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Chapter 1
Introduction to Immune System

Massoud Mahmoudi

The human body is constantly exposed to a variety of external elements. These for-
eign materials find their way into the body via inhalation, ingestion, and penetra-
tion. As we inhale to get our required oxygen from the air, we also inhale fumes,
smoke, dust, pollens, particles, molds, bacteria, viruses, and their by-products.
Another way we expose our bodies to foreign invaders is through trauma and injury.
The system responsible to defend us against these foreign substances is our immune
system, and our protective status, natural or acquired, is known as immunity. The
two types of immunity are innate immunity and acquired or adaptive immunity.

Innate Immunity

Innate immunity is a natural immunity against microbes and other nonmicrobial
substances that exist before exposure to these substances. The various components
of the innate immune system are primarily activated by the recognition of a small
number of molecular patterns that are present on nearly all pathogens. This system
consists of various defensive mechanisms that work collaboratively to eliminate
foreign invaders (Table 1.1). The first defensive tool of this system is the skin, a
physical barrier that protects the body from the invasion of organisms. Bodily secre-
tions that moisturize the skin and mucous membranes also play a role in preventing

M. Mahmoudi, DO, PhD
Associate Clinical Professor, Department of Medicine, Division of General Internal
Medicine, University of California San Francisco, San Francisco, CA, USA

Adjunct Associate Professor, Department of Medicine, San Francisco College
of Osteopathic Medicine, Touro University, Vallejo, CA, USA

Adjunct Associate Professor, School of Osteopathic Medicine, Rowan University,
Stratford, NJ, USA

President, American Osteopathic College of Allergy and Immunology, Arizona, USA
e-mail: allergycure @sbcglobal.net

© Springer International Publishing Switzerland 2016 1
M. Mahmoudi (ed.), Allergy and Asthma, DOI 10.1007/978-3-319-30835-7_1


mailto:allergycure@sbcglobal.net
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Table 1.1 Features of innate and adaptive immunity

Innate Adaptive
Features immunity | immunity
Host memory to foreign antigens - +
Specificity - +
Barriers to foreign antigens: skin, mucous membranes, bodily secretions | + -
B-cell and T-cell participation - +
Cell-mediated immunity - +
Antibody production - +
NK cells + -
Phagocytosis + -

colonization of bacteria, by washing them off or destroying them. For example,
tears wash the eyes, remove the loose foreign bodies, and may destroy some organ-
isms by enzymatic reactions; sweat contains lactic acid that has an acidic pH, creat-
ing an unsuitable environment for most organisms; and gastric juices are acidic and
can destroy acid-labile organisms. In addition to skin and bodily secretions, several
other defense strategies, such as coughing, sneezing, or ciliary movements of the
respiratory epithelium, help remove foreign objects and organisms.

Another major mechanism of the innate immune system by which the body gets
rid of organisms and foreign invaders is phagocytosis. This is an engulfing mecha-
nism that host cells use to surround, engulf, and lyse materials with various hydro-
lyzing enzymes. The cells assigned to perform such activity are termed phagocytes
and consist primarily of neutrophils and macrophages. Neutrophils are multilobed
nucleated cells originating from the bone marrow, where they mature and stay for a
short while before being released into the circulation. They contain various granules
that carry destructive enzymes and chemical substances that can destroy engulfed
organisms. Macrophages are derived from monocytes, which form in the bone mar-
row and are released into circulation. These kidney-shaped nucleated cells comprise
1-6 % of all nucleated blood cells. After 1 day of circulation in the blood, they move
to various tissues; in the tissues, they are named macrophages or histiocytes.
Macrophages of different tissues are named differently, although their basic mecha-
nisms are the same. For example, the ones that reside in liver and lung tissues are
known as Kupffer cells and alveolar macrophages, respectively.

Natural Killer Cells

Viruses can infect the host cells and replicate causing general infection. To prevent
viral replication, the body needs to intervene and remove such infected cells. Natural
killer (NK) cells are large granular lymphocytes that do just that; they are members
of the innate immune system, and they function by recognizing and killing the
infected cells. NK cells also activate macrophages to kill phagocytosed microbes.
NK cells have granules that contain perforin and granzymes. Perforins create pores
in target cells, and granzymes cause apoptosis of the target cells.
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How Are Virus-Infected Cells Recognized?

Recognition of virus-infected cells relies on two sets of receptors, the inhibitory and
activating receptors on NK cells. Inhibitory receptors bind to class 1 major histo-
compatibility complex (MHC) receptors found on most normal cells; this inhibits
activation of NK cells and therefore prevents the killing of normal host cells. But
virus-infected cells decrease class 1 MHC expression, thereby eliminating the
inhibitory signal sent to the NK cells. Because NK cell activation is now unopposed,
the activating receptors can bind to and kill the virus-infected cells.

Complement System

The complements are a group of plasma proteins. They are an important part of the
innate immune system and engage in the destruction of microbes via three different
pathways: classical, alternative, and lectin pathways. Complement activation
causes inflammation and lysis of invading microorganisms (see Chap. 23).

Adaptive Immunity

Adaptive immunity, also known as acquired immunity, serves as an organism-specific
protective system. The components of this immunity retain memory of specific expo-
sures to deter against subsequent invasion of the same organisms (Table 1.1).

There are two types of adaptive immunity: humoral immunity and cell-mediated
immunity.

Humoral Immunity

This system is responsible for the production of antibodies against bacteria. The
major players of this system are B cells, a class of lymphocyte.

B Cells

B cells mature in the bursa of Fabricius in birds and in the fetal liver and bone marrow
in humans. Pluripotent stem cells differentiate in the bone marrow and give rise to
lymphocytes and other cells (Fig. 1.1). B cells comprise 10—15 % of lymphocytes. The
released mature B cells have a short lifespan of several days. Upon invasion of bacte-
ria, these cells are activated and undergo several cycles of division and proliferation,
and they give rise to two types of cells, memory B cells and effector B cells or plasma
cells. Memory B cells live for years. Their job is to remember the exposure to specific
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Fig. 1.1 Schematic differentiation of hematopoietic cells (Reproduced with permission, from
Lewis and Harriman [10])

organisms and then in subsequent encounters to expedite the recognition of and anti-
body production against these organisms. The effector B cells are in charge of anti-
body or immunoglobulin production to fight against the invading bacteria. Mature B
cells express immunoglobulins on their cell surface but do not secrete them, whereas
effector B cells produce immunoglobulins in their cytoplasm and secrete them to their
environments. The plasma cells survive for days to weeks to produce antibodies and
die thereafter, whereas memory cells survive for many years.

Cell-Mediated Immunity

This system is responsible for recognizing and destroying intracellular microbes such as
viruses, Mycobacteria, and Leishmania. The major players of this system are T cells.
They encounter and destroy infected cells by either activation of macrophages that lead
to destruction of phagocytosed microbes or by direct killing of the infected cells.
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T Cells

These cells are “thymus derived”; their precursors are originated from the bone
marrow but later they migrate to the thymus. In the thymus, T-cell precursor
cells mature and learn to recognize self from nonself and are then released into
the circulation as naive T cells. T cells represent 80 % of the lymphocytes in
peripheral blood circulation. Like B cells, on exposure to antigen, naive T cells
differentiate and give rise to effector and memory cells. Those that do not con-
front antigens eventually die by programmed cell death known as apoptosis.
The two major subsets of T cells are the T helper cells, designated as CD4+ T
cells, and cytotoxic or cytolytic T cells, designated as CD8+ T cells. These cells
are involved in interacting with intracellular organisms, for example, infected
cells (see section “Type IV: Cell-Mediated Hypersensitivity”). T cells express
antigen-specific receptors known as T-cell receptors. There are two types of
T-cell receptors; one type has o and  chains, Taf3, and the other type has y and
O chains, Tyd. These receptors are antigen specific, and T cells only recognize
those antigens that are presented by antigen-presenting cells. Antigen-presenting
cells have proteins on their surfaces known as the major histocompatibility com-
plex (MHC) that binds to the antigen. It is the combination of this complex and
the antigen that is recognized by T cells.

In addition to T-cell receptors, many surface proteins are expressed on T lympho-
cytes with assigned functions. These receptors participate in various roles, such as
antigen recognition and T-cell activation, among others.

Interaction of Antigens and Antibodies

We are vulnerable to invasion by millions of different antigens. Is our body
prepared to defend and fight against such vast numbers of structurally different
antigens? We have clones of B and T lymphocytes that have unique antigen
receptors for specific antigens; on exposure and contact to an antigen, the spe-
cific lymphocyte clones are recognized and selected, clonal selection, by the
antigen and are activated. This activation stimulates the lymphocyte clones to
proliferate, clonal proliferation, and produces high numbers of the same lym-
phocytes; this is called clonal expansion. In the next step, some of these lym-
phocytes differentiate to two groups of cells; one is the group capable of
producing antibodies, the effector B cells, and the other group is cells that do
not produce antibody but remember the antigen exposure and live for many
years, also known as memory B cells. A similar process occurs with T cells.
Some T cells become effector T cells and combat pathogens; others become
memory T cells to remember the exposure in case of future infection. The non-
differentiated cells eventually end up dying (apoptosis).
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B Cells: Responsible for the Production of Antibodies

Antibodies, also known as immunoglobulins, are glycoprotein molecules with a
distinct structure (Fig. 1.2). Each molecule is made of an identical pair of heavy
chain molecules held together by a disulfide bond and an identical pair of light
chains. A disulfide bond also holds the light and heavy chains together. Each
heavy and light chain contains a variable region (V) and a constant region (C).
The variable regions of heavy and light chains form a unique antigen-binding
site. Each antibody molecule has two such sites. Each antigen-binding site has
three hypervariable regions that are complementary to the bound antigen. What
makes each antibody unique is the structure of these hypervariable regions.
These regions are also known as complementarity-determining regions, desig-
nated as CDR1, CDR2, and CDR3. The immunoglobulins are either membrane
bound or secretory; the membrane-bound immunoglobulins act as receptors on
B cells where they recognize a specific antigen. The immunoglobulins are pro-
duced by plasma cells, also known as B lymphocytes. Immunoglobulins are
synthesized in the cytoplasm and stored in Golgi complexes. Immunoglobulin
molecules are designated as IgA, IgG, IgM, IgD, and IgE. Each immunoglobulin
molecule or isotype is unique in function and biological properties. The most
common type of immunoglobulin, IgG, has subclasses of IgG1, 1gG2, IgG3, and
IgG4, each with unique biological properties. Immunoglobulin A also has two
subclasses, designated as IgA1 and IgA2. Table 1.2 summarizes the features of
immunoglobulins.

light-chain
hypervariable
regions l

interchain l

- heavy-chain
= hypervariable
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intrachain
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depiction of an IgG bonds |
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Autoimmunity

The role of our immune system is to defend against invading microorganisms and
foreign antigens. The body is capable of differentiating between “self”” and “non-
self”’; in other words, under normal conditions, the immune system does not react
against self-antigens. This is the basis of self-folerance. When self-tolerance is
compromised, the immune system turns against itself; this response is the basis
for autoimmune disease. Autoimmunity, such as in the case of Graves’ disease, is
related to an antibody against thyrotropin receptors or T-cell autoreactivity. To
maintain self-tolerance, the autoreactive T or B cells need to be controlled by
elimination or suppression to spare autoreactivity against self. When there is a
defect in such a control system, upon activation, autoreactive T or B cells can
cause tissue injury.

Genetic predisposition plays an important role in the development of autoim-
mune diseases. The genes involved are MHC or non-MHC genes. In addition,
environmental triggers, infectious agents, and noninfectious triggers such as
drugs and loss of regulatory cells may contribute to autoreactivity. Figure 1.3
summarizes the steps proposed in the pathogenesis of autoimmune diseases. CD4
Th1 cells play the central role of T-cell tolerance. Activated autoreactive CD4 Th1
cells are able to cause cell-mediated tissue damage; they can also induce CDS§
cells and lead to tissue injury.

Genetic predisposition

MHC Eiéss Il genes

Other MHC genes
Multiple non-MHC genes I
< 1 | Environmental
\4_| factors

CD4 T cell
driving force
(autoreactive)

Non-T cell effector cells

Cell-mediated
:> organ damage

Q‘:D Autoreactive

B cells

1gG autoantibodies

Autoantibody-mediated
organ damage

CD8 T cells

Fig. 1.3 Steps involved in pathogenesis of autoimmune diseases (Reproduced with permission,
from Kotzin [5])
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T Cell-Antigen Interaction

The steps leading to T-cell-antigen interaction are as follows:

1. Antigen-presenting cells, such as monocytes, macrophages, dendritic cells, or B
lymphocytes, process foreign antigens to form peptides.

2. Peptide antigens bind to a complex of protein known as major histocompatibility

complex (MHC), either MHC I or II.

The complex is later expressed on the surface of antigen-presenting cells.

4. There are two subsets of T cells: T helper cells, designated as CD4+ T helper
cells, and cytotoxic or cytolytic T cells, designated as CD8+ T cells. CD4+ T
cells recognize and bind to the antigen—-MHC II complex, whereas CD8+ T cells
recognize and bind to the antigen—-MHC I complex of antigen-presenting cells.

5. The result of T-cell-MHC I complex interaction is the destruction of infected
cells. The result of T-cell-MHC II complex interaction is activation of CD4+ T
helper cells to promote further immune functions, such as providing stimulatory
signals to B cells to produce immunoglobulins.

O8]

T-Helper-Cell Regulation

On exposure to antigens, naive T cells activate, proliferate, and then differentiate to
T helper 1 (Thl) or T helper 2 (Th2) cells. Differentiation of activated cells to Th1
or Th2 effector cells depends on the presence of certain cytokines. For example, in
the presence of interleukin 12 (IL-12), secreted by macrophages, activated T cells
differentiate to Th1 cells, whereas in the presence of interleukin 4 (IL-4), produced
by cells such as mast cells, activated cells differentiate to Th2 cells. When one path-
way is under way, the other pathway is suppressed (Fig. 1.4). The cytokines involved
in such regulations are interferon (IFN)-y and IL-10. IFN-y produced by Th1 cells
not only promote Th1 differentiation but also inhibit the proliferation and produc-
tion of Th2 cells. In contrast, IL-10 produced by Th2 cells blocks Th1 production.

Differentiation of activated cells to Th1 or Th2 effector cells also depends on the
types of presenting antigens. For instance, intracellular bacteria such as Listeria
monocytogenes and Mycobacterium tuberculosis or certain parasites stimulate Th1l
response, whereas allergens and helminths trigger Th2 response.

Cells of the Immune System

Mast Cells

In addition to their role in defense against bacteria and parasitic invasion, mast
cells play a role in allergic responses. These important effectors of hypersensi-
tivity originate from the bone marrow and mature in tissues. There are two types
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Cross regulation of T-hel er cell _'féébp_[iSES__ R

Macrophage

Naive T cell Activated IFN i
Tcel L4 Y i Mast cell

@#

NK1.1+ T cell

Fig. 1.4 Cross-regulation of T-helper-cell responses. Stimulation of naive (THO) T cells with
antigen in the presence of IL-12 (macrophage produced) or IL-4 (produced by either NK1.1+ T
cells or mast cells) leads to a Thl or Th2 response, respectively. IFN-y production by Thl cells
inhibits the activity of IL-4, thereby limiting Th2 production. IL-10 production limits Thl
responses by blocking the production of IL-12 by macrophages. Thus, the expression of Thl and
Th2 cytokines also serves to reinforce the production of similarly differentiated T cells (Reproduced
with Permission, from Eager et al. [3])

of mast cells: the connective and the mucosal type. They have prominent nuclei
and cytoplasmic granules that contain various mediators, some preformed and
some newly synthesized. Mast cells carry high-affinity receptors on their sur-
face, namely, FceRI. These receptors have high affinity for the Fc portion of
IgE. The binding of Fc and FceRI is needed for mast cell activation (see section
“Type I: Immediate Hypersensitivity or Anaphylactic”’). Based on their cyto-
plasmic granule contents, human mast cells are divided into those that contain
tryptase only, known as MCt, and those that contain chymase, carboxypepti-
dase, and cathepsin G in addition to tryptase, known as MCtc. The MCt cells are
abundant in intestinal mucosa, lung alveolar walls, and nasal mucosa, whereas
MCtc are more abundant in the skin, intestinal submucosa, and blood vessels.
MC cells are characterized as immune system related and increased in allergic
diseases, parasitic diseases, and chronic immune deficiency diseases and
acquired immune deficiency syndrome (AIDS). The MCtc cells, in contrast, are
nonimmune system related, and their numbers do not increase in allergic or
parasitic disease or in AIDS and chronic immune deficiency. Their numbers,
however, increase in fibrotic diseases.
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Basophils

These cells are also important effector cells in hypersensitivity and comprise less
than 1 % of white blood cells; they measure 8—10 pm and stain blue with Wright’s
stain. The precursor cells of basophils are in the bone marrow, where they mature
before being released into the circulation. Like mast cells, they have a high-affinity
receptor on their surfaces, FceRI, that binds to the FC portion of IgE. Upon stimula-
tion of basophils, the contents of granules are released; like mast cells, some media-
tors are preformed and some are newly synthesized.

Eosinophils

These cells are 12—17 pm and have bilobed nuclei and cytoplasmic granules that are
unique when stained or seen under an electron microscope. Eosinophils contain
cytoplasmic primary granules that lack a core and a group of membrane-bound
specific granules that contain electron-dense crystalline cores. These granules con-
tain four major cationic proteins: major basic protein (MBP), eosinophil cationic
protein (ECP), eosinophil-derived neurotoxin (EDN), and eosinophil peroxidase
(EPO). The function of these proteins ranges from the destruction of parasites to the
killing of microorganisms and tumor cells. In addition to granule cationic proteins,
eosinophils have various lipid products, cytokines, and chemokines that participate
in various functions. Eosinophils participate in various immune functions and are
increased in parasitic infections and allergic diseases.

Defective Immune System

Deficiencies and defects in any components of the immune system can result in
immunodeficiency. The diagnosis of immunodeficiency starts with patients’ com-
plaints and a series of diagnostic evaluations. Some of these laboratory tests include
a complete blood count with differentials, immunoglobulin concentration, human
immunodeficiency virus (HIV) testing, evaluation of B- and T-cell function, NK cell
evaluation, and analysis of gene defects, among others (see Chap. 32).

Hypersensitivity Diseases

Repeated exposure of the body to an allergen makes susceptible individuals sensi-
tized to that allergen. At some time, the body may overreact and become hypersensi-
tive to the exposed allergen and cause tissue injury and damage. Diseases resulting
from this type of reaction are immunologic and known as hypersensitivity diseases.
The hypersensitivity diseases are traditionally classified in these four distinct types:


http://dx.doi.org/10.1007/978-3-319-30835-7_32
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Table 1.3 Hypersensitivity reactions

Type

Type I immediate
hypersensitivity or
anaphylactic

Type II antibody-
mediated
hypersensitivity

Type III immune
complex-related
hypersensitivity

Type IV cell
mediated

Reactions
IgE
mediated

Non-IgE
(IgG or
IgM)
mediated

Immune
complex
mediated

Cell
mediated

Mechanism

Degranulation of
mast cells and
release of histamine
and other mediators
Interaction of
antibody with cell
surface antigens
leading to
complement
activation and lysis
or phagocytosis
Autoimmune
reactions
Antibody-mediated
cytotoxicity
Formation of
immune complex
and deposition on
various sites such as
blood vessels
Secreted cytokines
from CD4+ and
CD8+ cells activate
macrophages
leading to
inflammation and
tissue injury

Direct killing of
affected cells by
CD8+ T cells

Type I: Immediate hypersensitivity or anaphylactic
Type II: Antibody-mediated hypersensitivity

Type I1I: Immune complex-mediated hypersensitivity

Type 1V: Cell-mediated hypersensitivity

Onset of
action

Minutes
to hours

Days

10-21
days

2-4 or
more
days

M. Mahmoudi

Examples

Urticaria, allergic
rhinitis, food allergy

Hemolytic anemia,
Hashimoto’s
thyroiditis,
transfusion reaction

Serum sickness;
systemic lupus
erythematosus (SLE)

Mantoux reaction,
allergic contact
dermatitis

Table 1.3 summarizes the features of a hypersensitivity reaction.

Type I: Immediate Hypersensitivity or Anaphylactic

An immediate hypersensitivity reaction occurs within minutes of exposure to an
allergen in a previously sensitized person. The reaction is a result of a chain of
events that starts with exposure to an allergen (Fig. 1.5a). These steps are summa-

rized as follows:
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Receptor for
a epsilon heavy chain

Allergen

Mast cell with IgE bound Allergen cross-links IgE Mediators (eg, histamine)
to surface; mediators on mast cell surface released from mast cells
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b Antigen 19G Seady
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I
s . + Complement  e———p- | Cell 4
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Fig.1.5 Four types of hypersensitivity diseases (Reproduced with permission, from Levinson [13]).
(a) Type I hypersensitivity (immediate or anaphylactic). (b) Type II hypersensitivity (antibody
mediated). (c) Type III hypersensitivity (immune complex-mediated). (d) Type IV hypersensitivity
(cell-mediated)
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1. Initial encounter with the allergen.
2. Binding of antigen-presenting cells (APCs) to the allergen.

3. Antigen processing by antigen-presenting cells. The result of this process is
antigen-bound MHC protein on the surface of APCs. Such cells then are capable
of binding to T cells via T-cell receptors.

4. Activation of T helper cells after binding with APCs.

5. Activation of B cells by activated T helper cells.

6. Differentiation of B cells to plasma cells.

7. Production of IgE by plasma cells.

8. Binding of IgE to mast cells (sensitization step). This binding is a result of link-

ing between Fc portions of IgE with the high-affinity Fc receptor, known as
FceRI, on the surface of mast cells.

9. Subsequent exposure to the same allergen stimulates the sensitized mast cells to
degranulate (i.e., opening the granules and releasing various mediators); the
mediators so released cause the immediate hypersensitivity reaction.

Type 11: Antibody-Mediated Hypersensitivity

This type of hypersensitivity reaction involves the interaction of non-IgE antibodies
(i.e., IgM or IgG) with cell surface antigens or matrix-associated antigens. The
mechanisms of tissue injury may involve opsonization of cells by antibody (i.e.,
binding of antibody to tissue antigen) that leads to complement activation and
phagocytosis, leukocyte activations, in which their products cause the tissue injury
(Fig. 1.5b), or by antibody-dependent cell-mediated cytotoxicity (ADCC). In this
type of reaction, the antibody binds to the infected cells. Then NK cells recognize
and bind to the antibody-coated infected cells and destroy them. A known example
of type II hypersensitivity, transfusion reaction, is briefly discussed later.

A transfusion reaction is a result of a blood transfusion from a noncompatible donor
to a receiver. This reaction may occur as a result of ABO blood group or rhesus (Rh)
factor antigen incompatibility of donor and receiver. An example is blood transfusion
from a donor with blood group A to a receiver with blood group B. Individuals with
blood group A have antigen A and anti-B serum antibody, whereas individuals with
blood group B have B antigen and anti-A serum antibody. Transfusion of blood from a
donor with blood group A to a receiver with blood group B causes rapid hemolysis of
donor blood cells. Rhesus (Rh) factor antigen is also a cause of hemolytic reactions;
this occurs when an Rh-negative mother, who lacks the Rh antigen, carries an
Rh-positive fetus. Blood crossing the placenta from the fetus to the mother can stimu-
late the mother to produce anti-Rh antibody. Maternal antibody crossing the placenta
to the fetal circulation can destroy the fetal erythrocytes. Also, during a subsequent
pregnancy, such anti-Rh antibody from a sensitized mother may cross the placenta and
cause hemolysis of the fetal red blood cells, also known as erythroblastosis fetalis.

Autoimmune reactions in which the body produces antibody against self are
also included in this type of immune reaction. Some examples include acute
hemolytic anemia, myasthenia gravis, Graves’ disease, and Hashimoto’s thyroid-
itis, to name a few.
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Immune Complex-Mediated Hypersensitivity

The diseases caused by this type of hypersensitivity are based on deposition of the
antigen—antibody complex in various anatomic sites. The ratio of antigen and anti-
body determines the amount of deposition. The deposition of antigen—antibody
complex can occur in the presence of excess antigen (Fig. 1.5¢).

The prototype of this category is “serum sickness” (see Chap. 22). The term serum
sickness originated from the initial observation of diphtheria treatment. Antibody
against diphtheria toxin was historically prepared in horses; thus subsequent adminis-
tration of such horse serum containing antitoxin was noted to cause fever, rash, arthri-
tis, vasculitis, and glomerulonephritis after 10-14 days. The depositions of
antigen—antibody complexes activate complement and eventually cause tissue injury.

Type 1V: Cell-Mediated Hypersensitivity

Type IV hypersensitivity includes diseases that are caused by T-cell-mediated reac-
tions. In delayed-type hypersensitivity, CD4+ T cells or CD8+ cells secrete cytokines
that activate macrophages and result in inflammation and tissue injury. At times,
CDS8+ T cells directly kill the affected cells. The best known example is Mantoux
reaction, which appears as an induration and erythema and is a result of the injection
of tuberculin to a sensitized individual. The reaction appears in several hours and
reaches a maximum in 2448 h. In this type of reaction, histological examination of
the lesions reveals mononuclear phagocytes and lymphocytes (Fig. 1.5d).

Allergic contact dermatitis is another example of this type of hypersensitivity.
This type of reaction occurs as a result of contact with various allergens. Some com-
mon examples include reactions caused by contact with plants such as poison oak
or poison ivy or with metals such as nickel sulfate found in jewelry. Chemicals used
in various detergents, perfumes, hair dyes, and cosmetics may also cause this type
of delayed hypersensitivity reaction. Delayed reaction may occur as early as 48 h
after initial contact and as late as 4 days or longer (see Chap. 13). Diagnosis of this
type of allergy is by patch testing (see Chap. 31). Figure 1.5 summarizes the four
types of hypersensitivity reactions.

Evidence-Based Medicine

The world of immunology is constantly changing. As we learn and explore the
unknowns, our understanding of the complex immune system changes.
Discovery of new receptors, enzymes, and cytokines helps us understand the
once unexplainable immune puzzle. What we have learned about the human
immune system in the last quarter of a century is astounding. A better under-
standing of the immune system helps us manage and treat allergic and immune
diseases more effectively.


http://dx.doi.org/10.1007/978-3-319-30835-7_22
http://dx.doi.org/10.1007/978-3-319-30835-7_13
http://dx.doi.org/10.1007/978-3-319-30835-7_31
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Thanks to continuous research in the field of allergy and immunology, we are
learning more about our immune system. A combination of basic research, observa-
tional studies, and clinical trials helps us put together the pieces of the unknown.

As we learn about the immune system, we come up with newer and better expla-
nations for the pathophysiology of allergic and immunologic diseases. For example,
many studies have shed light on the pathophysiology of allergen recognition; each
study adds to our knowledge of evidence-based medicine in understanding the com-
plicated nature of the disease.

In their 2015 report, Resch et al. demonstrated the difference in IgE recognition
of mite allergen components in asthmatic and nonasthmatic children. The authors
investigated the IgE and IgG reactivity profiles to a panel of seven house dust mite
allergens in children with allergic asthma and compared the group with those of
nonasthmatic atopic children. The result of the study revealed that the asthmatic
children with house dust mite allergy not only showed an IgE response to each of
the house dust mite allergens more frequently but recognized more allergens than
nonasthmatic children with house dust mite allergy. Although several possibilities
for such a recognition were hypothesized, the exact mechanism(s) remains unknown.
In another study by Pascal et al., molecular diagnosis of shrimp allergy was studied.
The investigators recruited shrimp-sensitized subjects and grouped them based on
the history of shrimp-allergic reactions and challenge outcome. Then they deter-
mine the IgE reactivity to recombinant crustacean allergens and IgE and IgG4 reac-
tivity to peptides. The investigators noted that individuals with a positive challenge
more frequently recognized tropomyosin and sarcoplasmic calcium-binding pro-
teins than those found tolerant to by the challenge. The authors concluded that
tropomyosin and sarcoplasmic-calcium-binding-protein sensitization is associated
with clinical reactivity to shrimp. In addition they stated that myosin light chain
testing may help in the diagnosis of clinical reactivity.

I refer you to the evidence-based medicine section of every chapter to learn more
about the recent findings and investigations of the various topics.
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Chapter 2
The History and Physical Examination
of the Allergic Patient

Sarah J. Kuhl

The history and physical (H&P) examination remain the basis for diagnosis and
treatment in allergy and immunology, and the myriad of presentations help to dis-
tinguish diseases that with allergic and immunologic etiology from others may pres-
ent in a similar way. The history and physical structures the physician’s thinking, so
that the presenting problem yields itself to a treatable diagnosis. It may involve
considerable detective work.

The allergy history and physical examination are typically focused on the par-
ticular presentation that appears to be allergic or immunodeficient.

History

The history is often focused toward one of the syndromes: rhinitis, sinusitis, asthma,
and major allergic reactions such as anaphylaxis, angioedema, systemic mastocyto-
sis, and stinging insect allergy. Most allergic and immunologic diseases were
described and diagnosed in the era prior to the availability of extensive testing or
laboratory results and thus can still be diagnosed by history and physical, with diag-
nosis subsequently confirmed by laboratory testing.

The allergy-immunology history can range from extremely thorough to very
brief, for example, in the case of acute asthma or anaphylaxis, where emergent treat-
ment is needed.

