthma. These cate-
gories refer mainly to the triggers and to the mechanisms involved in development of
airway obstruction. We must remember that the end result of all types of asthma is sim-
ilar, but the path chosen to arrive there differs.
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