S.J. Kuhl, MD, PhD

Department of Medicine, University of California,
San Francisco: VA Northern California,

150 Muir Road, Martinez, CA 94553, USA
e-mail: sarah.kuhl@va.gov

© Springer International Publishing Switzerland 2016 19
M. Mahmoudi (ed.), Allergy and Asthma, DOI 10.1007/978-3-319-30835-7_2


mailto:sarah.kuhl@va.gov

20 S.J. Kuhl
Chief Complaint

The chief complaint typically guides the history, although occasionally a thorough
history will reveal another allergic or immunologic problem that may need to be
addressed. Many allergists use a form to elicit the initial history and physical, to
expedite care particularly in the allergic rhinitis or asthma patient. In some patients
with allergic rhinitis, the form may give adequate information, but in other cases, it
will be the beginning of an investigation.

If the physician listens carefully, the patient will typically tell one the
diagnosis.

Rhinitis and Sinusitis

While the H&P for rhinitis in the otherwise healthy patient appears to be straight-
forward, the absence of critical details such as seasonality may result in the less than
optimal treatment for perennial allergy triggers such as dust mites. In older patients,
ancillary diseases, habits, and medications may contribute or cause the presentation,
so a history of smoking may have caused nonallergic rhinitis, which may be par-
tially responsive to first-generation antihistamines, but not to second-generation
antihistamines. Sometimes the correction of hyper- or hypothyroidism leads to
improvement in rhinitis symptoms.

Sinusitis

A description of nasal secretions or change in secretions will sometimes help with
a clinical diagnosis of sinusitis. Allergic rhinitis secretions are typically clear and
watery, while thick green secretions that last for weeks can indicate sinusitis.
Patients with sinusitis will sometimes experience a sensation of fever, particularly
during hot weather, as well as pain over the maxillary sinuses or the osteomeatal
complex. History of nasal or facial fracture may reveal a source of nasal obstruction.
History of sinus surgery is typically an indication of serious problems with sinusitis
or nasal obstruction in the past.

Asthma

In the case of acute asthma, the H&P is minimal, so that treatment may proceed
simultaneously. Occasionally the patient may not be wheezing on presentation, but
the respiratory rate, heart rate, accessory muscle use, oxygenation, and peak flow all
point toward asthma, and the patient begins to wheeze with intensive beta-agonist
treatment. Peak flow should always be checked in those with suspected asthma
exacerbation.
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It is also important to remember other causes of wheezing. Unilateral wheezing
in an infant or toddler can indicate foreign body. A pneumothorax can be an occa-
sional complication of asthma that may result in unilateral wheezing, and an
obstruction such as a tumor can also cause a unilateral wheeze. Wheezing in an
older person can be due to congestive heart failure or fluid overload.

In chronic asthma, the detailed history helps differentiate asthma from such diseases
as vocal cord dysfunction, hyperventilation, restrictive lung disease, and bronchiectasis,
although all of these diseases can coexist with asthma. Some patients with cough-variant
asthma will never wheeze. There is increasing evidence that identification of the asthma
phenotype can be helpful in recommending personalized treatment. The major asthma
phenotypes are allergic, nonallergic, infection related, aspirin-associated respiratory dis-
ease (AERD), and childhood preasthma phenotype. In recent years, these have been
further classified into (1) trigger induced (including occupational, cigarette smoke
induced, air pollution induced, and exercise induced), (2) symptom based (including
exacerbation prone, asthma with persistent airflow limitation, cough variant, adult onset,
obese), and (3) biomarker based (including eosinophilic and neutrophilic). There can be
an overlap of phenotypes in the same individual. Diagnosing and treating conditions that
exacerbate asthma, such as rhinitis, sinusitis, gastroesophageal reflux disease, sleep
apnea, and obesity, often result in great improvement of asthma.

Dyspnea

Dyspnea can be caused by heart failure, mitral stenosis, COPD, asthma, diffuse
interstitial lung disease, pneumonia, spontaneous pneumothorax, acute pulmonary
embolism, and hyperventilation caused by anxiety.

Sputum production often occurs in poorly controlled asthma, but may indicate
pneumonia or even lung abscess, which may be foul smelling if anaerobic. Patients
with immunodeficiency may develop bronchiectasis, with chronic or recurrent spu-
tum production. Cystic fibrosis may also cause sputum production and should be
considered in the differential diagnosis.

In asthma and other allergic diseases, a history of hospitalizations, intubations,
emergency department visits, and courses and duration of prednisone as well as
other asthma medications is part of a thorough history.

A dry cough can be caused by an acute viral laryngitis or tracheobronchitis, by
mycoplasma or viral and bacterial pneumonias, as well as gastroesophageal reflux,
left ventricular failure, and asthma. A cough productive of sputum can be associated
with bacterial pneumonia, chronic bronchitis, bronchiectasis, tuberculosis, lung
abscess, and sometimes asthma.

Pulmonary embolus and lung cancer may have either dry or productive cough.
Allergic rhinitis and/or sinusitis with post nasal drainage can cause cough or
repeated throat clearing. Cough-variant asthma presents with cough rather than
wheeze, but can typically be confirmed by PFTs.

A history of smoking increases the likelihood of COPD or asthma-COPD over-
lap syndrome, or lung cancer.
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Skin Rash

Certain rashes help diagnose the likely etiology of a reaction. In drug allergy, the
description often helps to verify the allergy and may help determine the etiology.
Generalized erythema is common in an acute nonallergic vancomycin reaction,
commonly known as red man’s syndrome, which typically occurs within hours of
infusion, and may often be avoided by simply decreasing the rate of infusion.
Maculopapular rashes are common reactions to penicillins and cephalosporins, but
can occur with measles. Bullous lesions can denote toxic epidermal necrolysis or
Stevens-Johnson syndrome in drug allergy.

Urticarial lesions typically disappear within 24 h, but urticarial lesions that last lon-
ger, or are painful or pigmented, should be biopsied for possible urticarial vasculitis.

Allergic shiners or dark areas under the eyes are often present in patients with
chronic allergic rhinitis. Erythema surrounding the nose and eyes is often present
during uncontrolled episodes of allergic rhinoconjunctivitis.

Atopic dermatitis in flexor surfaces such as the antecubital fossa, behind the
knees, and on the neck, while the nonallergic disease, psoriasis, occurs mostly on
the knees and elbows and behind the ears. Dermatographism is often present.

Contact dermatitis occurs in location of contact with the allergen and is most
often associated with nickel in inexpensive jewelry or “German silver” or “new
silver” belt buckles. Lotions, cosmetics, and plant exposures can all cause localized
contact dermatitis.

Skin hyper- or hypopigmentation may be the residual of a rash or caused by a
superficial fungal infection, tinea versicolor, which can also cause pruritus in some
patients.

Cutaneous or systemic mastocytosis may present with urticarial pigmentosa or
other collections of mast cells. Urticaria or edema may be elicited by rubbing. Fixed
drug eruption typically presents as a single oval or round macule or plague, although
more than one may appear.

Stinging Insect Allergy If possible, the type of hymenoptera should be deter-
mined, so that testing can be detected, and cross-reactivity can be determined.
Whether the patient had large local reaction, urticaria or anaphylaxis is important to
determine.

Anaphylaxis Attempts should be made to determine the etiology particularly if
related to food (and sometimes exercise), drugs, stinging insects, etc.

Food Allergy or Intolerance Food allergy or intolerance can be assessed by his-
tory of food ingestion, timing of the reaction, and symptoms. The specific foods are
important for patient education of possible cross-reacting foods.

Itching of the throat or mouth can occur in food allergy or pollen food allergy syn-
drome. Atopic dermatitis can be a manifestation of food allergy. Eosinophilic esopha-
gitis is increasingly recognized as an important factor in many cases of GERD.
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Recurrent Infection

In recurrent infection, important elements of the history include age at onset, site
and type of infection, GI symptoms, autoimmune diseases, family history, a history
of day care, passive smoking, atopy, and anatomic defects.

Patients with antibody deficiency disorders are usually well until 6-9 months of
age because maternal immunoglobulin G is transferred during the third trimester.
After birth, levels of maternally derived IgG rapidly decline, reaching a nadir at
approximately 3—6 months, and the infant begins to produce IgG, but experiences a
normal transient hypogammaglobulinemia. An occasional infant will experience
infections consistent with antibody deficiency during this period, but subsequently
have no problems with infection. Premature infants are more likely to experience
infection during this time, due to decreased time for transfer of maternal antibody,
and a lag in the development of production of IgG.

Patients with severe combined immunodeficiency typically present earlier, at
4-5 months or earlier, and may present with diseases associated with cell-mediated
immune deficiency.

The type or site of infection, frequency, duration, and severity are important.

Otitis, mastoiditis, sinusitis, pneumonia, bronchiectasis, and meningitis can be
associated with B cell deficiencies.

Recurrent skin infections are typically associated with phagocytic defects such
as those associated with chronic granulomatous disease and hyper-IgE (formerly
Job’s) syndrome.

Normal young children may have four to six upper respiratory tract infections
per year for the first 35 years of life. Children in day care, or with school-age sib-
lings, can have more due to increased exposure. Normal children handle these infec-
tions well. Children with allergic rhinitis tend to have increased numbers of episodes
of sinusitis and otitis media, so an allergy evaluation is typically indicated. In nor-
mal children, bacterial infection typically resolves rapidly with antibiotics.

The microbiology of the infection often lends a clue. Mycobacterium avium-
intracellulare and herpesviruses including CMV and varicella are associated with T
cell deficiency, NK cell defects, and IL-12/interferon-gamma deficiencies. Patients
with T cell deficiency can also present with Candida, Aspergillus, Toxoplasma,
Pneumocystis, Cryptosporidium, or Cryptococcus infection. Enteric bacterial infec-
tions with Campylobacter, Salmonella, or Clostridium difficile can be associated
with B cell immunodeficiency, as can enterovirus or rotavirus infection or Giardia
infection. Encapsulated organisms such as Streptococcus pneumoniae, Hemophilus
influenza, or Neisseria species can indicate a B cell or complement deficiency, while
catalase-positive organisms such as Staphylococcus aureus, Burkholderia cepacia,
Klebsiella, and Serratia are often present in neutrophil or phagocyte defects.
Patients with X-linked lymphoproliferative deficiency can present with fulminant
EBYV infection.
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Review of Records

Review of records may be very helpful, especially for the patient with a history of recur-
rent infection or drug allergy. Sometimes the history of recurrent infection in a child
taken to day care may in fact be normal (one URI per month or 12 per year) and more
diagnostic of overly anxious parents. Other patients with self-reported recurrent pneu-
monia or bronchitis may in the absence of abnormal chest x-rays or documented infec-
tions have asthma. Other patients may only have recurrent upper respiratory infections
with overwork, lack of sleep, or excessive exercise and have no immune deficiency.

In the case of drug allergy, the patient may not remember many of the details of
a hospitalization, so a review of records is very helpful. In some cases, an allergy
has been entered erroneously or has been entered for all medications administered
at the time of a reaction.

Patients with a history of maculopapular rash during amoxicillin or ampicillin treat-
ment of a sore throat later found to have mononucleosis typically tolerate subsequent
treatment with the same antibiotic and so are not thought to be antibiotic allergic.

The Physical Exam in Allergy-Immunology

Although the physical exam is again tailored to the chief complaints, it is important
that it is complete enough to allow the clinician to evaluate the possible contribution
of other diagnoses.

Vital signs are part of any complete physical, but typically normal except in
asthma or severe allergic reactions where there can be increased respiratory rate,
tachycardia, and hypotension. Fever often signifies infection rather than allergy.

General Appearance Acute anaphylaxis often presents with an uncomfortable,
flushed patient. Asthma presents with shortness of breath, wheezing except in severe
asthma, and sometimes the use of accessory muscles in severe asthma. Patients with
chronic nasal obstruction are often mouth breathers.

Skin Certain rashes help diagnose the likely etiology of a reaction, so that it is
important to describe the rash as generalized or localized (with location), macular,
popular, erythematous, vesicular, bullous, etc. Dermatographism may be present. In
some cases, timing or duration of the rash helps determine the etiology.

HEENT: Head, Eyes, Ears, Nose, and Throat
Head
Paranasal Sinuses

Percussion over the maxillary and frontal paranasal sinuses may elicit a painful
response that correlates with sinusitis.
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Eyes

Allergic conjunctivitis often causes watery discharge and hyperemia or conjunctival
injection and is most often associated with allergic rhinitis.

Conjunctival injection or erythema may indicate an allergic conjunctivitis which
is typically bilateral. Occasionally, unilateral viral infection or pinkeye is mistaken
for allergy. Conjunctivitis medicamentosa may result from the chronic use of vaso-
constrictive eye drops. Conjunctiva may also be injected due to autoimmune disease
causing uveitis or a number of other conjunctival inflammatory disorders (see chap-
ter on eye allergy).

Thick mucus discharge may be indicative of infection or other pathologies. There
are a number of allergic disorders of the eye that can cause papillae and cobbleston-
ing and are described in detail in the chapter on eye allergy.

Ears

Occasionally the ears itch in allergic rhinoconjunctivitis, and evidence of scratching
the canal is evident. Tympanic membranes can be scarred or perforated from otitis
media associated with allergy or immunodeficiency.

Nose

The nose is typically examined with the largest ear speculum. Pale conjunctiva is
often associated with an allergic nose, while erythema is associated with sinusitis.
Enlarged or engorged turbinates can be due to rhinitis or sinusitis. A watery dis-
charge is typically allergic in etiology, while a thick purulent discharge often indi-
cates acute sinusitis (infection). The posterior ethmoids and sphenoids typically
drain posteriorly, so an absence of nasal drainage does not rule out sinusitis. Polyps
are glistening enlargements protruding from the turbinates. Septal deviation will
sometimes explain obstruction. Septal perforation may cause symptoms. Irritation
or bleeding of the nasal septum can indicate incorrect application of nasal steroid or
sinusitis. Sinusitis is sometimes associated with an odor of infection from the mouth
and nose. If the allergist is trained in endoscopy, further evaluation of the sinuses
and larynx may be possible, or the patient may be referred to an otolaryngologist.

Throat

Tonsils can be enlarged due to chronic sinus drainage, can have white spots indica-
tive of chronic infection or tonsiloliths, or may have been surgically removed.
Although tonsils are now typically removed only for airway obstruction,
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tonsillectomies were often performed routinely through the 1970s, so the absence of
tonsils due to past tonsillectomy in a middle-aged or elderly patient may have no
significance, in the absence of further history of infection. Tonsils and other lym-
phatic tissues are typically absent in patients with X-linked agammaglobulinemia.

The posterior pharynx can be inflamed by chronic sinus drainage or acute viral
infection. An irregular appearance known as cobblestoning may result. Sometimes
thick mucus or inflammation can be seen either unilaterally or bilaterally.

Extremely poor dentition can sometimes be the cause of maxillary sinusitis,
which can only be improved by extraction of a severely infected tooth, so dentition
should be assessed. Infected teeth can also cause a foul odor.

Neck

The neck should be palpated for lymphadenopathy, which can be associated with
acute or chronic sinusitis, mastoiditis, otitis, and tonsillitis. Chronic lymphadenopa-
thy is also associated with HIV and some immunodeficiency diseases.

Chest

Increased diameter or barrel chest can be seen due to chronic hyperinflation in
chronic asthma or COPD. Percussion of the chest is typically resonant to hyperreso-
nant in asthma and COPD. Pneumonia, pleural effusion, and atelectasis (which can
occur with mucous plugging in asthma) cause an area of dullness to percussion.

Rhonchi or Rales

Wheezing in asthma may be heard only on expiration or on both inspiration and
expiration, but is not always present in severe acute asthma or cough-variant asthma.
In addition, all wheezing is not caused by asthma, so particularly in an elderly
patient or chronically ill child, evaluation of the cardiovascular system is necessary.
Localized wheezing suggests partial obstruction of a bronchus due to tumor or for-
eign body in an infant. An inspiratory wheeze or stridor suggests a partial obstruc-
tion of the trachea or larynx that merits immediate attention. Late inspiratory
crackles are heard in heart failure and pneumonia. Faint crackles are heard in inter-
stitial lung disease.

Heart
The heart exam should include murmurs, rubs, and gallops. The presence of a new

murmur can indicate such things as pulmonary hypertension or congestive heart
failure, which can cause dyspnea.



2 The History and Physical Examination of the Allergic Patient 27

Extremities

Cyanosis is a bluish color in toes and fingertips; clubbing can occur with chronic
lung disease. Heart failure can cause edema.

Abdomen

An abdominal exam may reveal an enlarged spleen or absence of spleen in certain
immunodeficiency states. An enlarged liver or a shrunken cirrhotic liver may be
present in alcoholism or chronic hepatitis that can be associated with increased
susceptibility to infection.

Evidence-Based Medicine

The history is extremely important in allergy, as skin and in vitro testing can be
falsely positive or negative. The recent “Choosing Wisely” campaign of the
American Academy of Allergy Asthma and Immunology and the current literature
recommend not performing unproven diagnostic tests, such as an indiscriminate
battery of IgE tests (either skin or blood tests) in the evaluation of allergy. Any
extensive panel of inhalant tests may yield a number of false-positive tests, so exten-
sive panels should be avoided. Food IgE testing should not be done in the absence
of a history consistent with potential IgE-mediated food allergy, as “False or clini-
cally irrelevant positive allergy tests to foods are frequent” (Choosing Wisely
Campaign). Conversely, serological testing for IgE antibody in drug allergy has low
diagnostic sensitivity, so do not rule out drug allergy such as penicillin allergy.
Intradermal skin testing to drugs such as penicillin continues to be the diagnostic
test of choice. In addition, a positive serological or skin test for hymenoptera allergy
cannot be ignored in the setting of a positive history. It is helpful to remember to
always interpret allergy tests in the context of the history. Allergy cannot be diag-
nosed solely on the basis of skin or lab tests.

Conclusion

Often the allergic person will figure out the offending allergen with the help of the
allergist, so even the most thorough H&P will result in the patient later remember-
ing other details, or the patient will over the course of time with the help of the clini-
cian figure out the offending allergen or syndrome. There are, of course, idiopathic
causes of allergic reactions such as anaphylaxis, but these will also be diagnosed
over time through history and physical and the exclusion of other possible
diagnoses.
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In the era of personalized medicine, the allergy H&P must continue to be tailored
to the individual patient. Tests for all possible allergens do not exist, so in some
cases, the history and physical is the only means of diagnosis and avoidance of the
offending allergen leads to dramatic improvement. A thorough H&P typically leads
to a reliable diagnosis and treatment and patient satisfaction.
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Chapter 3
Prevalence of Allergic Diseases in Children,
Adults, and Elderly

Massoud Mahmoudi

Introduction

Allergic diseases affect individuals of all ages from infancy to the old age.

The incidence and prevalence of the specific disease, however, change as the
allergic individual marches toward the late adulthood. Factors affecting natural his-
tory of allergic diseases include genetic predisposition, environmental exposure,
occupational exposure, climate, infection, socioeconomic status, and most impor-
tantly physiological changes during aging (Table 3.1).

Theoretically, the same allergic disease may present in different age groups; yet,
the prevalence of a specific allergic disease may be higher in one age group and not
the other. An allergic disease in adults or elderly is either an extension of childhood
disease or, less commonly, a new incidence. The prevalence of common allergies
and correlated age groups are summarized in Table 3.2.

Allergic Rhinitis

Every year in the USA, 40 million people are affected by allergic rhinitis; this is 10-30%
of adults and up to 40% of children population (see Chap. 6). According to the 2012
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Table 3.1 Various factors affecting prevalence of allergic diseases

Factors Examples

Genetic predisposition Family history of allergic disease (e.g., allergic rhinitis)
Environmental exposure | Dust mites, molds, pollens, bee stings

Infection Viruses: upper respiratory infections (asthma exacerbations)
Physiologic changes Atopic dermatitis (less common in the elderly)

Food allergy (more common in children)
Occupational exposure Latex allergy (e.g., in health-care professionals)

Climate Cool, dry, and humid climate affects growth of certain organisms
(e.g., humidity and dust mites)

Socioeconomic status Asthma more prevalent in people with low socioeconomic status

Table 3.2 Prevalence of allergic diseases in various age groups

Allergic disease Infancy-5 years 5-20 years | 20-65 years >65 years
Atopic dermatitis +++ ++ + +
Allergic rhinitis ++ ++ ++ +
Allergic asthma + + ++ ++

Food allergy ++ + + +
Occupational allergy - + ++ +

— none, +—+++ increase of prevalence, + rare occurrence

report of National Center for Health Statistics, 6-1% of adults in 18-44, 9.7% of
45-64, 7.9 % of 65-74, and 5.4 % of 75 and over age groups are affected in the USA.

In early childhood, i.e., less than 5 years of age, allergic rhinitis symptoms are
mainly due to indoor allergens such as pet danders, dust mites, molds, and cock-
roaches. Seasonal allergies start at 3—4 years of age; this is due to the time, usually
two to three seasonal exposures, needed from sensitization to expression of the
symptoms. As one reaches the late adulthood, allergic rhinitis becomes a less com-
mon problem.

The incidence and remission of self-reported allergic rhinitis symptoms in an
adult Swedish population were subjects of an investigation. The researchers mailed
two sets of questionnaires, one in 1992 and the other in 2000. Responders, 4,280
individuals, were in 20-59 age group. Analysis of the responses indicated the
increase in prevalence of allergic rhinitis from 12.4 % in 1992 to 15 % in 2000. The
incidence of allergic rhinitis from 1992 to 2000 was 4.8 %. In 2000, 23.1 % had
remission. The highest incidence was in 20-29 age group and the highest remission
was in 50-59 age group.

Respiratory Allergy/Allergic Asthma

Asthma affects ten million adults and approximately five millions of children in the
USA alone. Only a portion of wheezers in early life becomes asthmatics as adults.
In a 2002 report by Behavioral Risk Factor Surveillance (BRFSS), lifetime asthma
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prevalence and prevalence of current asthma within 50 states (USA) and District of
Columbia were 11.8 % and 7.5 %, respectively. Current prevalence of asthma in the
same report, using analysis of data regarding racial/ethnic population in selected
areas (19 states of the USA), was highest in non-Hispanic multiracial population
(15.6 %), followed by non-Hispanic American Indian/Alaska native (11.6 %), non-
Hispanic blacks (9.3 %), non-Hispanic Whites (7.6 %), non-Hispanic persons of
“other” race/ethnicity (7.2 %), Hispanics (5.0 %), non-Hispanic Asians (2.9 %), and
non-Hispanic native Hawaiian/Pacific Islander (1.3 %).

According to early release of selected estimates based on data from the
January to June 2014 (USA), National Health Interview Survey of National
Center for Health Statistics, the prevalence of current asthma among person of
all ages was 8.1 % (age adjusted). This number for persons under 15 years old
was 9.2 %, for 15-34 years old was 8.8 %, and for 35 years old and over was
7.3 %. For both sexes combined, those who were 35 years old and over less
likely had current asthma compared to persons under age 15 and 15-34. As far
as ethnicity, the sex-adjusted prevalence of current asthma for children under
15 years old was higher among non-Hispanic black children (14.4 %) than
among Hispanic children (8.9 %) and non-Hispanic white children (7.8 %). The
sex-adjusted prevalence of current asthma for persons 15 years old and over was
6.5 % for Hispanics, 7.7 % for non-Hispanic white persons, and 8.9 % for non-
Hispanic black persons.

In order to understand the natural history of asthma, one needs to follow patients
over a long period of time. In a study reported by Lombardi and colleagues, 99
patients (mean age 31 years) with allergic rhinitis alone (44), allergic asthma alone
(12), and allergic asthma and allergic rhinitis (43) were followed for a period of
10 years. The report found that after 10 years of follow-up, 31.8 % of allergic rhini-
tis patients had developed allergic asthma, and 50 % of patients with allergic asthma
had developed allergic rhinitis. The study showed that the outcome of the disease
progression was not the same for all the individuals.

Uncontrolled asthma in young adults leads to future airway remodeling later in
adulthood. In addition, often elderly asthmatics present with picture of asthma/
chronic obstructive pulmonary disease (COPD); such patients have poorer progno-
sis and are more difficult to manage and treat than those with asthma alone (see
Chap. 30).

Food Allergy

Food allergy is the most common in infants and children. By 2-3 years of age, most
food allergies resolve while some extend to adulthood.

Cow’s milk allergy is the most common food allergy in infancy with incidence
of 2-3 % in the first year of life. Fortunately, there is a approximately 40-50 %
remission at 1 year of age and the number increases to 6075 % at 2 years and to
85-90% at 3 years of age. In some children, complete remission may take
8-10 years.
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Allergies to certain food groups such as tree nuts, peanuts, fish, and shellfish usu-
ally persist for life. While 20 % of children outgrow peanut allergy by 5 years of
age, tree nut allergy in one study was reported to have remission in 9 % of patients.

In adults and elderly, food allergy is usually an extension of childhood allergy and
a new food reaction is mostly a result of food adverse reaction and intolerance.

Atopic Dermatitis

Atopic dermatitis is a common form of allergy in children. In the first few
months of life, the motor skills of infants are not fully developed, and as a result,
they are unable to scratch themselves and cause eczematous lesions. Williams
and Strachan, using the National Child Developmental Study (NCDS), a data
base of 6877 children born in England, Wales, and Scotland during the March
3-9, 1958, analyzed the age of onset and clearance rate for examined and/or
reported eczema at ages 7, 11, 16, and 23 patients. Of the 571 children with
reported or examined eczema, 65 % had clearance at the age of 11 years and
74 % at the age of 16 years.

In adults, atopic dermatitis is usually an extension of childhood onset, but
adult onset atopic dermatitis has also been reported. In a report by Ozkaya, the
files of 376 patients with atopic dermatitis between period of June 1996 and June
2003 were analyzed. Of the patients studied, 16.8 % (63 patients) had adult onset at
age range of 18-71 years. Of the affected patients who developed atopic dermatitis,
majority (73 %) were 18-29 years, followed by 30-39 years (14.3 %), 50-59 years
(6.3 %), 4049 years (4.8 %), and 70-79 years (1.6 %). In the study, flexural involve-
ment was the main involved sites (88.9 %), whereas the trunk and extremities were
the main nonflexural involved areas. For the complete discussion of atopic dermati-
tis, see Chap. 12.

Occupational Allergy

As individual ages, occupational allergy becomes prevalent. This is because younger
adults may occupy their time with school and part-time jobs. Older adults, however,
choose to participate in various jobs in industry, manufacturing plants, and office
settings; this increases the chance of developing sensitivity and finally allergy, due
to day-to-day exposure to occupational allergens. One example is latex allergy in
those with frequent exposure to latex products. This is seen in health-care providers,
workers of toy manufacturing plants, and others who are in frequent contacts with
latex products.

Older adults retire and stop the contact with potential occupational allergens.
Occupational allergy during the active employment would likely subside after
retirement.
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As a result of finding a better habitat, the human population is constantly immigrat-
ing to a place with higher socioeconomic status. The question is whether immi-
grants have different prevalence of allergic diseases from the native population. In a
recent study, the investigators surveyed 13—14-year-old adolescent and parents/
guardians of 6—7-year-old children on prevalence of asthma, rhinoconjunctivitis,
and eczema and other information such as birth in or out of the country and age of
immigration. The survey comprised of 326,691 adolescents from 48 countries and
208,523 children from 31 countries. The investigator found out that immigration
was associated with a lower prevalence of asthma, rhinoconjunctivitis, and eczema
in both ager groups in comparison with those who were born in the country studied.
They also noted that such association was limited in high prevalence/affluent coun-
tries. In addition, as the time of stay in the host country increased, there was rapid
decrease in protective premigration environment.

In another study, the investigators studied the incidence of respiratory and aller-
gic symptoms in Italian and immigrant children. Parental questionnaire was sent to
all children of 3—14 years old (3854) who lived in the Viadana district with high
99 % response rate. The investigators noted that parental asthma, allergic rhinitis,
and eczema were less frequent in immigrant children than in Italian children. In
addition, the children born to foreign parents especially if born abroad had lower
incidence of wheezing and eczema with respect to Italian children.

The above studies shed light in factors involved in prevalence of the allergic
diseases.
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Chapter 4
Allergic Diseases of the Eye

Brett Bielory and Leonard Bielory

Physicians in all specialties frequently encounter various forms of inflammatory
diseases of the eye that present as red eyes in their general practice. However, the
eye is rarely the only target for an immediate allergic-type response (less than 5 %
of allergic patients). Typically, patients have other atopic manifestations that affect
the nose (rhinitis), sinuses (sinusitis), lungs (asthma), and skin (urticaria or eczema).
However, ocular signs and symptoms may be the initial and the most prominent
feature of the entire allergic response that patients present to their physician as
reported in 2014 in the AIRS study.

The prevalence of allergies ranges as high as 30-50% of the US population.
Industrialized countries report greater allergy prevalence, starting with the original
reports of vernal catarrh in Great Britain after the Industrial Revolution. Many theo-
ries abound about the increasing prevalence of allergies in the United States, such as
climate change, increased industrialization, pollution, urbanization, and the hygiene
theory. The combination of allergic nasal and ocular symptoms (rhinoconjunctivi-
tis) is extremely common, but it is not clear whether the two are equal (i.e., whether
rhinitis is more common than conjunctivitis or vice versa). In studies of allergic
rhinitis, allergic conjunctivitis is reported in more than 75 % of patients and in more
recent studies to be equal as a primary complaint to nasal symptoms, whereas
asthma is reported in the range of 10-20 %.
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The eye is probably the most common site for the development of allergic inflam-
mation because it has no mechanical barrier to prevent the impact of airborne aller-
gens on its surface. The nasal and ocular symptoms more appropriately called
conjunctivorhinitis or rhinoconjunctivitis depending on which target organ symptom
predominates may be perceived as a mere nuisance; their consequences can pro-
foundly affect the patient’s quality of life. Seasonal allergic rhinitis and conjunctivitis
have been associated with headache and fatigue, impaired concentration and learning,
loss of sleep, reduced productivity, somnolence, functional impairment, and increased
occupational risks for accidents or injuries secondary to sedating oral antihistamine
therapy, especially those sold over the counter. Patients with seasonal allergies appear
to suffer equally from conjunctivitis symptoms as rhinitis symptoms. However, over
50 % of patients with rhinoconjunctivitis never appreciate the impact of their ocular
symptoms until they receive specific targeted treatment to the ocular surface.

The Ocular Surface

The surface of the eye easily attracts many deposits such as allergens and other
ocular irritants. These agents are concentrated in tears and can cause allergic con-
junctivitis as well as toxic/irritant conjunctivitis. Overuse of vasoconstrictive agents
used to alleviate allergic conjunctivitis can cause conjunctivitis medicamentosa.
Uveitis, scleritis, or other systemic autoimmune disorders may also be a cause of
red eye, but are also more commonly associated with complaints of pain. The effects
of the allergic inflammatory response are mediated by the release of an array of
mediators including histamine, leukotrienes, and neuropeptides.

Clinical Examination

The history and clinical examination provide clues for the clinician to refine their
differential diagnoses for the patient suffering from chronic conjunctivitis com-
monly referred to as the “pinkeye” (Fig. 4.1). The clinical examination of the eyes
for ocular allergy should include an examination of the periorbital tissue followed
by the ocular surface. The eyelids and eyelashes are examined for the presence of
erythema on the lid margin, telangiectasias, scaling, thickening, swelling, collar-
ettes of debris at the base of the eyelashes, periorbital discoloration, blepharospasm,
and ptosis that are seen in blepharoconjunctivitis and dermatoconjunctivitis. Next,
the conjunctivae are examined for hyperemia (injection), cicatrization (scarring),
and chemosis (clear swelling). The presence or absence of discharge from the eye is
noted, as are its amount, duration, location, and color. Differentiation between
scleral and conjunctival injection must be made in the clinical examination that can
be established upon instillation of phenylephrine 2 % drop to monitor presence of
arterial blanching. Scleral injection (scleritis) tends to develop over several days and
is associated with severe intraorbital ocular pain on motion. Conjunctivitis is
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Fig. 4.1 The differential diagnosis of conjunctivitis is based on etiology of the underlying inflam-
matory response (i.e., infectious, allergic, or autoimmune); the signs and symptoms of inflamma-
tion (rubor, calor, dolor, tumor, functio laesa) can assist in honing of the etiology and provide a
more focus approach to treatment

associated with discomfort, but not pain. Scleritis commonly develops in patients
with systemic autoimmune disorders, such as systemic lupus erythematosus, rheu-
matoid arthritis, and Wegener’s granulomatosis, but it has been known to occur in
the absence of any other obvious clinical disorders. Ciliary flush is another form of
ocular injection described as a ring of erythema around the limbal junction of the
cornea that is a clinical sign for intraocular inflammation and uveitis. The bulbar
and tarsal conjunctival surface should also be closely examined for the presence of
inflammatory follicles or papillae. Follicles may be distinguished as grayish, clear,
or yellow bumps, varying in size from pinpoint to 2 mm in diameter with conjunc-
tival vessels on their surface, whereas papillae contain a centrally located tuft of
blood vessels. The cornea is rarely involved in acute forms of allergic conjunctivitis,
whereas in the chronic forms of ocular allergy, such as vernal keratoconjunctivitis
and atopic keratoconjunctivitis, the prefix kerato- reflects the common involvement
of the cornea.

The optimum examination of the cornea is with the slit-lamp biomicroscope.
However, many important clinical features may be seen with the naked eye or a
handheld direct ophthalmoscope. The direct ophthalmoscope can provide the
desired magnification by “plus” (convex) and “minus” (concave) lenses. The cobalt
blue filter on the new handheld ophthalmoscopic heads assists in highlighting ana-
tomic anomalies affecting the cornea or the conjunctiva, which has been stained
with fluorescein. The cornea should be perfectly smooth and transparent. Mucus
adhering to the corneal or conjunctival surfaces is considered pathologic. Dusting of
the cornea may indicate punctate epithelial keratitis. A localized corneal defect may
develop into erosion or a larger ulcer. A corneal plaque may be present if the surface
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appears dry and white or yellow. The limbus is the zone immediately surrounding
the cornea and normally invisible to the naked eye, but when inflamed this area
becomes visible as a pale or pink swelling. Some case reports of limbal allergy
exist. Conjunctival erythema can be measured objectively with a spectroradiometer,
which measures the chromaticity of reflected light. Erythema, edema, and itching
can be graded on a Likert scale, e.g., 0—4 scale. Edema can be measured objectively
by using a fractional millimeter reticule in the eyepiece of a slit-lamp microscope.
Discrete swellings with small white eosinophilic collections at the limbal border
(Horner-Trantas dots) are indicative of degenerating cellular debris, which are com-
monly seen in chronic forms of conjunctivitis. In addition, because the eye has thin
layers of tissue surrounding it, there is an increased tendency to develop secondary
infections that can further complicate the clinical presentation. Direct signs of
inflammation such as conjunctival injection and edema significantly correlate with
the severity of corneal complications. The height of papillae and the amount of
mucous discharge do not necessarily correlate with the severity of corneal compli-
cations, but appear to be associated with location of corneal changes.

Immunopathophysiology of Ocular Allergy

Allergic diseases affecting the eyes constitute a heterogeneous group of clinico-
pathologic conditions with a vast array of clinical manifestations that range from
simple intermittent symptoms of itching, tearing, or redness to severe sight-
threatening corneal impairment. Inflammation of the conjunctiva rather than
mechanical factors plays a greater role in the formation of corneal damage in chronic
allergic eye disease. These conditions may be considered part of an immunologic
spectrum that affects the anterior surface of the eye with a variety of disorders that
may overlap and include seasonal and perennial allergic conjunctivitis, vernal and
atopic keratoconjunctivitis (VKC, AKC), and giant papillary conjunctivitis (GPC).
In addition, tear film dysfunction, also known as dry eye syndrome, commonly
complicates ocular allergy and its treatments, especially as the age of the patient
increases. Tear film dysfunction is also included in the spectrum of IgE-mast cell
hypersensitivity conditions as it commonly overlaps with mast cell and cell-
mediated disorders, but involve different mechanisms, cytokines, and cellular popu-
lation. For example, mast cell degranulation, histamine release, and eosinophils
play key roles in the common forms of seasonal and perennial conjunctivitis associ-
ated with a TH2 lymphocyte cell population. By contrast, AKC and VKC are char-
acterized by more chronic, inflammatory cellular infiltrates, primarily composed of
CD8+ lymphocytes with minimal interplay with mast cells and note changes in
cytokine production such as TH1 lymphocyte cytokine, gamma-interferon (IFN).
Tear film dysfunction, which is a CD4+-mediated disorder, commonly complicates
ocular allergy syndromes.

Mast cell mediators, such as histamine, tryptase, leukotrienes, prostaglandins,
and cytokines in the tear fluid, have diverse and overlapping biologic effects, all of
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which contribute to the characteristic itching, redness, watering, and mucous
discharge associated with both acute and chronic allergic eye disease. Histamine
alone is involved in regulation of vascular permeability, smooth muscle contraction,
mucus secretion, inflammatory cell migration, cellular activation, and modulation
of T-cell function. Histamine is a principal mediator involved in ocular allergy and
inflammation that is derived from the human conjunctival tissue that contains
approximately 10,000 mast cells per cubic millimeter. Large amounts of histamine
are present in several mammalian ocular structures, including the retina, choroid,
and optic nerve. Histamine receptors have been found on the conjunctiva, cornea,
and ophthalmic arteries. Most ocular allergic reactions appear to be mediated
through the effects on a combination of histamine receptors (H1, H2, and poten-
tially H4) as it can induce changes in the eye similar to those seen in other parts of
the body. These include capillary dilation leading to conjunctival redness, increased
vascular permeability leading to chemosis, and smooth muscle contraction.

In more severe chronic allergy-related conditions, T cells are the key cellular
players in ocular surface impairment. Two predominant inflammatory pathways are
differentiated by the CD4+ and CD8+ cell markers, which involve different cyto-
kines and are crudely considered as antagonistic of each other when activated. In
previous reports based on conjunctival biopsies in allergic patients, cytokine profil-
ing displayed that Th2 activation occurred in VKC, whereas both CD4+ and CD8+
activations were found in AKC. However, evidence for Thl involvement has been
noted in the more severe form with expression of gamma-IFN. Historically, studies
using conjunctival biopsies or brush cytology specimens have demonstrated
increased CD8+ cytokines in SAC: IL-4 and IL-13 and an increasing awareness for
the potential involvement of IL-9. In addition, it is not rare for a patient treated for
typical seasonal allergic conjunctivitis also to develop dry eye, tear film disturbance,
Meibomian dysfunction, tear film hyperosmolarity, adverse effects from the
repeated use of toxic preservative-containing topical drugs, or contact cell-mediated
conjunctival or eyelid hypersensitivity, conditions linked to the CD4+ cascade.

The four major ocular allergies, SAC/PAC, AKC, VKC, and GPC, exhibit
increased levels of conjunctival cell adhesion molecules (CAMs) and eosinophils in
conjunctival scrapings. The tears of patients challenged with high-dose allergens
have been found to exhibit eosinophil cationic protein (ECP), which correlates with
their symptomatology. Eosinophils found in the conjunctiva of patients with VKC
are considered to be the “histologic hallmark™ of the disease. It has been suggested
that because the quantity of eosinophils correlates highly with the allergic signs and
symptoms of VKC patients, their clinical status could be represented by tear ECP
levels, which also correlate highly with the number of eosinophils. A large amount
of major basic protein (MBP) has also been found in the tears of patients with VKC
associated with the corneal ulcerations. In vitro experiments have shown that MBP
exhibits corneal toxicity and retards wound repair in corneal epithelial cells. The
number of eosinophils has also correlated with the severity of AKC with higher
levels in patients with corneal erosions and ulcers compared to those with superfi-
cial keratopathy, which suggests that eotaxin causes corneal damage in
AKC. Interestingly, patients with GPC have higher levels of eosinophilic infiltrate
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than both VKC and AKC; however, tear ECP levels in these patients are significantly
lower than tears from patients with VKC and AKC. Neutrophils and neutrophil-
derived mediators (neutrophil myeloperoxidase, elastase) are also increased in the
tears of both AKC and VKC. However, IL-8, which is a neutrophil chemoattractant,
is increased in tears from AKC but not in tears from VKC. IL-8 still plays a role in
the pathogenesis of VKC, but the response of IL-8 is enhanced in AKC. Colonization
of Staphylococcus aureus is a possible explanation for the enhancement of IL-8 in
AKC. Peptidoglycan from S. aureus has been shown to stimulate IL-8 release from
conjunctival epithelial cells and is enhanced in the presence of gamma-IFN. AKC is
a manifestation of atopic dermatitis, and 67 % of atopic dermatitis patients have
colonization with S. aureus within conjunctival sacs and eyelid margins.

Acute Allergic Conjunctivitis

Allergic conjunctivitis (AC) is a bilateral, self-limiting conjunctival inflammatory
process. AC occurs in sensitized patients with no sex difference. The most common
target organ for the mast cell IgE hypersensitivity-mediated reaction may actually be
the eye. The allergic reaction in allergic conjunctivitis is caused by direct exposure of
the ocular mucosal surfaces to environmental allergens such as pollens from trees,
grasses, and weeds. These allergens interact with the pollen-specific IgE found on
the mast cells of the eye. Of all the various pollens, ragweed has been identified as
the most common cause of “conjunctivorhinitis” in the United States. With the recent
increase of ragweed growth in Europe and the Middle East, ragweed appears to con-
tribute to approximately 75% of all cases of hay fever with prevalence varying
among different age groups in various regions of the world. Early allergy testing
revealed Timothy grass as one of the most potent ocular allergy-inducing allergens.
There are two forms of AC seasonal allergic conjunctivitis (SAC) and perennial
allergic conjunctivitis (PAC), which are defined by whether the inflammation is asso-
ciated with seasonal change (spring, fall) or perennially. Both entities share the same
inflammatory symptoms. However, seasonal allergic conjunctivitis is related to
atmospheric pollens such as grass, trees, and ragweed that appear during specific
seasons, whereas perennial allergic conjunctivitis is related to animal dander, dust
mites, or other allergens that are present in the environment continuously. A major
distinguishing feature between AC and VKC/AKC is that AC is self-limited, not
causing ocular or visual damage, while VKC and AKC can involve the cornea caus-
ing visual damage. Common conjunctival symptoms in AC include itching, tearing,
and often burning. Although involvement of the cornea is rare; blurring of vision can
occur. Clinical signs include a milky or pale pink conjunctiva with vascular conges-
tion that may progress to conjunctival swelling (chemosis). A white exudate may
form during the acute state, becoming stringy in the chronic form. Ocular signs are
typically mild; the conjunctiva frequently takes on a pale, boggy appearance that
evolves into diffuse areas of papillae (small vascularized nodules), which tend to be
most prominent on the superior palpebral conjunctiva. Occasionally, dark circles
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beneath the eyes (allergic shiners) are present, which are formed as a result of local-
ized venous congestion. The ocular reaction seen in both seasonal AC and perennial
AC often resolves quickly when the offending allergen is removed. A detailed his-
tory from the patient or family members can expedite the diagnosis of AC. A family
history of atopy or hay fever is often elicited. Both SAC and PAC are treated with
agents that combine both antihistamines and mast cell stabilizers. The rationale for
the dual treatment is rapid symptomatic relief with the antihistamine and long-term
disease-modifying benefits with mast cell stabilization.

Vernal Keratoconjunctivitis

VKC is defined as a chronic allergic disorder of the conjunctiva mediated by mast
cells and lymphocytes. There are three major forms of the disease: palpebral, lim-
bal, and mixed. VKC is most prevalent in the spring (vernal). Symptoms include
intense bilateral ocular pruritus, which is often induced by nonallergic stimuli: dust,
wind, bright light, hot weather, or physical exertion. VKC is more common in pre-
pubescent boys; however, after puberty, the sexes are equally afflicted with progres-
sive dissipation of symptoms through the third decade of life. The most remarkable
physical finding in VKC is giant papillae present on the tarsal conjunctiva, measur-
ing 7-8 mm in diameter of the upper tarsal plate, which result in the cobblestone
appearance seen on examination. Horner points and Horner-Trantas dots, thin, copi-
ous, mild-white fibrinous secretions or yellowish-white points, may be present.
Other physical findings include an extra eyelid crease (Dennie’s line), corneal shield
ulcers, or a pseudomembrane formation of the upper lid when everted and exposed
to heat (Maxwell-Lyon sign). VKC is most often bilateral; however, 5 % of patients
are affected more in one eye with severe cases causing blindness. The use of a cobalt
blue light with the application of topical fluorescein dye can reveal diffuse areas of
punctate corneal epithelial defects. These defects may progress into shield ulcers,
which are areas of desquamation of epithelial cells caused by the release of major
basic protein from eosinophilic infiltrate. More than 50 % of patients with VKC do
not report a history of atopic disease and do not show IgE sensitization, which pro-
poses that VKC is not entirely mediated by IgE, but recent studies suggest increased
local ocular sensitization to aeroallergens. VKC is characterized by infiltration of
the conjunctiva by eosinophils, basophils, mast cells, CD4+ Th2, monocytes, mac-
rophages, dendritic cells, plasma cells, and B lymphocytes organized as small lym-
phoid follicles. It is these infiltrates that cause the corneal involvement, photophobia,
foreign body sensation, and lacrimation that are present in VKC. They serve not
only as an anatomic barrier, but they are also capable of synthesizing chemokines,
most notably eotaxin, a potent CC chemokine, and RANTES (Regulated on activa-
tion, normal T cell expressed and secreted) that can modulate inflammation. It has
been noted that tarsal and bulbar conjunctival biopsy specimens with VKC have
stained positive for estrogen and progesterone receptors, thus implicating that
eosinophilic infiltrate in VKC may be influenced by these hormones.
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The treatment of VKC includes cold compress, natural tears, avoidance of any
known triggers, topical antihistamines, topical mast cell stabilizers, and periodic
use of corticosteroids for acute exacerbations. The use of FK-506 has also shown
favorable responses in VKC. In comparison to 2 % cyclosporine, FK-506 was shown
to decrease symptoms of VKC up to 26 % from baseline, and FK-506 was not asso-
ciated with the persistent burning sensation described with 2% cyclosporine.
Montelukast treatment of asthma patients with coexisting VKC resulted in decreased
hyperemia, secretion, chemosis, burning, tearing, and photophobia. The benefits
persisted 15 days after discontinuation of treatment, thus suggesting a role for leu-
kotrienes in VKC with coexisting asthma. The plaques associated with VKC that
can be caused by eosinophilic infiltrate may be removed by superficial keratectomy
with possible reepithelialization of the cornea. Potential future treatments for VKC
are targeting immunobiologicals targeting cytokine receptor antagonists to inhibit
inflammation of the conjunctiva.

Atopic Keratoconjunctivitis

AKC is a bilateral, chronic mast cell and lymphocyte-mediated allergic disorder
involving the conjunctiva, eyelids, and periorbital tissue often associated with a family
history of atopy, eczema, and asthma. Approximately 15-40 % of patients with atopic
dermatitis also have ocular involvement due to AKC. Patients often have atopic der-
matitis and/or eczema from childhood and develop the ocular symptoms of AKC later
in life, but pediatric and adolescent cases do occur. Primary care physicians should
expect to see approximately 25 % of their elderly patients who have eczema to develop
some components of AKC. It more commonly presents in individuals older than
50 years. There is no racial or geographical preference. AKC can cause disabling
symptoms including blindness when the cornea is involved. Ocular symptoms of
AKC are similar to the cutaneous symptoms of eczema, including intense pruritus and
edematous, coarse, and thickened eyelids. Severe AKC is associated with complica-
tions such as blepharoconjunctivitis, cataract, corneal disease, and ocular herpes sim-
plex, ropelike mucus discharge, tylosis, and Meibomian gland dysfunction. The
symptoms of AKC commonly include itching, burning, and tearing that are more
severe than those seen in allergic conjunctivitis or perennial allergic conjunctivitis.
The symptoms of AKC also tend to be present throughout the year and are associated
with seasonal exacerbations, especially in the winter and summer months. AKC can
be exacerbated by other allergic triggers, e.g., animal dander, dust, and certain foods.
The chronicity of AKC and corneal infiltration are due to T-cell involvement. However,
unlike vernal keratoconjunctivitis, which has a T helper cell type 2 profile, AKC is
associated with a mixture of both T helper cell type 1 and 2. Of note, mast cells and
eosinophils are found in conjunctival epithelium of AKC patients but not in patients
not afflicted with AKC. Ocular disease activity in AKC correlates with exacerbations
and remissions of the dermatitis. AKC-associated cataracts occur in approximately
10 % of patients with the severe forms of atopic dermatitis but are especially prone to
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occur in young adults approximately 10 years after the onset of the atopic dermatitis.
A unique feature of AKC cataracts is that they predominantly involve the anterior por-
tion of the lens and may evolve rapidly into complete opacification within 6 months.
AKC patients may also develop posterior polar-type cataracts due to the prolonged
use of topical or oral corticosteroid therapy. A small percentage of patients with atopic
dermatitis also develop keratoconus, a conical protrusion of the cornea caused by thin-
ning of the stroma. Retinal detachment is increased in patients with AKC; however, it
is also increased in patients with atopic dermatitis in general. An association has been
found between exacerbations and specific microorganisms such as S. aureus and kera-
toconjunctivitis with specific IgE antibody to staphylococcal enterotoxin in tears of
patients with VKC and AKC. Treatment for AKC involves corticosteroids, antihista-
mines, and mast cell stabilizers as well as treatment of any features of atopic dermati-
tis. The clinician should use antihistamines with caution in elderly patients because
they cause increase drying of the conjunctival surface.

Giant Papillary Conjunctivitis

GPC is not a true ocular allergy, but rather the result of chronic mechanical irrita-
tion. Many of the features of GPC mimic other ocular hypersensitivity syndromes.
GPC is even noted to have an increase in symptoms during the spring pollen season.
Therefore, it is included in the differential diagnosis of ocular allergy. GPC has an
association with extended-wear soft contact lenses and other foreign bodies, such as
suture materials and ocular prosthetics. Lens-induced papillary conjunctivitis may
develop 3 weeks after using soft contact lenses. Patients who wear rigid or hard
contacts may develop symptoms of GPC within 14 months from the onset of wear.
The pathogenesis of GPC is due to mechanical trauma followed by repeat immuno-
logic presentation of foreign antigens, most often surface deposits or environmental
agents. The signs of GPC include a white or clear exudate on awakening, which
chronically becomes thick and stringy. The patient may develop papillary hypertro-
phy (cobblestoning), especially in the tarsal conjunctiva of the upper lid, which is
more common in patients that wear soft contact lenses than hard contact lenses,
5-10% versus 4 %, respectively. The contact lens polymer preservatives, such as
thimerosal, and proteinaceous deposits on the surface of the lens have all been
implicated in the cause of GPC. Common symptoms include intense itching,
decreased tolerance to contact lens wear, blurred vision, conjunctival injection, and
increased mucus production. Patients wearing contact lenses produce local anti-
genic factors that can trigger eotaxin production, which acts as a chemoattractant
for eosinophils. The eosinophils then release major basic protein and toxic media-
tors causing the papilla formation. The treatment for GPC involves corticosteroids,
antihistamines, mast cell stabilizers, and frequent enzymatic cleaning of the lenses
or changing of the lens polymers. Disposable contact lenses have been proposed as
an alternative treatment. GPC usually resolves when the patient stops wearing con-
tact lenses or when the foreign body is removed from the eye.
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Dry Eye Syndrome (Tear Film Dysfunction)

Dry eye syndrome (DES), also known as tear film dysfunction, develops from
decreased tear production, increased tear evaporation, increased tear osmolarity, or
an abnormality in specific components of the aqueous, lipid, or mucin layers that
compose the tear film. DES is associated with atopy, female gender, and chronic
medication use, including hormone replacement therapy. DES affects over 14 mil-
lion people in the United States. Symptoms of DES are typically vague and include
foreign body sensation, easily fatigued eyes, dryness, burning, itching, ocular pain
photophobia, and blurry vision. Many symptoms overlap other forms of ocular
allergy. Upon the onset of DES, patients complain of a mildly injected eye with
excessive mucus production and gritty sensation, as compared with the itching and
burning feeling that many patients report with allergy-associated histamine release
onto the conjunctiva. Symptoms tend to be worse late in the day, after prolonged use
of the eyes or exposure to adverse environmental conditions. DES has significant
economic implications, including costs associated with increased health-care utili-
zation, missed school and work, and leisure and quality-of-life issues. Although dry
eye may occur as a distinct disorder resulting from intrinsic tear pathology, it is
more frequently associated with other ocular and systemic disorders, including ocu-
lar allergy, chronic blepharitis, fifth or seventh nerve palsies, vitamin A deficiency,
pemphigoid, and trauma. DES is a frequent confounding disorder that may compli-
cate ocular allergic disease with several overlapping signs and symptoms, such as
tearing, injection, and exacerbation. As the cornea becomes involved, the symptom
progress to include photophobia as well as more scratchy and painful sensations.
DES and ocular allergy conditions are not exclusive; as patients age, the likelihood
of tear film dysfunction complicating ocular allergy increases. A more systemic
form of DES, associated with systemic immune diseases such as Sjogren’s syn-
drome, rheumatoid arthritis, and HIV infection, is commonly known as keratocon-
junctivitis sicca and can be a symptom in postmenopausal women. The most
common cause of DES is associated with the use of anticholinergic medications,
which decrease lacrimation. Drugs with antimuscarinic properties include the first-
generation antihistamines, phenothiazines, tricyclic antidepressants, atropine, and
scopolamine and even newer antihistamine agents, such as loratadine and cetirizine.
Other agents associated with a sicca syndrome include the retinoids, f-blockers, and
chemotherapeutic agents. Tear film dysfunction is also associated with several phar-
macologic agents, including antihistamines, anticholinergics, and certain psycho-
tropic agents. Patients often note that their symptoms are exacerbated in the winter
when heating systems decrease the relative humidity in the household to less than
25 %. The Schirmer test is used to diagnose DES. The test demonstrates decreased
tearing (0—1 mm of wetting at 1 min and 2-3 mm at 5 min). Normal values for the
Schirmer test are more than 4 mm at 1 min and 10 mm at 5 min. Tear osmolarity
measurements also provide a qualitative assessment of tears as increased salt con-
centrations (increased osmolarity) correspond with severity of DES. Treatments for
DES include addressing the underlying pathology, discontinuing the offending drug
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(if possible), and making generous use of artificial tears or ocular lubricants. Topical
cyclosporine (Restasis™) has been approved by the US Food and Drug
Administration for the treatment of DES. For severe symptoms, insertion of punc-
tual plugs may be indicated.

Contact Dermatitis of the Eyelids

Contact dermatoconjunctivitis is a delayed type of lymphocytic hypersensitivity
reaction involving the eyelids and the conjunctiva as opposed to an ocular allergy,
which activates the IgE mast cell. The eyelid skin is extremely thin, soft, and pliable
and is capable of developing significant swelling and redness with minor degrees of
inflammation or irritation. As a result, the patient frequently seeks medical attention
for a cutaneous reaction that elsewhere on the skin would normally be less of a
concern. Two predominant forms of contact dermatitis are attributed to cosmetics of
the eye. These include contact dermatoconjunctivitis and irritant (toxic) contact der-
matitis. Contact dermatoconjunctivitis is commonly associated with cosmetics to
the hair, face, or fingernails (e.g., hair dye, nail polish) or with topical ocular medi-
cations (e.g., neomycin). Certain preservatives, such as thimerosal, which is in con-
tact lens cleaning solutions, and benzalkonium chloride, which is in many topical
ocular therapeutic agents, have both been shown by patch testing to be causes of
contact dermatitis. The most common complaints associated with contact dermatitis
are stinging, burning, and itching of the eyes and lids. The symptoms are subjective
and are usually transitory if there is no evidence of objective signs of irritation. The
patch test can assist in pinpointing the causative antigen, but interpretation of patch
test results may be difficult. Patch testing is also associated with high false-positive
reactions when associated with irritants. Patch tests performed with patients’ own
topical ophthalmic products are often negative. However, pretreatment with sodium
lauryl sulfate increases patch test sensitivity.

Blepharoconjunctivitis

Blepharitis is a primary inflammation of the eyelid margins that is most often mis-
diagnosed as an ocular allergy because it commonly causes conjunctivitis second-
ary to a blepharitis. The most common causes are seborrhea and infection; the most
common organism is S. aureus. The signs of staphylococcal blepharitis are dilated
blood vessels, erythema, scales, collarettes of exudative material around the eyelash
bases, and foamy exudates in the tear film. Antigenic products play the primary role
in the induction of chronic eczema of the eyelid margins. Certain lipophilic organ-
isms such as Malassezia yeast may be highly antigenic and induce chronic inflam-
matory reactions. Even a form of mite (Demodex) has been associated with
refractory cases of blepharoconjunctivitis where the mite burrows into the rim of the
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eyelid. Symptoms include persistent burning, itching, tearing, and a feeling of dry-
ness. Blepharitis differs from dry eye syndrome in that the symptoms of blepharitis
are more persistent in the morning than the evening and the symptoms of dry eye
syndrome are more persistent in the evening. Crusted exudate develops with blepha-
ritis that may prevent the eye from opening when the patient awakens in the morn-
ing. Blepharitis may be controlled with proper eyelid hygiene: using detergents
(e.g., nonstinging baby shampoos) and steroid ointments applied to the lid margin
with a cotton tip applicator that is used to loosen scales and exudate. Tea tree oil has
been used in the treatment of Demodex infestation.

Ocular Allergy Treatment

A variety of treatment approaches have been used to manage allergic symptoms,
foremost among them the avoidance of triggering allergens. In addition, pharma-
cotherapies with antihistamines, decongestants, nasal corticosteroids, mast cell
stabilizers, and anticholinergics have all proven effective, as has immunotherapy.
Ocular allergy treatment should be considered in a stepwise approach (Fig. 4.2).
Primary treatment of any allergy, including ocular allergy, focuses on the avoid-
ance of allergens. This strategy primarily involves the use of environmental inter-
ventions, from removal of the offending allergen source to a change of occupational
venue. However, this is not often practical because it could mean attempting to
avoid the outdoors or family pets. Lubrication is a form of avoidance, in that it has
a dilutional effect on allergens and released mediators that interact with the con-
junctival surface. Cold compresses provide considerable symptomatic relief,
especially from ocular pruritus. All ocular medications should be refrigerated to
provide additional subjective relief when applied to the conjunctival surface.
Systemic agents can cause ocular drying that can alter the ocular tear film’s ability
to act as a protective barrier against external matter such as airborne allergens.
This decreased tear production may decrease the eye’s ability to wash allergens
from the ocular surface, allowing them to remain there longer and possibly worsen
allergic signs and symptoms. Secondary treatment regimens include the symp-
tomatic use of topical agents, as well as oral decongestants, antihistamines, mast
cell-stabilizing agents, and antiinflammatory agents. Topical decongestants pri-
marily act as vasoconstrictors, which are highly effective in reducing the ery-
thema and are widely used in combination with topical antihistamines. Adverse
effects of topical vasoconstrictors include burning and stinging on instillation,
mydriasis, especially in patients with lighter irises, and rebound hyperemia or
conjunctivitis medicamentosa with chronic use. In the conjunctiva, H1 stimula-
tion principally mediates the symptom of pruritus, as seen in various binding
studies, whereas the H2 receptor has been inferred to be clinically involved in the
vasodilation of the ocular allergic response. Although topical antihistamines may
be used alone to treat AC, combined use of an antihistamine and a vasoconstrict-
ing agent is more effective than either agent alone.
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Fig. 4.2 The treatment of ocular allergy should proceed in a stepwise approach in concert of the
treatment of other comorbid allergic disorders (e.g., allergic rhinitis, allergic urticaria, atopic der-
matitis, tear film abnormalities/dry eye syndromes). Environmental control remains an important
underpinning of all treatments of ocular that is complemented with nonpharmacologic treatments
such as lubricants and cold compresses. Topical pharmacotherapy becomes the primary treatment
when ocular symptoms predominate. The use of oral antihistamines should be limited to initial
treatments as they may cause increased drying of the ocular surface in those that suffer from tear
film insufficiency. Intranasal steroids improve mild symptoms of ocular allergy, but to be used
when the patient has both nasal and ocular symptoms. Immunotherapy should be considered for
those refractory to pharmacotherapy treatment

As monotherapy, oral or systemic antihistamines are an excellent choice when
attempting to control multiple early-phase and some late-phase allergic symptoms
in the eyes, nose, and pharynx. Despite their efficacy in relief of allergic symptoms,
systemic antihistamines may result in unwanted side effects, such as drowsiness and
dry mouth. Newer, second-generation antihistamines are preferred to avoid the sed-
ative and anticholinergic effects associated with first-generation agents. SAC and
PAC are ideally treated with a combination of antihistamine and mast cell stabiliz-
ers. These combination therapies have the advantage of giving immediate symptom-
atic relief via the antihistamine effect as well as having long-term modifying effects
on the disease with mast cell stabilization.

When the allergic symptom or complaint is isolated, such as ocular pruritus,
focused therapy with topical antihistaminic agents is often efficacious and clearly
superior, either as monotherapy or in conjunction with an oral or nasal agent. Topical
antihistaminic agents provide faster and better relief than systemic antihistamines.
Topical antihistaminic agents also have a longer duration of action than other
classes. However, their duration of action may not be as long as that of systemic
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agents. Some of these agents have been found to have merits as topical multiple
action agents possessing unique properties, including HI-receptor antagonism, low
antimuscarinic properties, and H2-receptor antagonism; these maximize the symp-
tomatic treatment of seasonal AC and are now widely used as first-line pharmaco-
therapy for ocular allergy. Many of the selective Hl-receptor antagonists have also
demonstrated impact on cytokines that have an impact on the ocular late-phase reac-
tion seen in more than 50 % of patients and may explain the persistent qualities of
the acute allergic ocular reaction. For example, some of these newer antihistamines
can block intercellular adhesion molecule-1 (ICAM-1) expression in epithelial
cells, effectively reducing inflammatory cell mucosal infiltration and cytokines
including IL-4, IL-10, and IL-17.

The use of mast cell stabilizers such as cromolyn was originally approved for more
severe forms of conjunctivitis (i.e., GPC, AKC, VKC), but many physicians have used
it for the treatment of acute seasonal and perennial AC with an excellent safety record.
Mast cell stabilizers inhibit degranulation and block the release of preformed media-
tors within the mast cell. For mast cell stabilizers to be effective, the mast cell has to
be deactivated before the allergic reaction is triggered. However, mast cell stabilizers
require a loading period and must be applied for several weeks before antigen expo-
sure to fully decrease the allergic response. Compliance is important with the use of
mast cell stabilizers because they require frequent, regular dosing. Some of the studies
reflecting their clinical efficacy for seasonal and perennial AC found marginal efficacy
when compared with placebo in clinical settings and some animal models. After many
years of clinical use, the mechanisms of cromolyn are still unclear.

Ketorolac is a nonsteroidal antiinflammatory drug (NSAID) that inhibits the
prostaglandin production involved in mediating ocular allergy. Ketorolac is indi-
cated for itchiness associated with AC. Clinical studies have shown that topical
NSAIDs significantly diminish the ocular itching and conjunctival hyperemia asso-
ciated with seasonal antigen-induced AC and VKC. These agents, unlike topical
corticosteroids, do not mask ocular infections, affect wound healing, increase intra-
ocular pressure, or contribute to cataract formation. Some of the studies reflecting
their clinical efficacy for seasonal and perennial AC showed marginal efficacy when
compared with placebo in clinical settings and in some animal models. Ketorolac is
associated with stinging on application that quickly dissipates.

Tertiary treatment of ocular allergy using more potent immunomodulatory prop-
erties such as steroids may be considered when topically administered medications,
such as antihistamines, vasoconstrictors, or cromolyn sodium, are ineffective.
However, the local administration of topical steroids may be associated with local-
ized ocular complications, including increased intraocular pressure, viral infections,
and cataract formation. Two modified steroids that are topically applied, rimexolone
and loteprednol, have recently been investigated for their efficacy in AC. Rimexolone
is a derivative of prednisolone that is quickly inactivated in the anterior chamber.
Loteprednol is another modified corticosteroid that is highly effective in the acute
and prophylactic treatment of AC.

Immunotherapy has been used for the primary treatment of allergies, once
known as spring catarrh before the discovery of antihistamines and other pharma-
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cologic agents. In fact, in the original report on allergy immunotherapy in the early
1900s, it was used to “measure the patient’s resistance during experiments of pol-
len extracts to excite a conjunctival reaction.” Immunotherapy primarily involves
the subcutaneous immunotherapy (SCIT) application of the suspected proteins in
various formulations, but recently has expanded into sublingual immunotherapy
(SLIT) administration to a limited array of specific allergens.

Although initial SCIT studies did not specifically address ocular symptoms,
more recent clinical studies have started to identify improvement in ocular signs
and symptoms in a separate domain of assessment outcomes. Additional physio-
logic studies involving SCIT have demonstrated a logarithmic increase (10- to
100-fold) in the tolerance to the allergen in the conjunctival provocation test or
improvement of ocular symptoms. Interestingly, when specific allergen immuno-
therapy was instituted in adults and children with multiple allergies, the treatment
was both effective and specific to the allergens in their season. When increasing
doses of specific allergen or allergoid immunotherapy are used, there is progres-
sive control of allergic inflammation. Allergoid immunotherapy induces immuno-
modulation with fewer doses of treatment (e.g., four allergoid doses versus weekly
or monthly allergen doses over the course of a year). Subcutaneous administra-
tions of allergen solutions are not convenient for all patients. SLIT has also been
attempted in the treatment of seasonal and perennial rhinitis with a statistical
decrease in ocular symptoms. Some produce no changes in the rhinitis symptoms,
suggesting that ocular symptoms may be more sensitive to treatment with allergen
immunotherapy. SLIT requires daily administration months in advance of the
patient’s specific allergy season.

Experimentally, AC has been suppressed by the oral administration of the offend-
ing allergen in animal models, with the concomitant decrease in the development of
allergen-specific IgE. Recent experimental studies on the use of sublingual immu-
notherapy have also shown statistical improvement in the nasal and ocular symptom
scores, which are also associated with an increase in the threshold dose for the
conjunctival allergen provocation tests. Experimental topical application of allergen
or immunostimulatory sequence oligodeoxynucleotides has predominantly shown a
decrease in the late-phase response. Future treatments for ocular allergy may con-
centrate on various immunobiologicals that interfere with the ongoing allergic
inflammation response as well as targeting specific targets such as eosinophils with
inhibition of IL-5, CCR-3, and other cytokines.

Vasomotor Conjunctivitis or Perennial Chronic Conjunctivitis

The identification of vasomotor conjunctivitis (VMC) or perennial chronic con-
junctivitis (PerCC) is not commonly included in the differential diagnosis of
allergic conjunctivitis, although it may occur in as many as 25 % of patients
complaining of ocular symptoms that are commonly confused with allergy.
These patients are by definition skin test negative, but they react to
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environmental stimulants such as weather, pollution, and/or wind. These disor-
ders need to be better defined, categorized, and classified to determine the best
treatment modalities as it may represent a form of tear film dysfunction and may
benefit by the treatment trial of DES.

Conclusion

The prevalence of ocular allergy continues to be clearly underappreciated; it has
been an underdiagnosed and undertreated area in primary care medicine. The ocular
symptoms associated with the most common ocular allergy conditions, such as SAC
and PAC, are intricately linked to allergic rhinitis in more than 90 % of cases. The
emergence of new medications and forms of immunotherapy (e.g., subcutaneous
allergoid, sublingual immunotherapy) for the specific treatment of ocular symptoms
offers a new field for improved patient care by the primary and subspecialty health-
care providers and with further research into the immunobiologicals may offer
sight-saving treatments for patient suffering from the more chronic forms of ocular
allergy that have corneal involvement.

Evidence-Based Medicine

One of new areas of research in allergy is the examination of epithelial integrity
in the promotion of the ongoing allergic inflammation. In one of few head to head
studies of topical agents comparing topical antihistamines that are commonly
prescribed in the stepwise approach in the treatment of ocular allergy, two anti-
histamines, olopatadine and alcaftadine, were compared for their ability to mod-
ify epithelial cell changes associated with allergic conjunctivitis at time points
selected to reflect acute (15 min) and late-phase (24 h) reactions. Using an ani-
mal with similar conjunctival allergen challenge for eosinophil numbers and for
tight junctional protein expression, Dr. Ono reported that the two agents were
similarly equivalent for control of the acute phase, but alcaftadine-treated ani-
mals had significantly lower conjunctival eosinophil infiltration than either con-
trols or olopatadine-treated animals. Allergen challenge caused a significant
decrease in expression of the junctional protein, ZO-1, and this decrease was
prevented by alcaftadine but not by olopatadine, suggesting that alcaftadine may
have therapeutic properties beyond its antihistamine action in its ability to reduce
conjunctival eosinophil recruitment and a protective effect on epithelial tight
junction protein expression.

One also needs to maintain perspective of the emerging pipeline for the treatment
of anterior inflammatory disorders that are related including allergic conjunctivitis
(AC) and dry eye syndrome (DES) of the novel techniques and molecular entities.
Nye et al. reported on the potential use of intralymphatic immunotherapy, CpG
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oligonucleotides, N-acetylaspartylglutamate, resolvins (omega-3 fatty acids),
lymphocyte function-associated antigen-1 (LFA-1) antagonist, chlorogenic acid,
and other potential agents as well as updated various agents undergoing trials.

Bibliography

—

. Allansmith MR, Ross RN. Ocular allergy. Clin Allergy. 1988;18:1-13.

2. Bielory BP, O’Brien TP, Bielory L. Management of seasonal allergic conjunctivitis: guide to

10.

11.

12.

14.

15.

therapy. Acta Ophthalmol. 2012;90(5):399-407.

. Bielory BP, O’Brien TP. Allergic complications with laser-assisted in-situ keratomileusis. Curr

Opin Allergy Clin Immunol. 2011;11(5):483-91.

. Bielory L. Allergic and immunologic disorders of the eye. Part II: ocular allergy. J Allergy Clin

Immunol. 2000;106:1019-32.

. Bielory L, Bielory B, Wagner RS. Allergic and immunologic eye disease. In: Leung DYM,

Sampson HA, Geha R, Szefler SJ, editors. Pediatric allergy: principles and practice. China:
Elsevier; 2010. p. 600-15.

. Bielory L, Skoner DP, Blaiss MS, Leatherman B, Dykewicz MS, Smith N, Ortiz G, Hadley JA,

Walstein N, Craig TJ, Allen-Ramey F. Ocular and nasal allergy symptom burden in America:
the Allergies, Immunotherapy, and RhinoconjunctivitiS (AIRS) surveys. Allergy Asthma Proc.
2014;35:211-8.

. Galatowicz G, Ajayi Y, Stern ME, Calder VL. Ocular anti-allergic compounds selectively

inhibit human mast cell cytokines in vitro and conjunctival cell infiltration in vivo. Clin Exp
Allergy. 2007;37:1648-56.

. Gary Jr RK, Woodward DF, Nieves AL, Williams LS, Gleason JG, Wasserman MA.

Characterization of the conjunctival vasopermeability response to leukotrienes and their
involvement in immediate hypersensitivity. Invest Ophthalmol Vis Sci. 1988;29:119-26.

. Hom MM, Nguyen AL, Bielory L. Allergic conjunctivitis and dry eye syndrome. Ann Allergy

Asthma Immunol. 2012;108:163-6.

Nye M, Rudner S, Bielory L. Emerging therapies in allergic conjunctivitis and dry eye syn-
drome. Expert Opin Pharmacother. 2013;14:1449-65.

Ono SJ, Lane K. Comparison of effects of alcaftadine and olopatadine on conjunctival epithe-
lium and eosinophil recruitment in a murine model of allergic conjunctivitis. Drug Des Devel
Ther. 2011;5:77-84.

Peralejo B, Beltrani V, Bielory L. Dermatologic and allergic conditions of the eyelid. Immunol
Allergy Clin North Am. 2008;28:137-68, vii.

. Simons FE. Hl-receptor antagonists: does a dose-response relationship exist? Ann Allergy.

1993;71:592-17.

Tanaka M, Dogru M, Takano Y, Miyake-Kashima M, Asano-Kato N, Fukagawa K, Tsubota K,
Fujishima H. The relation of conjunctival and corneal findings in severe ocular allergies.
Cornea. 2004;23:464-7.

Woodward DF, Nieves AL, Williams LS, Gary RK, Wasserman MA, Gleason JG. Interactive
effects of peptidoleukotrienes and histamine on microvascular permeability and their
involvement in experimental cutaneous and conjunctival immediate hypersensitivity. Eur
J Pharmacol. 1989;164:323-33.



Chapter 5
Prevalence of Pollens in the United States
and Elsewhere

Massoud Mahmoudi

Understanding the distribution and prevalence of pollens is an important step in
strategizing the management of allergic rhinitis and allergic asthma. Whether we
move from one region of the country to the other or traveling abroad, such informa-
tion is crucial in implementing steps for prevention and management of daily
symptoms.

Pollen grains are male gametophytes of gymnosperms and angiosperms or higher
plants. Most pollens range in size from 10 to 60 um in diameter, the small size
allowing exposure through wind carriage and contact with the respiratory mucosa
and conjunctiva.

Pollens are composed of an outer wall with an external layer (exine) and internal
layer (intine) that enclose cytoplasm. Immediate hypersensitivity reactions can
occur when pollen contacts mucosal surfaces, triggering proteins stored in the exine
and intine to be released through apertures (pores or furrows) of the outer wall.
Most clinically relevant pollens are wind-borne, or anemophilous, rather than being
from entomophilous plants, which pollinate via insect carriers.

Pollens vary in morphologic structure by size, number and form of pores, thick-
ness of the exine, and other features of the cell wall. For example, ragweed pollen is
about 20 pm in diameter and has characteristic short spines, whereas grass pollens
range from 30 to 40 pm, have a smooth surface, and are monoporate.
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Tree Pollen

Tree pollen allergens range from 20 to 60 pm in diameter. Prevalence of different
types of tree pollens mainly depends on geography. The pollen from each tree genus
is morphologically distinct and shows marked variation in terms of allergenicity,
duration, and seasonal pattern of pollination. Cross-reactivity among species is
uncommon. Thus there is higher specificity to skin testing with individual tree pollen
extracts compared with grass pollens, which do have significant cross-reactivity.

Tree pollination season varies significantly between different regions but usually
occurs during the springtime. The tree season is generally brief and rather distinct
because pollination occurs before, during, or shortly after leaves develop in decidu-
ous trees.

Most tree pollen characterization has been studied using birch, hazel, alder,
white oak, olive, and Japanese cedar allergens. Bet v 1, a birch pollen allergen, has
been studied closely; it is a commonly known allergen in the oral allergy syndrome,
which is due to cross-sensitizations between food proteins and certain pollens.

Grass Pollen

Worldwide, grass pollen sensitivity is the most common cause of allergic disease,
due to the wide distribution of wind-pollinated grasses. Grass pollen is the second
most common cause of allergic rhinitis and seasonal asthma in the United States,
following ragweed. The season generally occurs in the spring and summer. Grass
pollen is typically released in the afternoon. Concentrations of grass pollen are gen-
erally low at high altitudes.

Grasses are of the family Poaceae. Most grass pollens range from 30 to 40 pm in
diameter, each grain having one pore or furrow and a thick intine. Currently, immu-
nochemical methods have identified between 20 and 40 different grass pollen
antigens.

It is difficult to distinguish different types of grass pollen from each other by
morphology. There is also significant cross-reactivity among the grass species, with
the exception of Bermuda grass. Therefore, the relative importance of a grass spe-
cies in a given region is usually determined by its regional presence.

Weed Pollen

Weeds are small annual plants that grow without cultivation and tend to have rela-
tively inconspicuous flowers. Weed pollens range from 20 to 40 pm in diameter.
Release of weed pollen depends on seasonal daylight variation and is released typi-
cally in the morning.
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The most important allergenic weed group is the Compositae family, which
includes the ragweed tribe (tribe Ambrosieae). Ragweed is the single most impor-
tant cause of seasonal allergic rhinitis and asthma in North America. In the United
States, the highest concentrations of ragweed are found in the central plains and
eastern agricultural regions.

Ragweed pollen season occurs in the fall, generally between late August and
early October. Ragweed is a prodigious plant, with a single plant being able to
release one million pollen grains in a single day. It also has a long travel range, hav-
ing been detected even 400 miles out at sea.

The first studies of ragweed pollen revealed two major allergens, Amb a 1 (anti-
gen E) and Amb a 2 (antigen K). Now, eight other intermediate or minor allergens
of ragweed have also been identified.

Methods of Pollen Collection

Various methods exist for quantifying pollen grains. There are three main types of
air samplers: passive samplers, rotary-impact samplers, and slit-type volumetric
spore traps.

Passive/gravitational samplers are placed in an exposed environment, where par-
ticles are allowed to collect on the surface, which can be a microscope slide or plate.
These samplers tend to overestimate larger particles, which fall more rapidly. An
example of this device is the Durham sampler.

Rotary-impact samplers are made of a collection surface that collects particles as
it spins through ambient air. These devices are efficient for trapping larger particles
but less efficient for particles less than 5 pm in diameter. Rotorod samplers that
employ plastic rods as a collection surface are a common example of a rotary-
impact device.

Slit-lamp samplers contain a vacuum pump that draws air in to a chamber in
which a collection surface sits. This type of device can also convert observed pollen
counts to actual volumetric counts in the ambient air. It has greater efficiency in col-
lection compared to rotary devices. An example of a slit-lamp sampler is the
Burkhard trap.

Worldwide Prevalence of Pollens

Clinically relevant pollens vary from region to region. Several factors may influence
the pollen count in a particular region. For example, preseasonal rainfall influences
vegetative growth, which then determines abundance of pollen. Also, the release of
pollen from anthers is promoted by low humidity and increased winds.

The collection of dependable pollen count data is slowly being accomplished
worldwide (Fig. 5.1).
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Fig. 5.1 World pollen calendar
North America

In most climates in North America, the allergy season begins with tree pollination.
This usually occurs during late February through April but may start as early as
December in regions with cedar trees. The main tree pollens present in North
America include oak, alder, cedar, elm, birch, ash, hickory, poplar, sycamore,
cypress, and walnut (Table 5.1).

Grass pollen season overlaps with the end of tree pollen season, starting approxi-
mately in May and lasting through July. The main North American grass pollens
include timothy, Bermuda, orchard, sweet vernal, and red top and blue grasses.

In the late summer through October, weed pollination occurs. The most promi-
nent weed causing allergic symptoms is ragweed, which is the single most impor-
tant cause of seasonal allergic rhinitis in the United States. Other weeds include
pigweed, marsh elder, dock/sorrel, plantain, Lamb’s quarters, and Russian thistle.
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Table 5.1 US regional pollens

Type of pollen

‘ Genus and species

Northeast region of the United States

Trees

Oak (white, red)

Quercus alba, Q. rubra

Birch (yellow) Betula alleghaniensis
Elm (white) Ulmus americana
Cottonwood Populus deltoides
Beech Fagus grandifolia

Ash (white) Fraxinus americana
Juniper Juniperus spp.

Alder Alnus spp.

Maple (sugar, red) Acer saccharum, A. rubrum
Hickory Carya ovata

Mulberry (red, black) Morus rubrum, M. nigra
Red cedar Juniperus virginiana
Sycamore Platanus spp.

Walnut (black) Juniperus nigra

Sweet gum Liquidambar styraciflua
Grasses

June/blue Poa pratensis

Orchard Dactylis glomerata
Timothy Phleum pratense

Sweet vernal Anthoxanthum odoratum
Red top Agrostis alba

Rye Lolium spp.

Weeds

Ragweed Ambrosia spp.

Lambs quarters Chenopodium album
Sorrel Rumex sp.

Plantain Plantago lanceolata
Pigweed Amaranthus spp.
Mugwort Artemisia vulgaris
Cocklebur Xanthium strumarium
Southeast region of United States

Trees

Oak (red, white) Quercus spp.

Hickory (pecan) Carya spp.

Maple (red) Acer rubrum
Juniper/cedar Juniperus spp.

Ash (white, green) Fraxinus americana
Cottonwood Populus deltoids

Sugar (hack) berry Celtis occidentalis

Australian pine

Casuarina spp.

(continued)
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Type of pollen Genus and species
Mulberry (red, white) Morus spp.

Sweet gum Liquidambar styraciflua
Elm Ulmus spp.

River birch Betula nigra
Grasses

June/blue Poa pratensis
Timothy Phleum pretense
Bermuda Cynodon dactylon
Orchard Dactylis glomerata
Johnson Sorghum halepense
Red top Agrostis alba

Rye Lolium spp.

Bahia Paspalum notatum
Weeds

Ragweed Ambrosia spp.
Sorrel Rumex sp

Plantain Plantago lanceolata
Pigweed Amaranthus spp.
Burning bush Kochia scoparia
Marsh elder Iva spp.

Western water hemp

Acnida tamariscina

Russian thistle

Salsola pestifer

Midwest region of the United States

Trees

Oak (red, white, bur)

Quercus spp.

Elm (white, slippery)

Ulmus spp.

Box elder

Acer negundo

Hickory (pecan) Carya spp.
Juniper/cedar Juniperus spp.
Maple Acer spp.

Birch Betula spp.

Ash Fraxinus spp.
Walnut Juglans spp.
Cottonwood Populus spp.
Willow Salix spp.
Sycamore (eastern) Platanus occidentalis
Grasses

June/blue Poa spp.

Orchard Dactylis glomerata
Bermuda Cynodon dactylon
Timothy Phleum pretense
Rye Lolium spp.

(continued)
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Table 5.1 (continued)

Type of pollen Genus and species
Red top Agrostis alba
Weeds

Ragweed Ambrosia spp.

Russian thistle

Salsola pestifer

Burning bush

Kochia scoparia

Burweed marsh elder

Iva xanthifolia

Plantain Plantago lanceolata
Pigweed Amaranthus spp.
Pacific Northwest region of the United States

Trees

Alder Alnus spp.
Juniper/cedar Juniperus spp.
Birch Betula spp.
Cottonwood Populus spp.
Walnut Juglans spp.
Ash Fraxinus spp.
Willow Salix spp.

Elm Ulmus spp.

Oak Quercus spp.
Grasses

June/blue Poa pratensis
Timothy Phleum pretense
Rye Lolium spp.
Brome Bromus spp.
Red top Agrostis alba
Weeds

Sage Artemisia spp.
Sorrel Rumex spp.
Nettle Urticaceae spp.
Pigweed Amaranthus spp.
Southwest region of the United States

Trees

Juniper/cedar Juniperus spp.
Elm Ulmus spp.
Olive Olea europaea
Ash Fraxinus spp.
Mulberry Morus spp.

Oak Quercus spp.
Cottonwood Populus spp.
Mesquite Prosopis spp.
Box elder Acer negundo
Grasses

(continued)
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Table 5.1 (continued)

Type of pollen Genus and species

Bermuda Cynodon dactylon

Johnson Sorghum halepense

June/blue Poa spp.

Weeds

Ragweed Ambrosia spp.

Sage Artemisia spp.

Russian thistle Salsola kali

Scales Atriplex spp.
Africa

The most common pollens in Africa are grass pollens. South Africa, for example, has a
very extensive grassland comprising more than 957 (10%) of the known grass species
worldwide. African grasses belong largely to the subfamilies Chloridoideae and
Panicoideae; Northern Hemisphere grasses are predominantly members of the Pooideae
(Potter). There are an estimated 947 indigenous and 115 naturalized grass species. Common
grass pollens include rye grass, Bermuda grass, kikuyu grass, and eragrostis. The grass
season lasts through a majority of the year, stretching from August through April.

The tree season is comparatively shorter than the grass season, ranging from
August through November. Common tree pollens include acacia, willow, cypress,
oak, eucalyptus, plane, and poplar.

Weeds are not a highly prevalent source of pollen in Africa. However, plantain is
a common weed.

Asia
Japan

The pollen responsible for a majority of seasonal allergic disease in Japan is
Japanese cedar (Cryptomeria japonica). The Japanese cedar pollen is present from
January through May. Another significant tree pollen is cypress. Weeds play a lesser
role than tree pollens in Japan. Ragweed pollen is present in August and September.

India

Pollen counts vary in the different regions of India. In Northern India, tree pollens
including Holoptelea, Eucalyptus, and Casuarina are highly prevalent, as well as
Cassia grass. In Central India, dominant pollen types include Parthenium and
Cheno/Amaranth weeds. Trees include Casuarina and Spathodia.
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Australia

The most prevalent pollens in Australia are grass species, including rye, Bermuda,
annual and Kentucky blue grass, Paspalum, and prairie grass. The southeastern area
is the worst affected area because of its widespread grasslands and north winds. The
grass season occurs during October through June.

The dominant tree pollens include the indigenous wattle and ti-tree, as well as
birch, maple, olive, poplar, ash, and oak. Plantain is the most prevalent type of weed
pollen.

Europe

Europe is a geographically complex continent with a diverse climate and wide spec-
trum of vegetation, resulting in much variation in the types of pollens found in dif-
ferent areas.

By far, the most prevalent allergen in Europe is grass. Timothy, orchard, meadow
foxtail, and rye grasses are highly prevalent. The grass season occurs during May
through July in Northern, Central, and Eastern Europe. In Mediterranean regions,
grass begins and ends a month earlier. In general, grass flowering notoriously peaks
in June.

Going northward, the tree season starts from April to late May and lasts gener-
ally through July. Pollens include birch, olive, hazel, alder, ash, and cypress. In
Northern Europe, birch is a major cause of pollinosis, having the greatest allergenic
potency. In Europe, the percentage of positive skin prick test to birch ranges from
5% in the Netherlands to 54 % in Zurich, Switzerland. In Spain, Southern Italy, and
Greece, olive pollen is one of the main causes of pollinosis, with its pollination
season occurring from April to June.

Weed season occurs during February through October, and pollens include rag-
weed, mugwort, pellitory, nettles, and less commonly ragweed.

Evidence-Based Medicine

As discussed, several different methods for identification of pollen have been devel-
oped. Traditional measurements of exposure to pollen grains involve collection of
an air sample and identification of the pollen sources on the basis of the morpho-
logic characteristics of the particles viewed under a microscope. Durham and
Burkhard methods are commonly used worldwide.

However, newer methods are being developed in hopes of obtaining more accu-
rate pollen count readings. For example, under certain circumstances, a significant
amount of airborne allergen is not associated with intact pollen grains because some
are carried on paucimicronic particles.
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In recent study, Benitez et al. used a flow cytometry technique to determine
Cupressus arizonica pollen count and allergenic load (a particle that can be recog-
nized by a specific antibody) using Cup al polyclonal rabbit antibody. In addition to
the pollens, the investigators were able to identify a population of smaller incom-
plete pollens that were not defined by the light microscopy. They showed that the
whole pollen and the smaller particles could induce allergic sensitizations.

In another development, the investigators studied the influence of meteorological
parameters and air pollution on hourly fluctuation of birch (Betula L.) and ash
(Fraxinus L.) airborne pollens. The importance of the study was based on the fact
that the information obtained could help treatment and prevention of pollen
allergies.
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Chapter 6
Allergic Rhinitis: Diagnosis and Treatment

Amber N. Pepper and Dennis K. Ledford

Introduction

Rhinitis is a syndrome defined by the symptoms of nasal congestion, postnasal drip,
rhinorrhea, sneezing, and nasal itching, usually with physical findings of turbinate
edema and increased secretions. The term implies inflammation as an essential compo-
nent of the pathophysiology, but inflammation may not always be evident or confirmed
in the pathophysiology of all rhinitis syndromes. Nevertheless, rhinitis, rather than rhi-
nopathy or another term, is generally used to describe the constellation of symptoms
listed. Classification of severity is generally based on symptom intensity and duration
rather than physical examination or laboratory findings. Rhinitis may be subdivided
into more than nine groups based on probable etiology or associations. These include
allergic, idiopathic perennial nonallergic (sometimes referred to as vasomotor rhinitis),
infectious, medication related (rhinitis medicamentosa), hormonal, atrophic, polypoid
or hyperplastic, and rhinitis associated with systemic diseases. Some authorities divide
nonallergic rhinitis into subgroups based on triggers (e.g., weather, odor, alcohol inges-
tion, or irritants among others), but the symptoms and physical findings of these rhinitis
subgroups tend to be more alike than dissimilar, prompting others to classify all into one
category, perennial nonallergic rhinitis (PNAR). Occupational rhinitis is a classification
sometimes used, referring to irritant, nonallergic rhinitis or allergic rhinitis related to
work environments. This chapter focuses on allergic rhinitis and includes the differen-
tial diagnosis of other rhinitis syndromes (Table 6.1)
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Table 6.1 Differential diagnosis of rhinitis

Allergic rhinitis
Seasonal/intermittent
Perennial/persistent
Local allergic rhinitis?
Perennial nonallergic rhinitis (PNAR or vasomotor rhinitis)
Gustatory rhinitis
Irritant/occupational rhinitis
Mixed rhinitis (concomitant allergic and nonallergic rhinitis)
Atrophic rhinitis
Nonallergic rhinitis with eosinophilia syndrome (NARES)
With or without polyps
Infectious rhinitis
Viral
Adenovirus, influenza virus, parainfluenza virus, respiratory syncytial virus, rhinovirus
Bacterial
Haemophilus, Klebsiella, Mycobacterium, Staphylococcus, Streptococcus, Treponema
Allergic fungal rhinosinusitis
Rhinitis medicamentosa
Topical therapies
Cocaine, oxymetazoline, phenylephrine
Systemic therapies
a-Antagonists, p-blockers, estrogen or oral contraceptives, NSAIDS
Systemic diseases
Endocrine/hormonal
Diabetes mellitus, hypothyroidism, pregnancy/breast-feeding
Inflammatory/autoimmune
Cicatricial pemphigoid, eosinophilic granulomatosis with polyangiitis, granulomatosis with
polyangiitis, relapsing polychondritis, reticular histiocytosis, sarcoidosis, Sjogren disease
Infiltrative
Amyloidosis
Structural disorders
Adenoid hyperplasia/cyst
Choanal atresia
Concha bullosa
Nasal polyps
Nasal septal deviation
Neoplasm
Angiofibroma (adolescent boys)
Esthesioneuroblastoma
Lymphoma
Sarcoma
Squamous cell carcinoma (smokers)
Ciliary defects
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Table 6.1 (continued)

Foreign body
Cerebrospinal fluid rhinorrhea
Gastroesophageal reflux
Cystic fibrosis
NSAID nonsteroidal anti-inflammatory drugs

*Allergic rhinitis pathogenesis with eosinophilia but the absence of detectable systemic specific
IgE and evidence of locally produced specific IgE

Table 6.2 Mediators and allergy symptoms

Mediators Symptoms

Histamine Itching

Prostaglandins

Histamine Sneezing

Prostaglandins

Histamine Nasal congestion/swelling (due to microvascular
Prostaglandins leakage)

Leukotrienes

Platelet-activating factor (PAF)

Kinins

Substance P

Histamine Mucous production
Leukotrienes

Platelet-activating factor (PAF)

Kinins

Pathophysiology and Specific IgE

The pathophysiology of rhinitis is well defined for allergic, infectious, some medi-
cation related, and select systemic disease-associated rhinitis syndromes. The
pathophysiology of allergic rhinitis stems from the degranulation of mast cells and
the subsequent mucosal recruitment of inflammatory cells, particularly eosinophils.
The role of mast cell degranulation has been confirmed by nasal allergen challenge,
nasal lavage with analysis of mediators, nasal cytology, and nasal biopsy.
Inflammation, characterized by recruitment of eosinophils into the nasal mucosa, is
an essential component of the pathology of allergic rhinitis.

The symptoms of allergic rhinitis result from the combined effects of inflamma-
tory cell recruitment and of the actions of mediators on receptors, for example,
histamine 1 (H1) receptor or leukotrienes (LT), specifically LTD4, with the cyste-
inyl LT receptor 1. The mediators released from mast cells are responsible for the
acute symptoms of allergic rhinitis, primarily itching and sneezing (Table 6.2 and
Fig. 6.1). The mucosal inflammation is primarily a result of eosinophil immigration,
activation, and persistence, due largely to factors released by the mast cell. The mast
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Fig. 6.1 Pathogenesis of allergic rhinitis

cell degranulates when high-affinity IgE receptors are cross-linked by antigen
(allergen). IgE specific for a causal allergen is bound to the mast cell via the high-
affinity IgE receptor, enabling the triggering of degranulation on exposure to spe-
cific allergen. The production of specific IgE is a result of the complex interaction
of genetic predisposition and the environment. Exposure to environmental aller-
gens, which is a risk factor for sensitization, does not result in uniform immune
responses, even in subjects with similar, or even identical, genetic backgrounds.
Modulation of the IgE response depends on variables such as the type of allergen,
the route and dose of exposure, the timing of exposure (e.g., childhood versus adult-
hood), and concomitant or preceding exposure to infectious organisms or adjuvants,
such as endotoxin. Genetic factors affect the epitope or specific portion of the anti-
gen to which the individual responds (some epitopes are more likely to evoke an IgE
response) as well as the immunologic regulation that modulates the tendency to
produce IgE. Interactions between antigen-presenting cells, such as dendritic cells
and B lymphocytes, T-regulatory cells (T,,), group 2 innate lymphoid cells (ILC2),
epithelial cells, and T helper 1- (Th1-) and Th2-like cells, determine the probability
of specific IgG antibody formation versus IgE antibody formation versus tolerance
to a specific allergen. To further complicate the understanding of this process, indi-
viduals may simultaneously be sensitized and tolerant to different allergens, for
example, dust mite and cat, emphasizing that antigen properties, variation in expo-
sure characteristics, and genetic factors regulate individual antigen responses.
Finally, the blood concentration of specific IgE for a selected allergen or the magni-
tude of a skin test response with allergen does not generally correlate with the sever-
ity of symptoms on exposure to that allergen but rather the likelihood that the
allergen is contributing to symptoms. Thus, a simple, unifying explanation of the
allergic response or a measurable parameter that will consistently predict symptoms
is not available.

The importance of specific IgE in the development of allergic rhinitis is con-
firmed by nasal challenge with allergen in subjects with specific IgE, correlation of
symptoms with the level of allergen exposure, the predictive value of specific IgE in
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determining response to specific allergen immunotherapy, evidence of mast cell
degranulation with allergen contact, and the improvement of allergic rhinitis with
anti-IgE monoclonal therapy. Local production of IgE, which would not be recog-
nized by blood or skin tests, and non-IgE mechanisms of mast cell degranulation are
hypotheses offered to explain allergic-like rhinitis in subjects without measurable,
systemic specific IgE. Local allergic rhinitis is a distinct entity that presents with
eosinophilia with evidence of locally produced specific IgE, but the absence of
detectable systemic specific IgE.

Epidemiology

The prevalence of atopic disease in general and of allergic rhinitis in particular has
increased during the past century. Currently, the prevalence of allergic rhinitis
worldwide is between 20 and 30 %, increased from approximately 10—15% at the
midpoint of the twentieth century. The increase is more apparent in affluent socio-
economic circumstances, particularly Western Europe, North America, Australia,
and New Zealand. Explanation for this increase remains elusive, with a variety of
hypotheses summarized in Table 6.3. The hygiene hypothesis, as first suggested by
Salzman and colleagues in 1979, is probably the most widely accepted explanation.
This hypothesis proposes that reduced infections and endotoxin exposure in infancy
diminish the stimuli to convert the Th2-like immune response (allergic-like with a
predominance of interleukin 4 [IL-4] and IgE production) present at birth to a Th1-
like response (nonallergic with gamma interferon production and reduced IgE). The
endotoxin association suggests that the innate immune system and Toll-like recep-
tors (TLRs) are important in the conversion of Th-2 to Th-1-like immune responses.
The data supporting this is found both in epidemiologic studies as well as experi-
mental work. For example, urban children with similar ethnic and genetic back-
grounds to those in rural farming areas have a higher occurrence of allergic rhinitis.

Table 6.3 Theories for Hygienic changes leading to decreased exposure to infections
the increase of atopic

diseases in the past
century

Clean water

Introduction of broad-spectrum antibiotics

Use of vaccinations

Decrease in parasitic infections

Improved food preparation

Lifestyle changes

Increased time indoors with more exposure to indoor allergens
Urbanization with decreased exposure to farm animals
Increase in obesity and more sedentary way of life
Dietary changes (high in calories, low in nutrients)
Reduction in family size with fewer older siblings
Reduced breast-feeding
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Furthermore, the occurrence of allergic rhinitis correlates inversely with exposure to
farm animals and to endotoxin in early childhood. Conflicting data are a reminder
that the hygiene hypothesis is not proven, and additional explanations for the
increased prevalence of allergic rhinitis are likely.

There is a bimodal age variation in the prevalence of allergic rhinitis: one peak
occurring in either the mid to late teenage years or late childhood and the second
peak occurring in the mid-1920s. Most affected subjects initially develop symptoms
prior to adulthood. However, a notable proportion of people with allergic rhinitis
report symptom onset after the age of 30 years. The prevalence of allergic rhinitis
diminishes progressively as the population ages, but an individual may develop
allergic rhinitis at any age.

The importance of allergic rhinitis is its prevalence and impact on the quality of
life of affected subjects. Individuals with symptomatic allergic rhinitis do not learn
or process information as well as those unaffected. Sleep quality and sense of vital-
ity are also commonly diminished. The treatments used, particularly sedating or
first-generation antihistamines, may compound these problems. Allergic rhinitis is
also associated with a variety of other airway diseases or symptoms, including otitis
media, sinusitis, cough, and asthma, and with other allergic conditions, including
atopic dermatitis and food allergy. Treatment of allergic rhinitis improves asthma
and may reduce the development of asthma in those predisposed. Treatment of rhi-
nitis may also decrease other associated conditions, including sinusitis, otitis media,
and sleep disturbance. Thus, the importance of diagnosing and treating allergic rhi-
nitis extends beyond the simple relief of nasal complaints.

Classification of Allergic Rhinitis

Traditionally, allergic rhinitis has been separated into perennial allergic rhinitis
(responsible allergens found indoors, such as dust mites, cockroach, mouse, dogs,
and cats) with year-round symptoms or seasonal allergic rhinitis (responsible pollen
allergens found seasonally outdoors, such as trees in the spring, grass in the sum-
mer, and weeds in the fall in temperate climates in the Northern Hemisphere). The
Allergic Rhinitis and its Impact on Asthma (ARIA) Workshop, in collaboration
with the World Health Organization, recommended a different classification in
2001, using the terms intermittent and persistence and the severity classifications of
mild and moderate/severe. Intermittent is defined as having symptoms for less than
4 days a week or less than four consecutive weeks of the year. Mild is defined as not
affecting quality of life or normal daily activities. Most subjects who seek medical
care are expected to be in the moderate/severe, persistent category because over-the-
counter products are available for treatment of less severe disease. Published studies
report that the ARIA classification is more useful in clinical assessments than the
seasonal and perennial terminology, suggesting that persistent rhinitis as defined is
not equivalent to perennial rhinitis and intermittent is not equivalent to seasonal.
Both classifications are used clinically and in the medical literature.
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Differential Diagnosis of Allergic Rhinitis

Allergic rhinitis is the most prevalent form of rhinitis and should be considered in
any individual presenting with nasal complaints. Other possible diagnoses are listed
in Table 6.1. The principal factors used in distinguishing allergic rhinitis from non-
allergic rhinitis are summarized in Table 6.4, with history being the most important.
The diagnosis of allergic rhinitis is presumptive until specific allergic sensitivity is
identified by epicutaneous or percutaneous testing or in vitro-specific IgE testing.
Immediate wheal and flare skin tests remain the most cost-effective means of iden-
tifying specific IgE. The value of intradermal allergy testing is primarily to exclude
the diagnosis with negative results, with positive intradermal results providing only
tenuous support for a diagnosis of allergic rhinitis. The evidence of specific IgE
should be correlated with exposure and symptoms to support the diagnosis.
Identifying environmental factors that trigger nasal symptoms is important in distin-
guishing allergic rhinitis from nonallergic or mixed rhinitis (components of both
allergic and nonallergic rhinitis). For example, worsening symptoms from odor

Table 6.4 Diagnosis of allergic versus nonallergic rhinitis

Age of onset
Triggers

Symptoms

Seasonal variation

Family history of
atopy/allergies
Associated atopic

features
Physical exam

findings

Confirmatory tests

Allergic rhinitis
Usually <20 years of age
Allergen exposure

Sneezing (>4 in
succession)

Pruritus

Rhinorrhea (watery)
Nasal congestion
Usually seasonal

(if sensitized to outdoor
allergens)

May be perennial

(if sensitized to indoor
allergens)

Presence of atopic
disease

Allergic conjunctivitis
Atopic dermatitis
(eczema)

Transverse nasal crease
Variable nasal mucosa
but classically described
as pale and boggy
Nasal eosinophilia
Positive specific IgE
testing

Nonallergic rhinitis
Usually >30 years of age

Odor, irritants, temperature/weather changes,
alcohol, food (gustatory)

Nasal congestion

Rhinorrhea (clear or mucoid)

Postnasal drip

Sinus pressure

Sneezing (<4 in succession)

Usually no seasonal association, although
changes in symptoms with weather/
temperature variation may be confused for
seasonality

Absence of atopic disease

None

Erythematous nasal mucosa with edema of
turbinates
Watery or mucoid secretions

Nasal eosinophilia only present in NARES,
otherwise absent
Negative specific IgE testing

NARES nonallergic rhinitis with eosinophilia syndrome
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Fig. 6.2 Transverse nasal crease. Transverse nasal crease of allergic rhinitis. This photograph
shows the transverse nasal crease (arrows) that is characteristic of allergic rhinitis. This linear
change occurs from repetitive rubbing of the nose vertically, pushing the tip of the nose cephalad

would be attributed to nonallergic rhinitis, rather than allergic. If odor affects symp-
toms in a subject with allergic rhinitis, the individual has mixed rhinitis (i.e., coex-
istence of two rhinitis syndromes).

Congestion is the most common symptom prompting physician evaluation of
nasal complaints but is nonspecific (Tables 6.2 and 6.4). Itching, particularly with
rubbing of the nose vertically, is typical of allergic disease. The repetitive rubbing
results in the characteristic “nasal crease” of allergic rhinitis (Fig. 6.2). Additional
supportive historical features for allergic rhinitis include rubbing the tongue on the
roof of the mouth, producing a “clucking” sound, and paroxysmal or episodic
sneezing, particularly four or more in succession. Itching and sneezing are more
common with intermittent or seasonal than persistent or perennial allergic rhinitis.
The less frequent symptoms of itching and sneezing in persistent or perennial aller-
gic rhinitis make it more challenging to diagnose.

The secretions in allergic disease typically are clear or white, but severe disease
may result in cloudy mucus. Allergic rhinitis symptoms should be bilateral, with
lateralizing complaints or findings suggesting an alternative diagnosis or a compli-
cation. The presence of other allergic diseases, particularly allergic conjunctivitis or
atopic dermatitis, would also be strong support for the diagnosis of allergic rhinitis.
Finally, family history is important because one immediate family member increases
the likelihood of allergic rhinitis to approximately 40-50 %. Having two affected
immediate family members makes the probability of having allergic rhinitis greater
than 60 %.

Treatment of allergic rhinitis is reviewed in the next section.

Chronic or Perennial Nonallergic Rhinitis (Vasomotor Rhinitis)

Chronic or perennial nonallergic rhinitis (PNAR) is a term used to designate a het-
erogeneous group of disorders that share clinical features. The pathophysiology is
not completely defined, and nasal histology does not correlate with symptoms.
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PNAR is common, representing 30—60 % of subjects referred to an allergy/immu-
nology or otolaryngology clinic for evaluation. PNAR coexists with allergic rhinitis
in more than 50 % of adults with allergic rhinitis, a condition referred to as mixed
rhinitis. Mucosal inflammation is less evident in PNAR than allergic rhinitis, mak-
ing the term rhinitis sometimes a misnomer. However, the symptoms are consistent
with other inflammatory nasal diseases, and inflammation may be present in a sub-
set of PNAR.

The typical presentation of PNAR is complaints of nasal obstruction, with or
without rhinorrhea or postnasal drip, exacerbated by physical stimuli such as odor
(particularly floral smells), air temperature changes, air movement, body position
change, food, beverage (particularly alcoholic drinks such as wine), or exposure to
airborne irritants such as cigarette smoke. Paroxysmal sneezing and itching are less
common in PNAR than allergic rhinitis. A variant of PNAR, with copious rhinor-
rhea associated with eating or meal preparation, is termed gustatory rhinitis.
Exercise often improves the symptoms of PNAR, contrasting with allergic rhinitis.

Non-IgE degranulation of nasal mast cells, by physical stimuli such as cold, dry
air, and hyperosmolar mucosal fluid, is not likely a critical part of the pathophysiol-
ogy of PNAR because the symptoms of nasal itching, sneezing paroxysms, and
mucosal eosinophilia are typically absent. However, mast cell degranulation has
been demonstrated with cold air challenge of the nose in PNAR. Neurogenic mech-
anisms may play a pathophysiologic role in PNAR because some affected subjects
hyperrespond with nasal congestion following challenge with cholinergic agents,
suggesting a type of nasal hyperreactivity similar to that occurring in the bronchial
airway with asthma.

The diagnosis of PNAR is suggested by the symptom history, the nature of pro-
voking stimuli, adult onset, and the absence of a family history of allergy. The nasal
mucosa is variable in appearance but generally is congested with normal to ery-
thematous color. The secretions are usually clear and do not contain a significant
number of eosinophils or neutrophils. Other causes of nasal symptoms should be
excluded because of the lack of a confirmatory diagnostic test for PNAR. The exclu-
sion of perennial allergic rhinitis is particularly important because the symptoms of
the two are similar, and some subjects have both conditions. Sinusitis should also be
considered because many symptoms are common to both.

The treatment of PNAR is symptomatic because the pathophysiology is unknown.
The physician should focus the therapy on the primary symptom. Decongestants,
nasal saline to lavage irritants from the mucosa or to dilute secretions, and topical
ipratropium bromide 0.03 % (Atrovent Nasal) for rhinorrhea are often helpful. Oral
antihistamine therapy offers limited benefits, although the anticholinergic effects of
first-generation, sedating antihistamines may be helpful for rhinorrhea. Topical anti-
histamine therapy with azelastine is efficacious and approved for treatment of
PNAR, contrasting with the lack of approval for any oral antihistamine. Topical
nasal corticosteroid therapy relieves symptoms of PNAR, probably by reducing
glandular secretion and blood flow to the nose. An anti-inflammatory effect of cor-
ticosteroid is not likely important in PNAR since mucosal inflammation is not con-
sistently present. The response to topical nasal corticosteroids is variable and not as
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predictable as with allergic rhinitis. Although only select nasal corticosteroids have
a US Food and Drug Administration (FDA) indication for PNAR, most likely all
work and all are generally used. Nasal corticosteroids with a detectable odor, for
example, fluticasone (Flonase), may aggravate symptoms, suggesting a preference
for sprays without smell. Intranasal capsaicin, a substance which depletes the neu-
rokinin substance P and the active component of Sinus Buster, significantly improves
symptoms in patients with PNAR as demonstrated by a placebo-controlled, clinical
trial. Regular aerobic exercise, 20-30 min two to three times a week, may help
reduce PNAR symptoms, at least temporarily, and is good for general health. Nasal
congestion and sinus pressure are often the most bothersome symptoms, so empha-
sis on avoidance of regular topical decongestants is important because this may lead
to rhinitis medicamentosa or rebound worsening of congestion. Oral lozenges con-
taining menthol may affect the perception of nasal congestion but have no measur-
able effect on congestion. Finally, affected subjects need reassurance and empathetic
care to reduce “doctor shopping,” unnecessary surgery, overuse of antibiotics, and
overinterpretation of allergy tests.

Nonallergic Rhinitis with Eosinophilia

Nonallergic rhinitis with eosinophilia (NARES) is a syndrome generally distin-
guished from PNAR by the presence of eosinophils in the nasal secretions or
mucosa. The symptoms cannot be distinguished readily from PNAR, and the fam-
ily history is generally negative for atopy, increasing the clinical confusion
between NARES and PNAR. Affected subjects suffer from perennial nasal con-
gestion, rhinorrhea, sneezing, and pruritus, but do not have specific IgE for aller-
gens, an increase in total IgE, or a personal or family history of atopy. The nasal
secretions contain eosinophils, which distinguishes this condition from other
forms of PNAR. The lack of an atopic personal and family history in NARES
makes an undefined allergy unlikely as the cause. The condition may be part of
the spectrum of eosinophilic rhinitis and nasal polyposis. Subjects with the aspirin
triad or aspirin-exacerbated respiratory disease (AERD; nasal polyps with eosino-
phils, asthma, and aspirin sensitivity) experience eosinophilic rhinorrhea and
nasal congestion prior to the development of nasal polyps, suggesting a spectrum
of eosinophilic nasal disease (Fig. 6.3). However, most subjects with NARES do
not develop AERD.

Allergic rhinitis and nasal polyposis are the principal diagnoses to be excluded
when assessing a subject with NARES. Treatment is symptomatic with topical nasal
corticosteroid therapy, generally the most effective pharmacologic agent. Symptom
relief may require a higher dosage of nasal corticosteroid than generally required
for allergic rhinitis. Titrating the dose of nasal corticosteroid against the presence of
nasal eosinophils may be of clinical value in determining the appropriate dose.
Azelastine reduces eosinophil chemotaxis in vitro, but has not been studied in
NARES.
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Fig. 6.3 Nasal polyp. This is a view from the rhinoscope in the left nostril. The septum is on the
left, and the polyp is the pale soft tissue between the middle and inferior turbinate (arrow). Nasal
polyps are associated with chronic inflammatory sinus disease, usually eosinophilic. Nasal polyps
are not consistently found in subjects with allergic rhinitis but could explain persistent congestion.
Cystic fibrosis is also associated with nasal polyps although not generally with eosinophilic
inflammation

Rhinitis Induced by Drugs or Hormones (Rhinitis
Medicamentosa)

Topical use of a-adrenergic decongestant sprays for more than 5-7 days in succes-
sion may result in a rebound nasal congestion following discontinuation of treatment
or after the immediate effects have waned. Continued use of the decongestant to
control withdrawal congestion can lead to an erythematous, congested nasal mucosa
termed rhinitis medicamentosa. Regular intranasal cocaine use will have an even
greater effect and should be considered in the differential diagnosis. Other systemic
medications or hormone changes may also be associated with nasal symptoms,
although the nasal mucosa may not always appear the same with each medication.
The mechanisms responsible for nasal symptoms associated with medications or
hormones are variable. Antihypertensive therapies with p-blockers and a-adrenergic
antagonists, less commonly calcium channel blockers and angiotensin-converting
enzyme inhibitors, probably affect nasal blood flow. Oral a-adrenergic antagonists
are also commonly used for symptom relief of prostate enlargement. Topical oph-
thalmic p-blocker therapy may also result in nasal congestion by the same mecha-
nism. Oral phosphodiesterase inhibitors used for treatment of erectile dysfunction
also are associated with nasal congestion, likely due to the enhancement of vasodi-
lation from locally produced nitric oxide. Nasal congestion and/or rhinorrhea may
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also result from changes in estrogen, and possibly progesterone, either from
exogenous administration, pregnancy, or menstrual cycle variations. Hypothyroidism
is associated with nasal congestion, rhinorrhea, and a pale, allergic-like nasal
mucosa. Aspirin and other nonsteroidal anti-inflammatory drugs (NSAIDs) may
result in congestion and rhinorrhea, primarily in subjects with AERD. Subjects with
intermittent symptoms associated with aspirin or NSAIDs may be part of the evolv-
ing spectrum of chronic eosinophilic rhinosinusitis with nasal polyps (see section
“Nonallergic Rhinitis with Eosinophilia”).

The primary treatment of rhinitis medicamentosa is discontinuation of the
offending agent or correction of the hormonal imbalance, if possible. Symptomatic
treatment may be helpful. Treatment of rebound nasal congestion associated with
topical decongestant use may require 5—7 days of oral prednisone or equivalent,
20-30 mg per day, followed by high-dose, topical, intranasal corticosteroid therapy.
Reassurance that the nasal symptoms are the result of the medications or hormonal
changes may be sufficient to discourage other unnecessary investigations if the
medical treatments causing the rhinitis are essential.

Atrophic Rhinitis

Atrophic rhinitis usually occurs in late middle-aged to elderly patients. The cause of
atrophic rhinitis is unknown with the leading theory being age-related mucosal atro-
phy, sometimes complicated by secondary bacterial infection. Primary atrophic rhi-
nitis resembles the rhinitis associated with Sjogren syndrome or previous nasal
surgery, particularly extensive turbinectomy. Examination generally reveals a patent
nasal airway with atrophic erythematous turbinates, despite the symptoms of
congestion.

Some subjects with atrophic rhinitis report crusting of the nasal airway and a bad
smell (ozena). Ozena is associated with bacterial overgrowth of the mucosa, par-
ticularly by Klebsiella ozaenae or Pseudomonas aeruginosa. The appearance of
ozena may resemble chronic granulomatous disease, such as granulomatosis with
polyangiitis (Wegener granulomatosis) or sarcoidosis, or the effects of previous
local irradiation. The prevalence of ozena is variable with a greater occurrence in
select geographic areas, such as southeastern Europe, China, Egypt, and India, and
a lower prevalence in northern Europe and the United States.

Symptomatic treatment of atrophic rhinitis with low-dose decongestants and
nasal saline lavage is minimally effective. Individuals with confirmed sicca complex
or Sjogren syndrome (Table 6.5) may benefit from oral cevimeline, 30 mg three
times daily, keeping in mind that bronchospasm and arrhythmias are potential side
effects. Oral antibiotic therapy is necessary for ozena. Topical antibiotic therapy,
such as gentamicin or tobramycin, 15 mg/mL, or ciprofloxacin, 0.15 mg/mL in
saline, may offer some benefit for subjects with atrophic rhinitis and recurrent
mucosal infections or sinusitis, although no well-designed clinical studies are
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Table 6.5 Potentially helpful tests in the diagnosis of systemic diseases with nasal symptoms

Disease Laboratory tests and imaging studies
Common variable immunodeficiency Quantitative immunoglobulins
Cystic fibrosis Sweat chloride test

CFTR genotyping

Eosinophilic granulomatosis with polyangiitis | ANCA (specifically p-ANCA)
(Churg-Strauss vasculitis)

Granulomatosis with polyangiitis (Wegener ESR

granulomatosis) ANCA (specifically c-ANCA)
Hypothyroidism TSH
Immotile cilia syndrome Saccharine taste test*
Nasal fractional exhaled nitric oxide
Relapsing polychondritis ESR
CRP
Sarcoidosis ESR
Angiotensin-converting enzyme level
Chest radiograph
Selective IgA deficiency Quantitative immunoglobulins
Sjogren syndrome ANA

Anti-Ro (SSA), anti-La (SSB)
Schirmer tear test®

Syphilis RPR
VDRL

Tuberculosis Tuberculin skin testing
Interferon-gamma release assays
Chest radiograph

ANA antinuclear antibody, ANCA antineutrophil cytoplasmic antibody, CFTR cystic fibrosis trans-
membrane conductance register, CRP c-reactive protein, ESR erythrocyte sedimentation rate, RPR
rapid plasma reagin, 7SH thyroid-stimulating hormone, VDRL Venereal Disease Research
Laboratory (test)

3Saccharine is placed with a cotton swab on the inferior turbinate, at the junction of the anterior and
middle thirds of the turbinate. The time required for tasting is recorded, with normal usually less
than 20 min. Greater than 30 min before tasting is considered indicative of dysfunction of ciliary
motility. The patient must be instructed not to sniff, blow the nose, or use any topical nasal thera-
pies during the test (Stanley et al., Corbo et al.).

A 5x35 mm piece of sterile filter paper is folded 5 mm from the end and inserted over the inferior
eyelid at the junction of the middle and lateral third. The eye is gently closed for 5 min, and the
length of wetting is measured after removal. Less than 5 mm indicates significant dryness; normal
is more than 15 mm (Available from Alcon Laboratories, Fort Worth, TX)

available to validate this treatment. The addition of propylene glycol, 3—15 %, or
glycerin to nasal saline may prolong the benefits of topical moisturization by reduc-
ing the water’s surface tension or reducing the irritation from irrigation. Application
of petrolatum or petrolatum with eucalyptus/menthol (Vicks ointment) to the nasal
mucosa at night may help reduce nasal bleeding. Topical shea butter (Butter Bar
Moisture Therapy), an over-the-counter herbal therapy, also may be of some benefit
but likewise is unproven.
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Fig. 6.4 Concha bullosa. This figure shows a coronal computed tomography scan image of the para-
nasal sinuses. The arrows point to the concha bullosa in each middle turbinate. In this case, septae
divide the concha bullosa into more than one air space. The usual result of the concha bullosa is
enlargement of the turbinate, usually resulting in chronic nasal congestion. Infection may occur in the
concha bullosa. Frequently, the septum is deviated away from a unilateral concha bullosa. Therefore,
this entity should be considered in a patient complaining of chronic congestion

Rhinitis Associated with Systemic Diseases or Anatomic Defects

The presence of systemic findings or the persistence of nasal symptoms despite
treatment should prompt consideration of systemic diseases or anatomic problems
resulting in nasal symptoms. Structural problems typically present with a predomi-
nance of unilateral symptoms or initially unilateral symptoms. Nasopharyngoscopy,
paranasal computed tomography, and/or otolaryngologic consultation is an essential
consideration with lateralizing nasal complaints, bleeding noted from one nasal air-
way, or unremitting congestion. Nasal septal deviations are the most common ana-
tomic nasal variants noted, but often septal deviation is not primarily responsible for
the symptoms, unless the deviation is very severe or coupled with mucosal disease
such as allergic rhinitis or PNAR. A concha bullosa is an anatomic variant in which
an air cell or cells occur within a nasal turbinate, often resulting in enlargement of
the turbinate with congestion (Fig. 6.4). Profuse rhinorrhea should prompt testing of
the secretions for glucose or for -2 transferrin (B-trace protein) to exclude cerebral
spinal fluid rhinorrhea.

Granulomatosis with polyangiitis (GPA or Wegener granulomatosis) may pres-
ent initially with upper airway complaints, particularly hearing loss, intractable
sinusitis, and persistent nasal congestion associated with purulent or bloody nasal
discharge. Sarcoidosis of the nasal airway may appear similarly, although not usu-
ally as necrotizing. Persistent sinusitis or recurring infectious complications should
prompt consideration of cystic fibrosis, partially cleft or submucosal cleft palate,
humoral immunodeficiency, or ciliary dysfunction. Table 6.5 lists potentially useful
tests to discriminate among the systemic possibilities.
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Treatment of Allergic Rhinitis

The treatment of allergic rhinitis is three pronged—allergen exposure modification or
avoidance, allergen immunotherapy (allergy shots or sublingual treatment), and phar-
macotherapy. A stepwise approach to the treatment of allergic rhinitis is shown in
Fig. 6.5. Clinical studies confirming efficacy of various therapies use symptoms as
primary outcome variables. More objective means of assessing allergic rhinitis would
be desirable, but such measures have not supplanted symptom scores in clinical trials
or clinical care. Potential objective assessments include acoustic rhinometry, rhino-
manometry, nasal peak flow, nitric oxide levels in exhaled air, concentration of media-
tors in nasal lavage, nasal cytology, and nasal histology. These assessments show
promise, but difficulties with reproducibility, necessity of patient cooperation or mas-
tering the technique, sampling error, and cost combine to reduce their utility. Using
symptom scores as the primary outcome variable limits the ability to compare treat-
ments, because the magnitude of response is not always consistent from study to study.
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Fig. 6.5 Stepwise approach to the treatment of rhinitis (Adapted from Reference). Legend: AH
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4 weeks



78 A.N. Pepper and D.K. Ledford
Allergen Avoidance

Avoidance is primarily helpful for indoor, domestic allergens, although occasion-
ally modifiable occupational exposures, such as animal contact or colophony fumes
during soldering, may be effective. Indoor avoidance focuses primarily on dust mite
allergen reduction (encasing the pillow, mattress, and box springs with a material
that does not allow dust mite movement) and washing all bedding in water at a tem-
perature greater than 130 °F. Washing removes the allergen, which is primarily
digestive enzymes present in dust mite excrement. The hot water is essential to
control dust mite populations, the source of the allergen. Studies to show benefit of
dust avoidance have failed when hot water washing was not assured. Air filter sys-
tems probably do not have a significant role in allergen avoidance, although high-
efficiency particulate air (HEPA) filters may be helpful for homes with animals and
possibly help with indoor mold spore reduction. Very little data support the use of
filtration.

Allergen Immunotherapy

Specific allergen immunotherapy can be administered subcutaneously or sublin-
gually. Indications include severe or persistent symptoms, poor response to medica-
tions, intolerance to or side effects from medications, or reluctance to take
medications (Fig. 6.5). The main advantage of allergen immunotherapy, in addition
to symptom improvement, is that the treatment alters the immune response.
Immunotherapy shifts the immune response from Th2-like (pro-allergic) to Thl-
like (nonallergic) upon exposure to an allergen, resulting in an increase in specific
IgG, with some studies showing a switch from specific IgG1 to IgG4. This immu-
nomodulation may reduce the development of additional sensitivities and minimize
the occurrence of asthma in subjects with allergic rhinitis. Pharmacotherapy, aimed
solely at symptom improvement, does not achieve these goals. Finally, immuno-
therapy offers the potential of treating allergic airway disease beyond the nose with
improvement in allergic conjunctivitis and/or asthma.

Subcutaneous Immunotherapy (SCIT)

Traditionally, specific allergen immunotherapy has been administered subcutane-
ously. Subcutaneous immunotherapy (SCIT) is used for the treatment of seasonal
and perennial allergic rhinitis, allergic asthma, and venom sensitivity with systemic
reactions. SCIT provides a 50 % reduction in medication and symptoms if sufficient
doses of the major allergens are administered to significantly (epicutaneous or per-
cutaneous positive skin tests) allergic subjects. This improvement is confirmed by
the majority of controlled trials with SCIT in both seasonal and perennial allergic
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rhinitis. Duration of SCIT is based on clinical experience and limited evidence. In
general, 3-5 years of maintenance treatment, usually administered every 3—4 weeks,
is necessary to minimize reoccurrence of symptoms after discontinuation. Optimal
duration minimum is likely longer for indoor, perennial allergens, suggested mini-
mum of 4 years, compared to outdoor, seasonal allergic sensitivity, suggested mini-
mum of 3 years.

The major impediments to SCIT are the inconvenience and cost of the therapy as
well as the risk of anaphylaxis. Analyses have shown that high-dose allergen immu-
notherapy is cost-effective because of the reduction of regular medication use.
Anaphylaxis following SCIT occurs in 0.1-3 % of treated subjects. This risk, which
is minimized by identification and treatment of anaphylaxis, requires that SCIT be
administered under the immediate supervision of a physician or health professional
trained in the treatment of anaphylaxis. Treated subjects should remain under obser-
vation for 30 min after receiving SCIT to minimize risk of reaction after departure.
Relative contraindications to SCIT include uncontrolled asthma, p-blocker therapy,
and possibly angiotensin-converting enzyme inhibitor therapy. Some clinicians are
less inclined to suggest SCIT in a subject with unstable autoimmune disease because
of the theoretical, unproven possibility that autoimmune disease could be aggra-
vated by the SCIT. SCIT should be initiated and supervised by a trained specialist
but can be administered by any physician who is prepared to treat anaphylaxis, the
most serious adverse effect of the treatment.

Sublingual Allergen Immunotherapy (SLIT)

In 2014, three sublingual tablets gained FDA approval in the United States for the
treatment of allergic rhinitis, with or without allergic conjunctivitis, due to specific
outdoor allergens. Two of the tablets are directed against grass pollens and the other
against short ragweed. Oralair (Stallergenes) contains five northern grass pollens
(Kentucky bluegrass, orchard, perennial rye, sweet vernal, and Timothy). Grastek
(Merck) contains Timothy grass pollen. The third approved product, Ragwitek
(Merck), contains short ragweed. A sublingual liquid containing short ragweed
extract has also been studied. Appropriate candidates for sublingual immunother-
apy (SLIT) must have documented positive epicutaneous or percutaneous skin test
or in vitro-specific IgE testing to the allergen contained in the tablet. The first dose
of each of these tablets must be administered under the supervision of a healthcare
professional to monitor for anaphylaxis, but if tolerated, subsequent doses can be
given at home. Given the inconvenience of recurrent office or clinic visits required
with SCIT, the home administration of SLIT is attractive to patients. Grastek has the
youngest approved age indication of 5 years. Oralair is approved for children and
adults aged 10 through 65 years, and Ragwitek is approved for adults aged 18
through 65 years. Oralair and Grastek have an FDA Class B rating in pregnancy,
while Ragwitek is Class C. SLIT can be given co-seasonally (initiated before the
season and continued throughout the season) or year-round. If used co-seasonally,
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Oralair should be started 4 months before grass pollen season. Grastek and Ragwitek
should be started 12 weeks before the start of grass pollen season and ragweed pol-
len season, respectively.

Side effects of SLIT are generally localized to the mouth and gastrointestinal
tract. Pruritus of the mouth and ears and throat irritation are the most common
adverse reactions, but cases of eosinophilic esophagitis are reported. Sublingual
immunotherapy may cause anaphylaxis, less than 1 case per million doses, and
patients should be prescribed auto-injectable epinephrine during home administra-
tion. All of the tablets are contraindicated in patients with a history of severe uncon-
trolled asthma, anaphylaxis, or eosinophilic esophagitis.

In terms of efficacy, further evidence is needed to definitively compare SCIT and
SLIT. However, some evidence suggests SCIT is superior to SLIT in the treatment
of allergic rhinitis. Also, SCIT offers the advantage of treating multiple allergen
sensitivities with a single injection, while SLIT is likely more effective for treatment
of a limited number of allergens. Currently, there is no approved SLIT product in
the United States which can be used in combination or contains multiple, non-cross-
reacting allergens. The advantages and disadvantages of each administration modal-
ity should be discussed in order to choose the most appropriate immunotherapy for
each individual patient.

Pharmacotherapy

Pharmacotherapy may be divided into two broad classes—topical or oral (Fig. 6.5).
Advantages of topical therapy are greater efficacy for nasal complaints and limited
adverse effects. Patient acceptance due to nasal irritation or taste is the major objec-
tion. Advantages of oral therapy include the potential to address the systemic nature
of the allergic response and greater patient acceptance compared to sprays.

Topical Therapy of Allergic Rhinitis

Topical corticosteroids offer 70 % improvement in approximately three-fourths of
treated subjects, with the greatest response generally in allergic rhinitis. In addition,
topical nasal corticosteroids improve symptoms in nonallergic rhinitis and subjects
with nasal polyps, conditions that typically do not respond to oral therapy, other than
corticosteroids and decongestants. Response with topical corticosteroids may occur
within 7-12 h, but maximum effect requires days to weeks. Differences among the
various products are minimal, although some agents (ciclesonide, fluticasone,
mometasone) have a greater first-pass clearance of swallowed drug with less oral
bioavailability. Almost 80% of a nasally administered drug is swallowed, but the
relatively low dosage used in nasal therapy limits potential systemic side effects.
However, studies with triamcinolone (Nasacort AQ) and beclomethasone dipropio-
nate (Beconase or Vancenase) at recommended dosage demonstrated a significant,
but small, reduction in growth of children. This is a reminder that systemic side
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effects may occur with topically applied medications. Mometasone (Nasonex), tri-
amcinolone (Nasacort AQ), and fluticasone furoate (Veramyst) have the youngest,
approved age indication, 2 years of age, and budesonide (Rhinocort) has the safest
Food and Drug Administration (FDA) classification for pregnancy, Class B, with
other agents Class C. The most common side effect with nasal corticosteroid therapy
is nasal bleeding. Bleeding is minimized by instructing the patient to administer the
spray in a lateral direction or toward the ipsilateral ear, to minimize septal deposition.
Mucosal atrophy does not occur with topical corticosteroids, but the anterior nasal
septum and anterior inferior turbinate have a squamous epithelium, with a possibility
of irritation, ischemia, and very rarely septal perforation with topical corticosteroid
application.

Other topical nasal treatments include antihistamines (azelastine and olopata-
dine), ipratropium, and cromolyn sodium. Olopatadine reduces mast cell degranula-
tion and is approved for seasonal allergic rhinitis. Azelastine seems to have
anti-inflammatory properties when applied topically. These effects include inhibi-
tion of mast cell degranulation and inflammatory cell recruitment and reduction of
adhesion receptors necessary for cell trafficking. Azelastine nasal spray is approved
for both seasonal allergic rhinitis and nonallergic rhinitis. Presumably, the anti-
inflammatory effects, rather than antihistamine properties, are important in the
improvement of nonallergic disease because histamine does not seem to be an
important mediator in nonallergic rhinitis. Thus, oral antihistamine therapy is inef-
fective for nonallergic rhinitis. Topical azelastine may provide symptom improve-
ment within 30 min to an hour in allergic rhinitis, making this an ideal therapy for
intermittent or as-needed use. A combination nasal spray containing both azelastine
and fluticasone (Dymista) is approved for the treatment of seasonal allergic rhinitis
in patients greater than 6 years of age. This combination therapy improves nasal
symptoms significantly more than either treatment alone. Ipratropium nasal spray
minimizes rhinorrhea by inhibiting muscarinic receptors. The indication is for both
allergic and nonallergic rhinitis, but the treatment is not as effective for mucoid
secretions as for watery secretions. Nasal sodium cromolyn is available over the
counter. This product must be used every 4—6 h to be significantly effective because
sodium cromolyn does not treat existing symptoms but rather reduces subsequent
symptoms from mast cell mediator release. Nasal sodium cromolyn is likely to be
useful in circumstances in which the affected subject can predict exposure to a
known allergen and use the product before exposure. For example, an animal-
allergic individual could use topical sodium cromolyn to suppress allergic rhinitis if
the medications were applied prior to visitation of the home with the animal and if
the sodium cromolyn is reapplied every 4-6 h. The requirement for regular admin-
istration makes sodium cromolyn relatively ineffective for chronic disease.

Oral Therapy of Allergic Rhinitis
Oral antihistamines, with or without decongestants, are the most commonly utilized

approach in allergic rhinitis (Table 6.6). The second- and third-generation antihista-
mines offer excellent relief of itching and sneezing without the side effects of
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Table 6.6 Oral antihistamines used in the treatment of rhinitis

Antihistamine Generation Availability™®
Cetirizine (Zyrtec) Second OTC
Chlorpheniramine (Aller-Chlor; Chlor-Trimeton) First OTC

Clemastine (Tavist Allergy) First OTC
Cyproheptadine (Periactin) First Prescription only
Desloratadine (Clarinex) Third Prescription only
Diphenhydramine (Benadryl) First OTC
Fexofenadine (Allegra) Third OTC
Hydroxyzine (Atarax, Vistaril) First Prescription only
Levocetirizine (Xyzal) Third Prescription only
Loratadine (Claritin) Second OTC

OTC over the counter; trade name in parentheses
2Availability information for the United States of America
®Antihistamines listed are all available as generic

excessive sedation, dryness, constipation, or bladder dysfunction. Thirty percent
improvement in 50% of treated subjects is the approximate expected clinical
response. The explanation for the reduced magnitude of response with oral antihis-
tamine therapy, compared to topical nasal corticosteroids, is the general lack of
improvement in congestion and inflammation and limited, if any, effect on nonal-
lergic rhinitis. Nonallergic rhinitis may coexist with allergic rhinitis in up to 50 % of
affected adults. In addition, symptoms of allergic rhinitis are the result of multiple
mediators, limiting the benefits of a single inhibitor (Table 6.2 and Fig. 6.1).
Selecting an oral antihistamine therapy is often predicated on formulary cover-
age, cost, prior therapeutic trials, tolerance, degree of functional impairment, and
personal bias. Sedating oral antihistamines, such as hydroxyzine or diphenhydr-
amine, are very effective H1 inhibitors but are limited by anticholinergic side effects
and sedation. Second- and third-generation antihistamines cause less anticholiner-
gic side effects and sedation. Cetirizine, desloratadine, fexofenadine, levocetirizine,
and loratadine are the second- and third-generation oral antihistamines available in
the United States. Distinguishing these agents is a challenge and subject to indi-
vidual opinion more than evidence. Several antihistamines are available over the
counter, including diphenhydramine, cetirizine, loratadine, and fexofenadine.
Others, including hydroxyzine, levocetirizine, and desloratadine, are available by
prescription only. A complete list is shown in Table 6.6. Cetirizine, desloratadine,
levocetirizine, and loratadine have the youngest approved age indication, 6 months.
One study shows some benefit in 50 % of subjects after changing oral antihistamine
therapy in individuals who have noted declining benefit with chronic antihistamine
treatment. This supports the commonly reported phenomenon of “resistance” or
tolerance to oral antihistamine therapy, without evidence of measurable change in
the histamine receptor. Adding an oral decongestant to an antihistamine may
improve the clinical response, particularly by reducing nasal congestion, but also
may result in side effects of nervousness, sleep disturbance, increase in blood
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pressure, tremor, and bladder dysfunction. This is a popular alternative due to the
primal importance of nasal congestion among affected subjects.

Oral montelukast is also effective for seasonal and perennial allergic rhinitis and
associated with minimal side effects. The degree of improvement is difficult to com-
pare to oral antihistamine therapy but is probably equivalent to slightly less effective.
An advantage of oral montelukast is a greater effect on asthma than oral antihistamines
at approved doses. Montelukast may be particularly useful in a subject with cough,
attributed to upper airway disease, but who may have a component of asthma as well.

Oral corticosteroid therapy of relatively short duration is effective for severe rhi-
nitis associated with congestion such that topical therapy is limited by the inability
to deliver the treatment to the affected mucosa. Oral corticosteroid therapy is also
helpful for nasal polyps and rhinitis medicamentosa. Treatment is generally limited
to 5-7 days to minimize side effects, and the dose is generally 0.5 mg/kg/day of
prednisone or equivalent.

Future Therapeutic Options for Allergic Rhinitis

Future therapies for allergic rhinitis may include immunomodulators such as monoclo-
nal anti-IgE (omalizumab), inhibitors of inflammatory cell immigration into the nasal
mucosa, and anti-inflammatory therapies. Omalizumab binds to soluble IgE and also
results in a reduction in the high-affinity receptor for IgE on mast cells and basophils
and probably on select dendritic cells and B lymphocytes. Omalizumab is currently
FDA approved for the treatment of moderate to severe, persistent asthma and chronic
idiopathic urticaria unresponsive to oral antihistamine therapy. It is not approved for
allergic rhinitis. Despite lacking FDA approval, omalizumab significantly improves
symptoms and quality of life in patients with poorly controlled allergic rhinitis.
Histamine 3 (H3) and histamine 4 (H4) receptor antagonists are considerations for the
treatment of allergic rhinitis. H3 receptors modulate vascular patency in the nasal
mucosa, and H4 receptors are expressed on mast cells, basophils, and eosinophils,
making these receptors attractive targets for allergic rhinitis therapy. Modulation of
TLRs is under investigation for the treatment of allergic rhinitis. Other potential thera-
pies include cytokine inhibitors and phosphodiesterase 4 inhibitors. The potential of
more rapid application of this cutting-edge science to allergic rhinitis is greater than
other diseases due to the relative ease of applying these therapeutics to the nasal
mucosa.

Conclusion

Allergic rhinitis is a common condition that significantly impacts the quality of life
of affected subjects and occurs coincidentally with a variety of other airway, sys-
temic, or allergic conditions. The application of an appropriate differential diagno-
sis and targeting therapy to the predominant symptom of the patient will allow the



84 A.N. Pepper and D.K. Ledford

physician to make a major difference in the lives of affected subjects. Nasal disease
is complex in scope, but the two most common conditions, allergic rhinitis and
perennial nonallergic rhinitis, can be assessed with a modest degree of investigation.
As with most medical conditions, the history is paramount because the physical
findings in rhinitis are somewhat limited or nonspecific. Consideration should
always be given to systemic diseases other than allergy, particularly if the clinical
data are inconsistent or initial response to therapy is disappointing. Appropriate
allergy testing is essential to confirm the diagnosis of allergic rhinitis. Knowledge
of the environment and the important allergens in a particular area are critical to
understanding the results of allergy testing. Many of the “panels” offered by com-
mercial laboratories are not targeted to specific environments. Allergists/immunolo-
gists have a unique advantage in the assessment of affected subjects because their
training encompasses both the immunologic and environmental factors that affect
the upper airway.

Evidence-Based Medicine

Tsabouri S, Tseretopoulou X, Priftis K, Ntzani EE. Omalizumab for the treatment of
inadequately controlled allergic rhinitis: a systematic review and meta-analysis of
randomized clinical trials. J Allergy Clin Immunol Pract. 2014,2(3):332—40.el.

Omalizumab, a monoclonal antibody which binds and neutralizes IgE, shows
promise in the treatment of poorly controlled seasonal and perennial allergic rhini-
tis. This systematic review examines 11 randomized controlled trials including
2,870 subjects. Omalizumab significantly improved nasal symptoms and quality of
life and reduced the use rescue medications. However, the magnitude of reduction
in nasal symptoms was somewhat modest, especially when considering the substan-
tial cost of this therapy.

Chelladurai Y, Suarez-Cuervo C, Erekosima N, Kim JM, Ramanathan M, Segal
JB, Lin SY. Effectiveness of subcutaneous versus sublingual immunotherapy for the
treatment of allergic rhinoconjunctivitis and asthma: a systematic review. J Allergy
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and sublingual immunotherapy for seasonal allergic rhinitis: a systematic review and
indirect comparison. J Allergy Clin Immunol. 2013;131(5):1361-6.

Although both subcutaneous and sublingual immunotherapy are useful in the
treatment of allergic rhinitis, the superiority of one mode of administration over the
other is an area of active debate. Two systematic reviews attempted to assess if SCIT
or SLIT is more effective. Dretzke et al. stated more head-to-head trials are needed
to make a conclusion about the relative effectiveness of SCIT versus SLIT. However,
Chellandurai et al. concluded there is moderate-grade evidence that SCIT is supe-
rior to SLIT in reducing allergic rhinitis and rhinoconjunctivitis symptoms.
Continued research is needed to elucidate the comparative effectiveness of SCIT
versus SLIT.
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Chapter 7
The Effect of Rhinitis on Sleep, Quality
of Life, Daytime Somnolence, and Fatigue

Geetika Sabharwal and Timothy J. Craig

Introduction

Patients with allergic rhinitis, one of several inflammatory disorders of the upper
respiratory tract, often suffer from impaired sleep. A recent survey of allergic rhini-
tis patients revealed that 68 % of respondents with perennial allergic rhinitis (PAR)
and 48 % with seasonal allergic rhinitis (SAR) reported that their condition caused
significant sleep disturbances. The major symptoms of the disorder, nasal conges-
tion, mediators of the underlying inflammatory reaction, and other allergic symp-
toms such as ocular pruritus, can cause the sleep impairment associated with allergic
rhinitis, daytime somnolence, and fatigue.

The symptoms of allergic rhinitis include rhinorrhea; sneezing; pruritus of the
eyes, nose, and throat; and nasal congestion. Nasal congestion stands as one of the
most prominent and bothersome symptoms of the disorder, especially since it is
linked to sleep-related problems associated with allergic rhinitis, such as sleep-
disordered breathing, including snoring and sleep apnea.

The prevalence of inflammatory disorders of the upper respiratory tract makes
the sleep impairment associated with many of these disorders a common problem.
Allergic rhinitis alone reportedly affects approximately 25 % of the world’s popula-
tion, and its prevalence has continued to climb. It has been estimated that the disor-
der affects 20—40 million people in the United States, which includes approximately
40 % of the nation’s children. In Europe, the prevalence of allergic rhinitis is esti-
mated as 23 % of the population.

Those who suffer from allergic rhinitis often cannot escape the socioeconomic
burdens associated with living with the disorder. In 2000, patients spent over six
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billion dollars on prescription medications for allergic rhinitis. Along with this
overwhelming cost of treatment, patients also experience the secondary cost of poor
productivity, which stems from the negative impact of the disorder’s symptoms on
patients lives. Also, the use of therapies can induce daytime somnolence and other
factors can impinge upon quality of sleep. The detrimental effect of allergic rhinitis
on patient’s quality of life has been demonstrated by generic health-related quality
of life questionnaires, such as the Medical Outcomes Study Short Form Health
Survey (SF-36), and disease-specific measures, such as the Rhinoconjunctivitis
Quality of Life Questionnaire (RQLQ). This adverse impact on patient’s quality of
life may result from the sleep impairment associated with the disorder.

Though studies have shown that treatments for allergic rhinitis, particularly those
that improve symptoms of nasal congestion, can improve patient’s sleep and quality
of life, further research is needed to elaborate these limited existing data. This chap-
ter explores the sleep impairment associated with allergic rhinitis and the adverse
effects of disturbed sleep on patient’s quality of life. This chapter will also examine
how these effects are impacted by therapies that target the disorder’s underlying
problems influencing sleep.

Evidence for Sleep Impairment in Allergic Rhinitis

Allergic rhinitis and other inflammatory disorders of the upper respiratory tract are
generally associated with sleep impairment, daytime somnolence, and fatigue. All
of the multiple symptoms of allergic rhinitis, nasal congestion in particular, can
detrimentally affect sleep. The Allergic Rhinitis and its Impact on Asthma (ARIA)
guidelines (Table 7.1) serve to classify allergic rhinitis severity and provide a mea-
sure for this degree of sleep impairment. The sleep disturbances allergic rhinitis
patients suffer from include microarousals and sleep-disordered breathing, which
includes snoring to obstructive sleep apnea and/or hypopnea. Chronic excessive
daytime sleepiness or fatigue has been demonstrated as a more likely disturbance in
patients with frequent nighttime symptoms than in those with rare or no such symp-
toms. Further examples illustrating that sleep impairment is a major concern for

Table 7.1 ARIA guidelines for the classification of allergic rhinitis

I. Classified into intermittent and persistent based on symptoms

Intermittent Persistent
Symptoms present less than 4 days per Symptoms present more than 4 days per week or
week or less than 4 consecutive weeks more than 4 consecutive weeks

II. Classified into mild and moderate to severe based on severity
Mild Moderate to severe
Symptoms present but are not troublesome | Symptoms are troublesome

No sleep impairment or impairment in Associated with impairment of sleep and
school or work or of daily activities, leisure, |impairment of school or work and of daily
or sport activities, leisure, or sport
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allergic rhinitis patients include studies showing that allergic rhinitis leads to snor-
ing and that concomitant allergic rhinitis independently relates to difficulty sleeping
and daytime sleepiness in bronchial asthma patients.

Mechanisms of Sleep Impairment

To alleviate the symptom of sleep impairment in patients with allergic rhinitis, the
mechanisms involved in this problematic issue must first be identified. Recent stud-
ies have proposed that the reduced sleep quality and daytime fatigue characteristic
in allergic rhinitis patients may consequently arise from sleep impairment second-
ary to symptoms of the disorder, particularly nasal congestion. Or, indeed sleep
impairment may be due to the effects of the disorder itself, such as the underlying
pathophysiological changes associated with allergic rhinitis leading to the release of
cytokines and other inflammatory mediators.

Nasal Congestion

Nasal congestion, which results when the cavernous tissues of the nasal turbinates
swell following dilation of the capacitance vessels, is a common and bothersome
symptom that affects numerous allergic rhinitis patients. Its mechanism involves the
reduction in the internal nasal diameter and the increase in airway resistance to
nasal airflow. The symptom can also cause nasal obstruction. Subjective, clinical
assessments of nasal congestion severity exist, as well as objective measures of
nasal airflow, such as peak nasal inspiratory flow (PNIF), assessments of airway
resistance and conductance (rhinomanometry), and acoustic rhinometry, which
assess the volume and area of the nasal cavity by analyzing reflected sound waves.

The symptom of nasal congestion worsens at night and first thing in the morning,
peaking at 6 AM, presumptively due to the posture change when an individual first
lays down and to the normal decrease in serum cortisol levels overnight. The lower
cortisol levels lead to greater nocturnal airway obstruction and may partially explain
the large-amplitude circadian variation (Fig. 7.1). These changes and others noted
in Table 7.2 may serve to explain why patients with inflammatory nasal conditions
and nasal congestion often suffer from sleep impairment and daytime fatigue
(Table 7.2).

Results from an Internet survey of 2355 individuals with allergic rhinitis or the
parents of children with allergic rhinitis further reinforced the complaints of those
suffering from the disorder. Eighty five percent of the respondents or their children
reported experiencing nasal congestion, and 40 % of all respondents, the greatest
proportion of participants who rated the severity of various symptoms, considered
their nasal congestion severe (Fig. 7.2). Approximately 50 % of the respondents
reported that nasal congestion was their most bothersome symptom and that it woke
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Fig. 7.1 Circadian rhythms in nasal congestion

Table 7.2 Factors causing Specific reactions to allergens and histamines
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Fig. 7.2 Severity of symptoms in individuals with allergic rhinitis. *Other symptoms include
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them during the night and made it difficult to fall asleep. Twenty percent of adult
respondents claimed that their partner’s or spouse’s sleep was adversely affected by
their nasal congestion, and the degree of sleep impairment correlated with the sever-
ity of their congestion. Moreover, the survey revealed that nasal congestion nega-
tively impacted the individual’s or their children’s emotions and ability to perform
daily activities, all of which may result from the detrimental effects of nasal conges-
tion on sleep.

Studies on treatments for nasal congestion associated with allergic rhinitis, such
as one by Craig et al. on treatment with topical nasal corticosteroids, propose that
the poor sleep and daytime somnolence characteristic of the disorder is predomi-
nantly attributed to the symptom of nasal congestion. Increased sleep apnea and
transient arousals even occur when subjecting healthy individuals to nasal occlusion
with a noseclip. Previous studies that objectively assessed the sleep patterns of aller-
gic rhinitis patients demonstrated that their symptoms of nasal congestion led to
increased microarousals and episodes of apnea at night. Subjective instruments,
such as Juniper’s Nocturnal Rhinoconjunctivitis Quality of Life Questionnaire
(NRQLQ), correlate with the objective findings noted on polysomnography. Allergic
rhinoconjunctivitis patients who complained of impaired sleep due to nighttime
symptoms found nasal and sinus congestion to be among their most bothersome and
troublesome symptoms.

A population-based study on the role of acute and chronic nasal congestion in
sleep-disordered breathing, which used 4927 subjects with a history of nasal con-
gestion and impaired sleep, showed that patients with frequent nocturnal rhinitis
symptoms, compared to those with rare or no symptoms, were more likely to com-
plain of habitual snoring, chronic nonrestorative sleep, and excessive daytime
fatigue. Additionally, the study illustrated that subjects with allergic rhinitis-
associated nasal congestion were 1.8 times more likely to suffer from moderate to
severe sleep-disordered breathing, compared to subjects with allergic rhinitis and no
reported nasal congestion. Rhinitis and other forms of nasal obstruction must be
considered and treated in patients with primary sleep-associated breathing disorders
as an adjunct to surgical and nonsurgical treatment. Topical nasal steroids may
enhance compliance and effectiveness of continuous positive airway pressure
(CPAP) especially in patients, but not limited to those, with allergic rhinitis.

Immune Response Mediators

Histamine and cytokines are examples of inflammatory mediators released in the
process of an allergic reaction, and such mediators, or the inhibition of, may directly
influence the central nervous system and result in the disturbed sleep and daytime
somnolence characteristic of allergic rhinitis. Histamine helps regulate the sleep-
wake cycle and arousal, while the higher levels of the cytokines interleukin (IL)- 1,
IL-4, and IL-10 seen in patients with allergies, compared with healthy individuals,
correlate with increased latency to rapid eye movement (REM) sleep, decreased time
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Table 7.3 Comparison of cytokines associated with rhinitis and sleep disturbance in patients with
allergy, nonallergic patients, and patients with obstructive sleep apnea

Nonallergic
Allergic individuals individuals Individuals with obstructive sleep apnea
Elevated IL-1p, IL-4, Elevated IL-1ra, Elevated IL-1, IL-6, TNFa, T-helper 2
IL-10, and histamine IL-2, IL-12 lymphocytes, and bradykinin

Table 7.4 Assessment

of sleep quality and quality
of life based on
questionnaires

Disease-specific questionnaires

Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ)
Nocturnal Rhinoconjunctivitis Quality of Life Questionnaire
(NRQLQ)

Pediatric Rhinoconjunctivitis Quality of Life Questionnaire
(PRQLQ)

General measures questionnaires

Epworth Sleepiness Scale (ESS)

Stanford Sleepiness Scale (SSS)

Pittsburgh Sleep Quality Index

Calgary Sleep Apnea Quality of Life Index

University of Pennsylvania Functional Outcomes of Sleep
Questionnaire

Summary diary
Medical Outcomes Study Sleep Module (MOSSM)
Medical Outcomes Study Short Form 36 (SF-36)

in REM sleep, and decreased latency to sleep onset. It is postulated that any such
disruptions in REM sleep may cause daytime fatigue, difficulty concentrating, and
poor performance in allergic rhinitis patients. Inflammatory cells and mediators
exhibit evident circadian variation, with its highest levels in the early morning hours,
thus possibly explaining why the peak of allergic rhinitis symptoms frequently
occurs upon waking and why nighttime sleep is detrimentally affected in the disor-
der. In addition, TNF, IL-1, and IL-6 are cytokines increased in allergic rhinitis and
may cause daytime fatigue and other nonspecific generalized symptoms typical of a
“flu-like condition.” A list of inflammatory mediators in rhinitis that can account for
the symptoms of daytime somnolence and fatigue is outlined in Tables 7.3.

Sleep Impairment and Quality of Life

The Effects of Sleep Impairment

Patients with allergic rhinitis often face adverse consequences of sleep disturbances,
such as impaired cognitive function, decreased productivity, and poor performance.
In children with allergic rhinitis, learning ability and school performance are
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afflicted. While symptoms of the disorder may lead to these consequences, the sleep
impairment caused by allergic rhinitis is the most likely cause of poor productivity.
Sleep-disordered breathing and sleep impairment have been known to correlate with
decreased quality of life in the general population. Specifically, it has been shown
that experimentally induced sleep fragmentation in healthy subjects leads to
impaired mental flexibility and attention, increased daytime fatigue, and impaired
mood. Children and adolescents with allergic rhinitis also suffer from impaired
sleep, which has been shown to result in problems doing schoolwork and poor
school performance, compared to controls.

A survey across five European countries using patients suffering from allergic
rhinitis or urticaria showed that a considerable proportion of respondents reported
snoring or poor sleep and not feeling rested in the morning. Of these respondents,
29-79% and 28-56 %, respectively, depending on the country, considered these
problems either disruptive and extremely disruptive. Results from an Internet sur-
vey of 1322 individuals with rhinitis showed that both perennial and seasonal rhini-
tis interfered with sleep (68 % and 51 % of respondents, respectively) and daily
routine (58 % and 48 %, respectively). Additionally, the sleep impairment suffered
by allergic rhinitis patients has been linked to reduce psychological well-being, day-
time fatigue, difficulty concentrating, and impaired psychomotor performance.

Measuring Sleep Impairment and Impact on Quality of Life

Studies on the subjective and objective measurements of sleep impairment and its
influence on patients’ quality of life particularly emphasize the major impact of this
problem in patients with such inflammatory nasal conditions as allergic rhinitis. In
patients with this disorder, the majority of studies have utilized subjective measures,
such as questionnaires (Table 7.4) or daily scoring of symptoms, sleep problems,
daytime somnolence, and fatigue. Juniper’s Rhinoconjunctivitis Quality of Life
Questionnaire (RQLQ) uses quality of life measures that are disease specific and
includes a domain that assesses the effects of disease and/or treatment on patients’
sleep. Such questionnaires emphasize the problems and symptoms patients com-
monly complain of and seek help for and are thus more sensitive to alterations in
patients’ quality of life than generic health status questionnaires. The Nocturnal
Rhinoconjunctivitis Quality of Life Questionnaire (NRQLQ) focuses on the func-
tional impairments of patients with nighttime symptoms and assesses problems and
symptoms during sleep time, as well as upon waking hours. The Pediatric
Rhinoconjunctivitis Quality of Life Questionnaire (PRQLQ) focuses on similar
symptoms but is designed for children. The Epworth Sleepiness Scale, Stanford
Sleepiness Scale (SSS), Pittsburgh Sleep Quality Index, Calgary Sleep Apnea
Quality of Life Index, and the University of Pennsylvania Functional Outcomes of
Sleep Questionnaire, summary diary, Medical Outcomes Study Sleep Module, and
Medical Outcomes Study Short Form 36 serve as general questionnaires that exam-
ine quality of sleep and daytime somnolence. However, the latter questionnaires
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may be inadequate in their analysis of the mild-to-moderate sleep impairment char-
acteristic of allergic rhinitis since they have less sensitivity.

Studies on allergic rhinitis that objectively assess sleep by using polysomnogra-
phy are small in number. One such study observed 25 patients with SAR and 25
healthy volunteers, all of whom underwent two consecutive nights of polysomnog-
raphy before and during the pollen season. The results showed statistically signifi-
cant differences between the two groups in sleep parameters, which included
increases in the apnea index (number of apneas per hour), hypopnea index (number
of hypopneas per hour), apnea-hypopnea index (AHI), snoring time, amount of
REM sleep, and sleep latency. However, the AHI was within normal limits (below
5 AHI per hour) both during and out of the allergy season, suggesting that rhinitis
does not predispose to sleep apnea; however, the subjects did experience significant
changes in some of the other outcomes of the study. Most importantly, statistical
significance was also reported in daytime sleepiness, which was subjectively mea-
sured using the Epworth Sleepiness Scale, in SAR patients, compared to healthy
subjects. These results suggest a correlation between subjective and objective mea-
sures of sleep impairment and worsening of sleep quality when allergy symptoms
are active.

Effects of Therapy

Treatments aimed at reducing nasal congestion may alleviate sleep disturbances and
daytime somnolence and consequently improve the quality of life in those who suf-
fer from allergic rhinitis. However, the multiple treatments for the disorder vary in
their efficacies.

Sedating antihistamines are no longer recommended in allergic rhinitis and are
especially contraindicated in patients who complain of daytime sedation, fatigue,
and functional impairment. Common treatment for allergic rhinitis includes non-
sedating oral antihistamines, which alleviate nasal symptoms such as rhinorrhea,
sneezing, and pruritus, but may be less effective in reducing nasal congestion.
Studies by Murray et al., Golden et al., and others suggest that treatment using oral
or topical antihistamines results in improved sleep and quality of life, but less so
than topical nasal corticosteroids.

Oral decongestants are successful in improving nasal congestion but may detri-
mentally impact sleep due to their stimulatory effects and, additionally, may result
in systemic side effects, such as tachycardia, urinary retention, and decreased sexu-
ality. For these reasons the benefits of oral decongestants often outweigh the bene-
fits. Topical decongestants improve sleep in patients with nasal obstruction but
should not be used for more than a few days, due to the risk of rhinitis medicamen-
tosa or “rebound” congestion. Minimal data are available suggesting that nasal cor-
ticosteroids and topical decongestants can be used together safely for prolonged
periods, but more data are needed before suggesting this treatment.
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Data, though very limited, shows that the anticholinergic agent, ipratropium bro-
mide, may improve sleep and quality of life. However, ipratropium bromide appears
to be unsuccessful in the relief of nasal congestion. Studies have shown that either
leukotriene receptor antagonists as monotherapy or in combination with an antihis-
tamine effectively improve sleep and quality of life in allergic rhinitis patients and
in those who suffer from sleep-disordered breathing, but less so than topical nasal
corticosteroids. Unfortunately, data addressing the benefits of immunotherapy
(allergy vaccine) on sleep and daytime somnolence associated with allergic rhinitis
are limited. Intranasal corticosteroids alleviate congestion and other nasal symp-
toms of allergic rhinitis and are used as first-line therapy when nasal obstruction is
a predominant symptom in patients.

The Role of Intranasal Corticosteroids

Intranasal corticosteroids have been shown to effectively relieve all the nasal symp-
toms of allergic rhinitis including congestion. The effectiveness of intranasal corti-
costeroids in relieving nasal congestion may have a positive impact on sleep,
daytime somnolence, and quality of life in patients who suffer from allergic rhinitis.
Studies on adults and children with PAR support the hypothesis that intranasal cor-
ticosteroids decrease nasal congestion and subjective daytime sleepiness and fatigue
and improve sleep and quality of life. Further studies displayed efficacy in the
improvement of nasal symptoms and quality of life, as well as verbal memory.
Treatment was also proven to alleviate allergic rhinitis associated with OSAS and to
consequently lead to both significantly lower frequencies of apnea-hypopnea epi-
sodes and subjective improvements in nasal congestion and daytime alertness,
though snoring noise was unchanged.

Studies in allergic rhinitis patients using the RQLQ, NRQLQ, and the Pittsburgh
Sleep Quality Index revealed that intranasal corticosteroid improves both nasal con-
gestion and health-related quality of life, including sleep. These studies therefore
support the notion that treatments focusing on the nasal symptoms of allergic rhini-
tis may reduce sleep impairment and improve patients’ quality of life.

Conclusions

The quality of life in patients with allergic rhinitis is detrimentally impacted by the
sleep impairment associated with the disorder. One of the key causes leading to
sleep disruptions and sleep-disordered breathing is nasal congestion, which is one
of the most common and bothersome symptoms of allergic rhinitis. Recent research
has led to the use of therapeutic agents that specifically target nasal congestion asso-
ciated with sleep impairment.
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Intranasal corticosteroids stand as effective treatment that significantly reduces
nasal congestion in allergic rhinitis. Clinical trials using this treatment suggest that
this reduction in nasal congestion correlates with decreased sleep impairment,
reduced daytime somnolence, and improved quality of life.

Further research is necessary to definitively conclude with objective instruments
that intranasal corticosteroids hold the ability to improve sleep and quality of life in
patients with allergic rhinitis. In addition, studies with immunotherapy are needed
since few have addressed sleep or daytime somnolence. These studies should utilize
sleep-related measures as primary end points and assess sleep parameters both sub-
jectively and objectively, thus serving to identify the most effective therapies for
alleviating the detrimental effects of sleep impairment associated with allergic
rhinitis.

Evidence-Based Medicine

The hypothesis of sleep and the consequences of poor sleep from allergic rhinitis
has been primarily supported by controlled subjective assessments, but controlled
objective studies have also shown that allergic rhinitis can interfere with sleep and
that the reduction of nasal congestion correlates with improvement in daytime som-
nolence and fatigue. Nonetheless, better research studies are necessary with immu-
notherapy, allergen avoidance, and traditional medications, using objective measures
and demonstrating a direct correlation between improvements of congestion, sleep
quality, daytime somnolence, and fatigue and reduction in inflammatory mediators.
In a recent study by Trikojat et al., seasonal allergic rhinitis patients had a slower
processing speed during both symptomatic and non-symptomatic allergy periods.
They showed a more flexible adjustment in attention control, which may serve as a
compensatory strategy. Reduction in processing speed was positively associated
with total IgE levels, whereas flexible adjustment of attention was linked with anx-
ious mood. No association was found between seasonal allergic rhinitis-related
attention deficits and allergy characteristics or sleep. These cognitive alterations are
more likely to be influenced by mood and basal inflammatory processes than sleep
impairments or subjective symptom severity.

In another study by Ridolo et al., parents of children suffering from allergic dis-
eases were recruited from the Pediatric Allergy Units of Parma University.
Evaluation of sleep in parents was based on the Pittsburg Sleep Quality Index
(PSQI), while in children it was based on the Sleep Disturbance Scale for Children
(SDSC). 75.6 % of them had a PSQI >5, indicating that most parents had a sleep
quality perceived as bad. The PSQI >5 was more common in parents of children
with asthma and rhinitis. In children, 62.3 % had a total score >39 on the SDSC. The
quality of sleep in parents and children was significantly correlated (p<0.001).
These findings make it apparent that an alteration of sleep in children can also affect
the parents. Such effect further weighs the burden of respiratory allergy and needs
to be considered in future studies.
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Chapter 8
Sinusitis

Kevin C. Welch, Kara Detwiller, and Andrew N. Goldberg

General Considerations

Inflammation or infection of the paranasal sinuses is termed sinusitis. Because
sinusitis as a clinical entity rarely exists without associated rhinitis, the use of the
term rhinosinusitis when referring to this disease entity is preferred. Acute and
chronic rhinosinusitis affect approximately 12% of the US population annually.
The impact of rhinosinusitis results in nearly 25 million visits to physicians annually
with direct and indirect health-care expenditures exceeding $11 billion. In addition
to the financial implications, rhinosinusitis results in significantly reduced
health-related quality of life with patients reporting worse scores than patients with
other chronic medical conditions including congestive heart failure and chronic
obstructive pulmonary disease. For these reasons, rhinosinusitis remains a subject
of active research in both the medical and pharmaceutical communities.
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Classification of Rhinosinusitis

In the clinical setting, virtually all episodes of acute bacterial rhinosinusitis (ABRS)
are preceded by viral rhinosinusitis (VRS) or the common cold. Studies consistently
show that distinguishing VRS from ABRS is often difficult because the two condi-
tions possess similar symptom profiles, and the available imaging modalities have
failed to reliably distinguish between the two disease entities. VRS is also very com-
mon with adults averaging two to five episodes per year. This results in frequent
inappropriate treatment of VRS with antibiotics and the potential development of
antibiotic resistance. In fact, a recent randomized double-blinded placebo-controlled
trial demonstrated that amoxicillin was no better than placebo in treating symptoms
and duration of acute rhinosinusitis. Nevertheless, as the duration of the illness
increases, the likelihood of a bacterial suprainfection increases. Therefore, the clini-
cal diagnosis of ABRS may be made after 10 days of purulent nasal drainage with
nasal obstruction and/or facial pain/pressure/fullness without improvement or an ini-
tial improvement in symptoms followed by worsening within 10 days from the onset
of the upper respiratory infection (double worsening). Bacterial rhinosinusitis is
arbitrarily categorized in terms of the duration of symptoms. Acute bacterial rhino-
sinusitis is diagnosed when signs and symptoms have been present for less than
4 weeks. Recurrent acute rhinosinusitis (RARS) is diagnosed in patients who have
>3-4 episodes of ABRS/year. Subacute bacterial rhinosinusitis is diagnosed when
signs and symptoms have been present for 4—12 weeks. Chronic rhinosinusitis (CRS)
is diagnosed in patients with 12 weeks of two to four subjective symptoms and at
least one objective finding of paranasal sinus inflammation (Table 8.1). Based on the
presence of polyps on endoscopic examination, patients with CRS are broadly
divided into two phenotypes: CRS without nasal polyposis (CRSsNP) and CRS with
nasal polyposis (CRSwNP), although many feel that this does not adequately char-
acterize patients with CRS given variance in histopathology. Patients diagnosed with
CRSwNP may also have additional clinical characteristics that allow further subclas-
sification such as cystic fibrosis, aspirin sensitivity and asthma (Samter’s triad), or
allergic fungal sinusitis which may alter treatment recommendations and outcomes.

Table 8.1 Diagnostic criteria for chronic rhinosinusitis (CRS)

Twelve weeks of symptoms including two or more of the following:

Mucopurulent drainage (anterior or posterior)

Nasal obstruction/congestion

Facial pain/pressure/fullness

Decreased sense of smell

AND one or more of the following objective findings:

Purulent sections or edema of the middle meatus or ethmoid region on endoscopy

Polyps in the nasal cavity or middle meatus on endoscopy

Radiographic imaging (CT preferred over MRI) demonstrating inflammation of the paranasal

sinuses

Adapted from Rosenfeld et al. and Fokkens et al.
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Anatomy

The anatomy of the nose and paranasal sinuses is highly variable and often com-
plex. Knowledge of the anatomy and relationships (Figs. 8.1 and 8.2) of the parana-
sal sinus structures to each other and to other vital organs (orbit, optic nerve, and
carotid artery) permits an understanding of the pathophysiology of rhinosinusitis as
well as the factors that impede treatment and lead to recurrent disease. Each sinus is
lined with mucosa consisting of ciliated pseudostratified columnar epithelium. The
cilia propel mucus and debris toward the natural ostium of each sinus in a predict-
able fashion (Fig. 8.3).

The Septum and Turbinates

The septum anatomically divides the nasal cavity into two halves. It is composed of
four bony and cartilaginous elements: the quadrilateral cartilage (anterior), the per-
pendicular plate of the ethmoid bone (superior and posterior), the vomer bone (infe-
rior and posterior), and the maxillary crest (along the floor of the nasal cavity). It is
lined with ciliated pseudostratified columnar epithelium. It is estimated that as
many as 80 % of septa are deviated in some fashion; however, these deviations are
often asymptomatic and infrequently the cause of disease. Significant septal devia-
tions may cause nasal obstruction or compress the middle turbinate, thus obstruct-
ing the ostiomeatal complex and preventing sinus outflow.

Fig. 8.1 Axial anatomy of
the nasal cavity and the
paranasal sinuses. Important
anatomic landmarks and
relevant sinuses are detailed.
E eye, ON optic nerve,

S sphenoid sinus, B brain,

* ethmoid sinuses; red arrow
points to medial rectus
muscle, which is susceptible
to injury during endoscopic
sinus surgery given its
proximity to the ethmoid
sinuses
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Fig. 8.2 Coronal anatomy
of the nasal cavity and the
paranasal sinuses.
Important anatomic
landmarks and relevant
sinuses are detailed. M
maxillary sinus, E ethmoid
sinus, F frontal sinus, IT
inferior turbinate, MT
middle turbinate, * anterior
ethmoidal artery; long
arrow medial rectus
muscle; short arrow
superior oblique muscle.
The area shaded in green is
the middle meatus and
ostiomeatal complex

Fig. 8.3 The pathway of
mucociliary clearance cilia
beat in a predictable
fashion such that mucus
and debris are propelled
toward the natural ostium
of the sinus. Disrupting
this flow can lead to stasis
or recirculation (if an
iatrogenic ostium is
created)

K.C. Welch et al.
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The turbinates are mucosa-lined structures that arise from the cartilaginous nasal
capsule during the eighth week of embryological development. Typically, three tur-
binates on each side (superior, middle, and inferior turbinates) persist into adult-
hood. The majority of each turbinate is lined with ciliated pseudostratified columnar
epithelium, and olfactory tissue can be found on the middle and superior turbinates.
The inferior and middle turbinates contain numerous venous plexuses that under
parasympathetic stimulation dilate in a cyclic fashion to alter the patency of the
nasal cavity. This natural phenomenon is known as the nasal cycle. Additionally, the
mucosa lining these turbinates is particularly responsive to external irritants and
allergens that can lead to nasal obstruction and rhinorrhea.

The Ostiomeatal Complex

The confluence of drainage pathways from the maxillary sinus, frontal sinus, and
anterior ethmoid sinuses forms the ostiomeatal complex (OMC) (Fig. 8.4). The
OMC is not an anatomic structure per se, but rather a pathway that when obstructed
by inflamed mucosa or a mass may cause subsequent sinus obstruction and
ultimately infection. Familiarity with the OMC is particularly important in
understanding the pathophysiology of acute and chronic rhinosinusitis, and this
outflow pathway should be examined in great detail when reviewing computed
tomography scans in patients (discussed later). Obstruction of the ostiomeatal
complex helps one understand how disease in this region can lead to secondary
obstruction of the maxillary and frontal sinuses.

Fig. 8.4 A coronal
computed tomography
image of a patient
demonstrating the
ostiomeatal complex
(arrows defining black
space). It should be evident
that obstruction of this
small region can lead to
obstruction in the
maxillary or ethmoid
sinuses
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The Paranasal Sinuses
Macxillary Sinus

The maxillary sinus represents an expansion of the lateral nasal wall (infundibulum)
into the maxillary bone that occurs around the eighth week of gestation. Subsequent
pneumatization is biphasic: the first phase in early childhood and the second phase
in adolescence. Through most of its expansion, the floor of the maxillary sinus
remains at the same level as the floor of the nasal cavity; however, during its final
growth, the floor of the maxillary sinus may pneumatize the maxillary alveolar
process and rest 5-10 mm below the floor of the nasal cavity. The ostium of the
maxillary sinus is located on the medial wall of the sinus and is approximately
2-3 mm in diameter. An accessory ostium located posterior to the natural ostium is
identified in 15-20% of cases. The cilia of the maxillary sinus direct mucus and
debris through the natural ostium and into the middle meatus.

Ethmoid Sinuses

The ethmoid sinuses develop from a series of lamellae and grooves that suspend
from the cribriform plate and along the lateral nasal wall around the eighth week of
gestation. The first lamella typically forms the agger nasi cell superiorly and the
uncinate process inferiorly. The second lamella forms the bulla ethmoidalis, an
anterior ethmoid cell. The third lamella forms the middle turbinate, the medial
boundary of the middle meatus. The remainder of the lamellae forms the posterior
ethmoid cells and the superior turbinate. Several other ethmoid cells that may
develop are of clinical importance. An infraorbital ethmoid or Haller cell may proj-
ect into the maxillary sinus near the maxillary sinus ostium, which may impede
maxillary sinus outflow. A sphenoethmoid or Onodi cell may pneumatize around
the optic nerve, posing a surgical risk.

Sphenoid Sinus

The sphenoid sinus develops in early adolescence as epithelium invaginates into
the sphenoid bone where pneumatization occurs. The sphenoid sinus is divided by
a septum, which typically divides the sinus asymmetrically. The sphenoid pos-
sesses two ostia through which the sinus ventilates and drains mucus. These ostia
are 2-3 mm in diameter and sit superiorly on the anterior face of the sinus near the
base of the skull. The sphenoid sinus is clinically significant in that several critical
structures surround it. The optic nerve usually indents the lateral wall of the sphe-
noid, and approximately 5—7 % of patients have no intervening bone between the
optic nerve and the sphenoid sinus. The carotid artery also indents the lateral
sphenoid sinus wall with 7 % of these being dehiscent, that is, with no bone sepa-
rating the artery and the sphenoid sinus. Posterior and lateral to the sphenoid sinus
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is the cavernous sinus, a venous plexus structure through which the carotid artery,
the oculomotor (CN III) nerve, trochlear (CN IV) nerve, trigeminal (CN V) nerve,
and abducens (CN VI) nerve pass. Additionally, the pituitary gland rests superior
and posterior to the sinus and can typically be identified as an indentation in the
sinus.

Frontal Sinus

The frontal sinus represents the superior pneumatization of the frontal bone by ante-
rior ethmoid cells starting around the second year of life. Pneumatization of the
frontal bone is occasionally incomplete, with 5 % of the population having only a
unilateral frontal sinus and 5 % of the population having no frontal sinus cells. To
complicate matters, ethmoid cells may expand into the frontal sinus causing unique
patterns of obstruction. The frontal sinus drains through the frontal recess, which,
unlike the other sinuses, is not an ostium or duct, but rather a pathway of drainage
formed by the walls of specific ethmoid sinuses, chiefly the agger nasi and the bulla
ethmoidalis.

Pathophysiology

Acute and chronic rhinosinusitis are different in many respects. The most signifi-
cant is that ABRS is an exudative process that involves purulence and local neutro-
philic infiltration of the sinuses. Chronic rhinosinusitis, however, appears to have
multiple etiologies.

Acute Bacterial Rhinosinusitis

The insults that lead to rhinosinusitis have been well characterized. As previously
stated, ABRS is usually preceded by VRS. Whether by local destruction of mucosal
epithelium or by upregulation of cytokines and infiltration by host immune cells,
viral infections result in inflammation and edema of the nasal and sinus mucosa.
Mucosal edema, when in the proper location, can cause ostial obstruction, leading
to both stasis of secretions within the sinuses and relative hypoxia. The edema,
inflammation, and stasis impair ciliary function, and patients may be susceptible to
infection by bacteria colonizing the nasal cavity and nasopharynx. The subsequent
bacterial infection leads to more inflammation, edema, and the influx of neutrophils.
Therefore, ABRS can be viewed as an exudative and suppurative process. Several
risk factors for ABRS have been proposed including exposure to cigarette smoke,
allergic inflammation, odontogenic infections, and potentially anatomic factors
(e.g., Haller or infraorbital ethmoid cells).
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Chronic Rhinosinusitis

The pathophysiology of CRS is complex and the subject of active research. Chronic
rhinosinusitis is now believed to be a multifactorial inflammatory disease rather than
a solely pathogen-driven disease. The current literature leads to the hypothesis that
CRS is caused by a dysfunctional host-environment relationship and may be further
modified by certain genetic, epigenetic, and environmental factors.

Intrinsic causes may be subdivided into genetic and acquired causes. The genetic
causes include primary ciliary dyskinesia, cystic fibrosis, or any other condition
with ultrastructural abnormality of the cilia. Each sinus is lined with a thin layer of
mucosa populated by ciliated pseudostratified columnar epithelium. The cilia beat
rhythmically and in a coordinated fashion to propel a mucous layer (and debris) in
a genetically programmed manner through the sinus toward its natural ostium. In
many instances, such as in the maxillary sinus and sphenoid sinus, this is often
against the force of gravity. (This brings to light the physiological reasons why
dependent drainage sinus surgery or improperly placed openings into the sinuses
often fail to resolve chronic inflammatory diseases within the sinuses.) Ciliary func-
tion is easily impaired by many insults, including bacterial, fungal, or viral damage,
exaggerated host inflammatory changes, changes in temperature, changes in pH, the
effects of cigarette smoke, and changes in the consistency of the gel and sol layers
of the mucous blanket. Genetic conditions such as primary ciliary dyskinesia or
cystic fibrosis can either directly or indirectly impair the ability of the cilia to func-
tion effectively. Recent associations of sinusitis with genetic variants of the bitter
taste receptor highlight the numerous possible genetic influences on sinusitis that
will continue to be discovered as our ability to evaluate subtle genetic variations
improves. Acquired causes include aspirin sensitivity (i.e., aspirin-exacerbated
respiratory disease or Samter’s triad with concomitant asthma and nasal polyposis),
hormonal rhinitis, and systemic causes, which are chiefly rheumatologic or autoim-
mune (e.g., Wegener granulomatosis, sarcoidosis, polyarteritis, and systemic lupus
erythematosus).

Extrinsic causes are the subject of intense research. This category is subdivided
into allergic, bacterial, fungal, and immunologic.

Allergic

Allergic rhinitis (AR) is discussed extensively throughout this book. Briefly, it is
characterized by an abnormal hypersensitivity to extrinsic inhalant allergens that
manifest in an IgE-mediated acute-phase response and an eosinophilic delayed-
phase response. No causal relationship between AR and CRS has been consistently
demonstrated; nevertheless, the association between the two is widely recognized.
Studies demonstrate that in the presence of AR, patients with symptoms of CRS
demonstrate computed tomography (CT) or endoscopic evidence of CRS approxi-
mately 50 % of the time. Furthermore, AR is present in 41-84 % of patients with
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CRS who need surgery. In patients with CRS, the scoring of severity based on CT
exams correlates with the severity of AR in those patients. Moreover, some studies
reveal that in patients with concomitant CRS and AR, the benefits of surgery are
more lasting when allergic therapy is administered following surgery. In any event,
the correlation between AR and CRS is such that concomitant treatment of AR and
CRS is appropriate, particularly in the patient who is undergoing surgery.

Bacterial

Unlike ABRS, a causal relationship between bacteria and CRS is not as obvious.
Determining whether bacterial isolates are infectious causes of CRS, initiate or per-
petuate inflammation, or are merely contaminants of the paranasal sinuses in
patients with CRS, especially those who have undergone surgery, can be difficult.
One significant drawback to the bacterial hypothesis for CRS is that bacterial infec-
tions usually incite a Th17 inflammatory response, but CRS, particularly recalci-
trant CRS, tends toward a Th2 inflammatory response. It may be more appropriate
to regard the role of bacteria in CRS as a modifying agent rather than an etiologic
agent. Regardless, several hypotheses implicating bacteria as the etiologic agent for
CRS have been proposed.

One proposed theory of how bacteria may contribute to CRS is through the
Staphylococcus aureus “superantigen hypothesis.” As opposed to the typical method
of antigen presentation to T-cell receptors, superantigens bypass antigen-presenting
cells to superstimulate T-cell receptors inappropriately. This leads to activation of
large numbers of T cells and the overproduction of cytokines that result in inflam-
mation and the histologic response seen in patients with CRSwNP. The “superanti-
gen hypothesis” is supported by the fact that about 50 % of patients with CRSwNP
exhibit evidence of B- and T-cell responses to superantigens. However, many con-
trol patients, patients with CRSsNP, and patients with cystic fibrosis have evidence
of S. aureus colonization without the superantigen response. For this reason, it
seems more likely that superantigens are a modifying factor for CRSwNP and
enhance an underlying inflammatory condition.

The discovery of biofilms in 42-75% of patients with CRS undergoing sinus
surgery has given rise to the biofilm hypothesis. Biofilms represent the aggregation
of bacterial organisms that are protected by a membrane consisting of extracellular
matrix. Biofilms are significant in that they provide sufficient shielding of bacteria
from antimicrobial agents and may contribute to the survivability of bacteria follow-
ing antimicrobial administration and the development of resistant organisms. S.
aureus biofilms are associated with recalcitrant sinusitis and could potentially
enhance inflammation through a superantigen response, but there is a known path-
way through which biofilms could independently cause CRS.

The description of complex microbial communities in normal and diseased
sinuses has been made possible by the use of genetic techniques such as gene chip
analysis and pyrosequencing. Dysbiosis of the microbial community has been
described in patients with sinusitis. Diseased sinuses have significantly reduced
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diversity relative to normals, a finding which has been seen in other disease pro-
cesses as well. This theory contends that patients with sinusitis have developed a
stable but unhealthy microbial community that propagates chronicity and demon-
strates colonization resistance or stability in the face of perturbing forces.

It is important to recognize that the bacteria in CRS are different from those in
ABRS. Their role in the pathogenesis of CRS is unclear and may be only one of
several factors required in the development and treatment of CRS.

Fungal

Colonization of the nasal cavity is frequently found in healthy volunteers and in
patients with CRS. As with bacteria, finding a causal relationship between isolated
fungal species and CRS is difficult. For many years, the Alternaria “fungal hypoth-
esis” was a leading hypothesis to explain the pathophysiology of CRS. It was
believed that a dysfunctional host response to Alternaria was the trigger for
CRS. However, there has been little evidence in the basic science literature or clini-
cal trials using antifungals to support fungal etiology as a sole cause for CRS.

Although fungi are not responsible for the global etiology of CRS, dysfunctional
immune response to fungus may be a disease modifier and certainly appears to play
a significant role in patients with allergic fungal sinusitis (AFS). These patients are
considered a subset of CRSwWNP and have documented IgE-mediated responses to
the isolated fungal species, nasal polyposis, CT findings that are characteristic of
the disease (heterogeneous opacification of involved sinuses), and a distinct lack of
bone invasion.

Immunologic

The lack of substantial evidence clearly implicating an environmental or microbial
factor in the development of CRS has led investigators to consider that CRS may
arise from a dysfunctional relationship between the host and environment. This
immune dysfunction may occur within the innate or adaptive immune system result-
ing in chronic inflammation.

Several primary defenses of the sinonasal cavities are derived from the innate
immune system including mucociliary clearance, epithelial barrier, secreted antimi-
crobials, and pattern recognition receptors such as toll-like receptors (TLR). There
is a growing body of literature to suggest that alterations in the innate immune sys-
tem may play a role in the chronic inflammatory state found in CRS. In particular,
decreases in S100 proteins, derangements in TLR signaling, and IL-22 cytokine
expression may be potential mechanisms for the development of CRS.

The adaptive immune system may also play a role in the inflammatory response
of CRS. There is evidence of increased total and activated T cells particularly in the
inflammatory infiltrate of patients with CRSwNP. In addition, the epithelium may
also play a direct role in activating the adaptive immune system through engaging
T cells and secreting cytokines and chemokines to activate and attract dendritic
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cells, B cells, and T cells. The exact mechanisms of these interactions are not yet
elucidated and represent an active area of research.

Bacteriology

The paranasal sinuses were once thought to be sterile environments as many previous
studies performed to assess for colonization proved to demonstrate sterile cultures or
cultures with no growth. There is newer evidence to suggest that the sinuses are rife
with bacterial colonization, giving rise to a recent explosion of research into the
microbiome of the sinuses. Nevertheless, when applying conventional culture tech-
niques, it is known that the nasal cavity and nasopharynx are environments frequently
colonized by flora that have been implicated in both acute and chronic rhinosinusitis.

Acute Bacterial Rhinosinusitis
Community Acquired

The maxillary sinus has been frequently studied given the relative ease with which
an aspiration of contents can be performed in patients who have signs and symp-
toms consistent with ABRS.

The most common bacterial isolate in community-acquired ABRS in children
and in adults is Streptococcus pneumoniae (20-45 % of isolates), an encapsulated
Gram-positive facultative anaerobe usually occurring in chains or pairs. By age 2,
approximately 60 % of children are nasopharyngeal carriers of S. pneumoniae, and
by age 3, almost all children carry this species. These species come in several sero-
types, and they are frequently undergoing recombination, which results in a change
in serotype or serogroup. The relative hypoxia of an inflamed sinus provides the
ideal grounds for replication and growth. Pneumolysin, a soluble 53 kDa monomer,
is the primary factor in virulent strains of pneumococcus. Pneumolysin binds to cell
membrane cholesterol molecules and cross-links them, creating large transmem-
brane pores that result in cell lysis and death. S. pneumoniae resists antibiotic ther-
apy through several mechanisms: efflux of antibiotic molecules, mutations in
penicillin-binding proteins, and mutations in the encoding of ribosomal proteins.

Haemophilus influenzae, a Gram-negative facultative anaerobe, is isolated in
20-35 % of cases of ABRS in children and in adults. Nearly half of all children are
colonized with H. influenzae. With the regular administration of the H. influenzae
type b vaccine, H. influenzae type b strains are found infrequently. However, types
a, ¢, d, e, and f and nontypable (unencapsulated) species are frequently recovered
from nasopharyngeal and lateral nasal wall culture swabs. H. influenzae also thrive
in the hypoxic environment of the inflamed paranasal sinuses. The incidence of
resistance to B-lactams in this group is rising with the production of p-lactamase, a
family of enzymes that catalyze the hydrolysis of the f-lactam ring that forms the
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basis of penicillins and cephalosporins. To combat this enzyme, various -lactamase
inhibitors (sulbactam, tazobactam, clavulanic acid) have been manufactured to
increase the concentration of the delivered p-lactam. However, strains of
Haemophilus that are inherently resistant to penicillins through mutations in
penicillin-binding proteins are on the rise and effectively nullify the advantage of
adding a B-lactamase inhibitor to a penicillin.

The frequency of other species isolated in ABRS varies from study to study and
in the age of the patient. In children, the third most common isolate (15-20 %) is
Moraxella catarrhalis; however, in adults, this organism is isolated in only about
5-7% of cases of ABRS. Moraxella catarrhalis is a Gram-negative aerobe that, like
H. influenzae, produces p-lactamases as its primary defense against antibiotic agents.
More than 90 % of isolates are known to produce three closely related pf-lactamases,
making them virtually resistant to penicillins not containing a -lactamase inhibitor.
Cephalosporins still show good activity against this organism, however.

Various streptococcal species and anaerobes also occur as pathogens in about
equal frequencies (5-7 %) in cases of pediatric and adult ABRS. Interestingly,
approximately 20-35 % of isolates in the pediatric population may be sterile.

Nosocomial Acquired

Nosocomial ABRS often occurs in the setting of a prolonged hospital stay or in
patients suffering from maxillofacial trauma or head trauma, nasotracheal intuba-
tion, and nasogastric intubation or patients with burn injuries. These organisms are
generally Gram-negative organisms: Pseudomonas aeruginosa, Serratia marces-
cens, Klebsiella pneumoniae, and Proteus species. Additionally, S. aureus is also
frequently isolated. These organisms may be responsible for the development of
ABRS, or they may be the consequence of impaired mucociliary clearance and
simply colonizing agents.

Chronic Rhinosinusitis

As previously stated, the role of bacteria in CRS is not clear. Directed cultures of
patients with CRS have demonstrated a wide variety of bacterial pathogens that are
often quite different from those isolated in ABRS. The most common isolates are
coagulase-negative staphylococci, S. aureus, and P. aeruginosa. The latter two bac-
teria are also known for their biofilm production, and S. aureus is particularly known
for its superantigenicity. Coagulase-negative staphylococci are frequently found in
healthy subjects, and their role in infection of other areas of the body is often called
into question; therefore, one must ask the question of whether coagulase-negative
staphylococci are simply contaminates, infectious causes, or inflammatory “media-
tors” in CRS. Gram-negative species commonly isolated in CRS include P. aerugi-
nosa, Escherichia coli, and Enterobacter species. Other organisms isolated include
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viridans streptococci, Prevotella, Peptostreptococcus, and Fusobacterium. Finally,
like ABRS, S. pneumoniae, H. influenzae, and M. catarrhalis are also isolated; how-
ever, these three agents are not found as frequently as S. aureus and coagulase-
negative staphylococci.

Proper identification of the involved bacterial agents in CRS involves a directed
culture of the involved sinus. Maxillary puncture was once considered the gold stan-
dard for the diagnosis of maxillary sinus disease; however, puncture techniques
could not be performed for any other sinus. Nasal cultures correlate poorly with
antral puncture isolates and are not clinically helpful. Current techniques that show
efficacious results include cultures that are obtained via endoscopic placement of
culture media (swabs, aspiration traps); cultures derived endoscopically from the
middle meatus have been shown to correlate nicely with antral puncture and are
commonly used to determine the bacteriology of sinusitis. Trephination of the fron-
tal sinus can be carried out, although this typically requires a procedure in the oper-
ating room and is seldom used outside of the context of urgent treatment of a
complicated acute frontal sinusitis. Identification of any offending organisms should
begin with Gram stain quantification as well as aerobic and anaerobic culture.
Fungal cultures are commonly used in the clinical setting, although the significance
of a positive culture for fungus is unclear. Pathologic examination of debris from the
sinuses can confirm fungal involvement and suggest speciation, although this
method is typically reserved for tissue obtained during surgery for sinusitis. As pre-
viously discussed, the overlapping etiologies in CRS lead one to question whether
isolated organisms simply represent colonization or are causative of sinus
inflammation.

Diagnosis

The symptoms of ABRS and CRS are often nonspecific, and although there are
established criteria for making the diagnosis, they should be made within the con-
text of the duration of symptoms, physical examination findings, adjunctive mea-
sures, and, in the case of CRS, imaging or endoscopy.

History and Physical Examination

The diagnosis of ABRS or CRS begins with a thorough history of the illness. As
stated before, the duration of illness is important in making the distinction between
viral rhinosinusitis and acute bacterial rhinosinusitis. Patients with symptoms per-
sisting beyond 10 days or initial improvement followed by worsening (double wors-
ening) within 10 days have a history more consistent with acute bacterial
rhinosinusitis. The previous or current usage of antibiotics by the patient for the
present illness or past illnesses should be noted.
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Pattern of illness is important to characterize. Acute bacterial rhinosinusitis or
acute exacerbations of CRS are typically preceded by a viral upper respiratory
infection. Nasal congestion and obstruction with discolored nasal drainage also
accompanies these episodes. Facial pressure, although not headache, is common,
and care should be taken to distinguish rhinosinusitis from other causes of head-
ache. Pain in the temporal area, a band-like sensation around the head, and pain in
the occipital area are not generally seen in sinusitis. Pain characterized as constant,
cyclic, or occurring daily is also atypical and should prompt additional questions to
determine migraine (which can present with throbbing facial pain, congestion, and
nasal discharge if in the trigeminal distribution), tension headache, cluster head-
ache, or headaches associated with hormonal changes.

Comorbid illnesses such as allergic rhinitis, asthma, and autoimmune diseases or
causes of ciliary dysfunction (e.g., cystic fibrosis or primary ciliary dyskinesia)
should be ascertained because they may be misinterpreted as rhinosinusitis or com-
plicate treatment of rhinosinusitis. Additionally, a history of smoking tobacco or
inhalation of environmental irritants should also be noted.

The physical examination of the patient should be carried out systematically
for all patients. The general appearance of the patient should be assessed to iden-
tify patients who appear ill or in distress. The ears should be examined for signs
of otitis media (serous or purulent effusions), which can occasionally be seen in
children and adults related to upper airway respiratory illnesses or obstruction of
the eustachian tube orifices due to mucosal edema or a mass. The eyes should be
carefully observed for evidence of lid edema, erythema, chemosis, enophthalmos,
and proptosis and for any restriction of movement, all of which may suggest an
orbital complication. Additionally, periorbital “allergic shiners” (venous engorge-
ment of the skin around the eyes) and Dennie-Morgan lines (folds beneath the lid)
may provide evidence of atopic disease. The external nose should be examined
for signs of deviation or trauma as well as for a transverse nasal crease (which
occurs as a result of rubbing the nose, “the allergic salute”) signifying atopic
disease. The nasal cavity should be examined with a speculum and a light source
prior to and following decongestion. The examination should make note of any
septal deviation, the size of the inferior turbinates, the quality of the nasal mucosa
(e.g., erythematous, boggy, or atrophic), the quality of any nasal discharge (e.g.,
clear, mucoid, or purulent), or the presence of polyps, masses, or any other
lesions.

Although transillumination of the sinuses can be performed for the frontal and
maxillary sinuses, it is neither sensitive nor specific for maxillary or frontal sinus-
itis. Transillumination cannot be used to identify disease in the ethmoid sinuses or
the sphenoid sinus.

Whenever possible, an endoscope, either flexible or rigid, should be used to examine
beyond the anterior nasal cavity. The endoscope provides a superior and detailed view
of the relevant anatomic structures in the nasal cavity when compared to visualization
with the headlight and speculum (Fig. 8.5). The first inspection with endoscope should
involve inspection of the inferior meatus, nasal floor, and nasopharynx. Next, the endo-
scope should be used to inspect the middle meatus and middle turbinate. Finally, the
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Fig. 8.5 Endoscopic view of the nasal cavity. The endoscope provides superior detailed examina-
tion of the nasal cavity and sinuses when compared to anterior rhinoscopy, which is done with a
headlight and speculum or handheld otoscope. In Frame (a), polyps with fibrous transformation
can be seen. In Frame (b), watery inflammatory polyps are seen

endoscope should be used to inspect the middle meatus complex. The examiner should
make note of any masses, polyps, or exudates and from where they arise.

The oral cavity should be examined for the presence of any abnormality that may
be related to rhinosinusitis (maxillary alveolar dental infection or polyp within the
posterior oropharynx) or paranasal sinus neoplasm that has invaded the oral cavity.
The neck should be examined for signs of lymphadenopathy.

Diagnostic Imaging

A direct coronal CT scan with 1-2 mm cuts is considered the most appropriate scan
to characterize the radiographic findings in rhinosinusitis. An alternative at some
institutions uses fine-cut axial scans 1 mm or less in slice thickness that can be
reformatted to display images in the coronal plane. Although CT scanning is not
recommended in the routine imaging of ABRS, patients who are unresponsive to
appropriate medical therapy, patients who present a diagnostic dilemma, and
patients who are concerning about a complication of rhinosinusitis should undergo
radiographic evaluation with CT scanning.

CT findings in patients with VRS may be indistinguishable from those with
ABRS; therefore, these imaging modalities do not aid in the differentiation of the
two diseases or change the management of either. This is an important notion because
patients presenting with complaints of rhinosinusitis can display radiographic
abnormalities of the paranasal sinuses within 72-96 h of symptom onset, and the vast
majority of the patients will show resolution of their radiographic abnormalities
without the use of antibiotics. Clinical history plays a very important role in the
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timing and interpretation of the CT images. Patients are not generally imaged during
an exacerbation of rhinosinusitis because scans will virtually always demonstrate
mucosal thickening and are better imaged after resolution to characterize residual
disease. However, patients being evaluated for complications of rhinosinusitis should
obtain a coronal and axial CT scan with bone and soft tissue windows with intrave-
nous contrast material immediately to aid in evaluation and management.

Magnetic resonance imaging (MRI) should be employed whenever a neoplasm
of the sinuses is suspected. Use of MRI for evaluation of intracranial complications
can also be helpful. Plain radiographs are neither sensitive nor specific for rhinosi-
nusitis and are not recommended to evaluate the sinuses.

Culture

For patients who have failed standard medical therapy, a culture should be obtained.
As previously stated, in the setting of community-acquired ABRS in adults, an
endoscopic-directed culture of the middle meatus correlates well with cultures
obtained through a maxillary “sinus tap” (the gold standard) performed with a nee-
dle through the canine fossa. Cultures of the nasal cavity are not recommended. In
children, the carriage rates for the organisms responsible for ABRS are much higher
than in adults, and endoscopic-directed cultures do not correlate well with maxillary
sinus taps. However, consideration to developing maxillary dentition should be
given before performing a puncture through the canine fossa, and an alternative
puncture site in the inferior meatus in the nasal cavity can be used.

Because the organisms are different in nosocomial-acquired ABRS, a maxillary
sinus tap or endoscopically directed culture may be beneficial for culture
information.

Treatment

Medical Therapy

The primary end points in the treatment of rhinosinusitis are the eradication of dis-
ease, the improvement in symptoms, and the reestablishment of normal paranasal
sinus function.

Adjunctive Topical and Systemic Therapy
Acute VRS is treated with conservative measures: nasal saline irrigation, topical or

systemic decongestants, mucolytics, and analgesics. Of note, topical decongestants
should not be used for more than 3-5 days due to the risk of rhinitis medicamentosa.
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Unfortunately, there is no cure for the common cold. It is inappropriate to treat VRS
with antibiotics. When VRS has persisted for more than 10 days or improves and
then worsens within 10 days, it is reasonable to presume that suprainfection with
bacteria has occurred and ABRS is present. As with VRS, the administration of
topical or systemic decongestants, nasal saline irrigations, and mucolytics is appro-
priate in ABRS. Topical intranasal steroids may also provide a modest benefit and
may be used per patient and physician preference.

Antibiotic Therapy

Per the American Academy of Otolaryngology-Head and Neck Surgery, uncompli-
cated ABRS may be treated with antibiotics or watchful waiting provided that close
patient follow-up is possible. The period of watchful waiting should extend no more
than 7 days from the diagnosis of ABRS, and antibiotics should be prescribed if
symptoms worsen or there is no improvement in this window.

The selection of the proper antibiotic depends on the patient’s history of antibi-
otic use and the probability of any one or more of the well-established bacterial
causes of ABRS to be present.

Acute Bacterial Rhinosinusitis-Mild Disease

For patients with mild ABRS (Table 8.2) who have not taken antibiotics in the past
4-6 weeks, an appropriate first-line antimicrobial agent is amoxicillin (1.5-4 g/
day), amoxicillin/clavulanate (1.75—-4 g/day), cefpodoxime, cefuroxime, or cefdinir.
Patients not improving within 72 h of administration are presumed to have resistant
organisms and should be switched to fluoroquinolone or a combination of

Table 8.2 Antibiotic treatment guidelines for mild acute bacterial rhinosinusitis with no recent
antibiotic use

Starting therapy Efficacy | Failed therapy (after 72 h)

Amoxicillin/clavulanate 91 %

Amoxicillin 88 % Fluoroquinolone

Cefpodoxime 87 % Amoxicillin/clavulanate

Cefuroxime 85 % Ceftriaxone

Cefdinir 83 % Amoxicillin/clavulanate or clindamycin and
cefixime

Penicillin-sensitive patients

Trimethoprim-sulfamethoxazole 83 %

(TMP/SMX)

Doxycycline 81 % Fluoroquinolone
Azithromycin, clarithromycin 77 % Rifampin and clindamycin

Adapted from Sinus and Allergy Health Partnership
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Table 8.3 Antibiotic treatment guidelines for mild acute bacterial rhinosinusitis with recent
antibiotic use or moderate acute bacterial rhinosinusitis

Initial therapy Efficacy Second therapy for medical failures
Fluoroquinolone 92 % Reexamine/culture
Amoxicillin/clavulanate 91 % Reexamine/culture

Penicillin sensitive
Fluoroquinolone 92 % Reexamine/culture
Clindamycin and rifampin 92 % Reexamine/culture

Adapted from Sinus and Allergy Health Partnership

antibiotics. For those that are allergic to penicillin derivatives, trimethoprim/sulfa-
methoxazole, doxycycline, or a macrolide may be prescribed.

Acute Bacterial Rhinosinusitis-Moderate Disease or Prior Antibiotic Use

Patients who have moderate ABRS or have used antibiotics in the past 4—6 weeks
(Table 8.3) should be administered a fluoroquinolone, gatifloxacin, levofloxacin, or
moxifloxacin or high-dose amoxicillin/clavulanate (4 g/250 mg). Patients allergic to
penicillin and/or cephalosporins should be administered a fluoroquinolone or
rifampin/clindamycin. Patients who do not improve within 72 h should be reevalu-
ated and consideration be given to obtaining a culture either endoscopically or via
transantral puncture.

Chronic Rhinosinusitis

For patients with CRS, some of the same adjunctive measures (e.g., nasal saline
irrigations) should be deployed. Antimicrobial therapy for CRS is controversial.
There is no evidence to support the use of topical antibiotics and topical or oral
antifungals in CRS, but there is some evidence to support the use or oral antibiotics
particularly in patients with CRSsNP. The evidence for oral steroid use is stronger
for patients with CRSwNP, but oral steroids are often used in the management of
both phenotypes. Several retrospective and prospective studies have shown subjec-
tive improvement in patients with CRS who have been treated with 4-6 weeks of
antibiotics, topical or systemic corticosteroids, and adjunctive measures. These sub-
jective results have been correlated with improvements in CT and endoscopic grad-
ing. These studies, however, have been confounded by the coadministration of
topical or systemic corticosteroids. Nevertheless, it is reasonable to treat patients
with chronic sinusitis with 3—6 weeks of antibiotics, topical corticosteroids, a short
course of systemic corticosteroids, and a brief period (3—5 days) of topical decon-
gestants. Oral corticosteroid dose commonly employs a taper of prednisone from
approximately 60 mg to 10 mg over a 2- to 3-week period.

Patients with refractory disease may be candidates for additional treatment and
evaluation. The American Academy of Allergy, Asthma, and Immunology advocates
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an evaluation for immunodeficiency in patients refractory to surgery and medical
therapy. This consists of quantitative immunoglobulins (IgA, IgG, and IgM),
specific antibody responses, and if necessary complement function and T-cell
evaluation.

Consideration has been given to the use of long-term macrolide antibiotics for
treatment of CRS due to their known anti-inflammatory effects. Several studies have
demonstrated that prolonged therapy (3 months) results in subjective (quality-of-
life survey results) and objective (endoscopic grading) improvement as well as
decreased circulating IL-8 in patients with CRSsNP treated with macrolide antibiot-
ics versus placebo. Long-term macrolide therapy appears to be more effective in
patients when IgE levels are not elevated. This treatment option should be reserved
for patients with refractory disease, and more effective in patients when IgE levels
are not elevated.

Finally, there is some evidence to support the use of biologics in the treatment of
CRSwNP. In particular, anti-IgE (omalizumab) has been shown to improve both
symptoms and disease severity measures and may be considered in patients who
have failed both medical and surgical therapy. In addition, anti-IL-5 (reslizumab,
mepolizumab) has been investigated for CRSwNP though it is not commercially
available for this purpose.

Surgical Therapy

Surgical treatment of ABRS is rarely indicated; however, it may need to be per-
formed in patients who suffer from recurrent acute infection, are refractory to medi-
cal management, or develop complications. Functional endoscopic sinus surgery
(FESS) is employed as surgical therapy for these patients and in patients who are
refractory to medical management with CRS. This procedure is considered func-
tional because it is a mucosal-sparing operation that maintains the physiology of the
sinuses by widening the natural ostia of the sinuses, preserving the natural mucocili-
ary clearance. All sinuses may also be surgically drained from either an external, an
intranasal, or combination of the two approaches when necessary. External
approaches to the sinuses are uncommon for routine nonemergent treatment of sinus-
itis because less invasive endoscopic approaches can virtually always be employed.
The frontal sinus and ethmoid sinuses may be drained by making an incision in the
skin along the medial and superior aspect of the orbital rim and entering into the
sinus with a drill or osteotome. The maxillary sinus may be drained by making an
incision in the gingivolabial sulcus (intraorally) and entering the sinus through the
anterior maxillary sinus wall (i.e., the canine fossa). Alternately, the maxillary sinus
may be entered intranasally, beneath the inferior turbinate by creating a nasoantral
window. These procedures are not functional because they disrupt the natural flow of
cilia within the affected sinuses and may contribute to stasis and recirculation.

The most common complications related to sinus surgery include bleeding and
postoperative scarring or synechiae. For those patients with an intact sense of smell,
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Fig. 8.6 Parasagittal
anatomy of the frontal (F),
ethmoid (E), and sphenoid
(S) sinuses in relationship
to the skull base
(arrowheads)

there is a small risk of postoperative anosmia. Given the proximity of the sinuses to
the skull base (Fig. 8.6), the risk of a cerebrospinal fluid leak is present if aggressive
dissection of the sinuses is undertaken. Other rare complications include injury to the
orbit (e.g., globe, extraocular muscles, and hematoma) or injury to the carotid artery
and optic nerve. Recently, FESS has been augmented with intraoperative image guid-
ance. Using a patient’s CT or MRI scan, a probe or instrument can be used to help the
surgeon confirm anatomy and is particularly useful in difficult or revision cases.

It is important that patients be informed that surgery is not a cure for CRS, rather
an adjunct to the proper — and often indefinite — medical management of chronic
rhinosinusitis. Unless anatomic obstruction is the sole cause of rhinosinusitis,
it is likely that the underlying pathophysiology (e.g., allergic rhinitis, mucosal
hyperreactivity, ciliary dysfunction, etc.) will persist after surgery unless managed
with the appropriate medical therapy. Nevertheless, when appropriately employed,
medical and surgical therapy can help obtain long-term relief of signs and symp-
toms of chronic rhinosinusitis. Several studies show that symptomatic improvement
can be sustained in 85-92 % of patients over 8 years, and improvement in objec-
tively measured outcomes such as olfaction, ciliary beat frequency, and olfactory
threshold can be accomplished as well.

Complications

Untreated ABRS resolves spontaneously in approximately nearly all cases without
evidence of sequelae. However, infectious complications do occur, and these typi-
cally result from the direct extension of disease into neighboring structures or hema-
togenous spread of infection via thrombophlebitis and bacteremia.
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Orbital Complications

The orbit is lateral to the ethmoid sinuses and superior to the maxillary sinus. Directly
overlying the orbit are supraorbital ethmoid air cells and the frontal sinus. Direct
extension of bacteria into the orbit can occur from any of these sinuses. Chandler’s
classification divides orbital complications into five groups. Group 1 is preseptal cel-
lulitis, which becomes manifest with eyelid edema and erythema. Group 2 is orbital
cellulitis, which is marked by proptosis and potentially decreased ocular movement
(due to edema) and vision. A group 3 complication arises when a subperiosteal
orbital abscess is found. Group 4 complications involve the formation of an orbital
abscess. Group 5, the most severe, is cavernous sinus thrombosis, which occurs via
direct extension or retrograde movement through a plexus of valveless veins into the
cavernous sinus. Cavernous sinus thrombosis is typically evident with proptosis,
ophthalmoplegia, and loss of vision. Wide-spectrum antibiotics and a sinusotomy of
the responsible sinus are indicated. The use of anticoagulation is controversial.
Despite aggressive treatment, mortality is high (approximately 50-80 %).

Approximately two-thirds of orbital complications require surgery. Indications
for surgery include abscess formation, progressive loss of visual acuity, or lack of
improvement in 48—72 h. Surgery may be carried out with the endoscope; however,
external approaches are often employed because the nasal mucosa is edematous and
friable and the patient is at higher risk for postoperative synechiae in an endoscopic
approach.

Intracranial Complications

Intracranial complications usually arise from the frontal sinus and its valveless
venous communications with central blood drainage patterns. Frontal bone osteomy-
elitis may occur with or without a frontal subperiosteal abscess (also known as Pott’s
puffy tumor). Intracranial extension may lead to meningitis, epidural abscess forma-
tion, or a brain abscess. Sagittal sinus thrombosis is particularly worrisome and has
a high morbidity and mortality. Consultation with a neurosurgeon is recommended.

Fungal Rhinosinusitis

Fungal colonization of the nasal cavity and nasopharynx is common in healthy vol-
unteers and patients with CRS. Fungal elements may proliferate to cause local
forms of disease within the nasal cavity or paranasal sinuses. When circumstances
(allergy or immunocompromised state) permit, the fungal elements may proliferate
to cause more significant disease or fungal rhinosinusitis. Fungal rhinosinusitis
occurs in several forms; however, it can be simplified into allergic fungal sinusitis
(AFS) and invasive fungal sinusitis.
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Allergic Fungal Sinusitis

Allergic fungal sinusitis is documented in a patient with CRS who demonstrates evi-
dence of fungal elements on nasal smears or cultures, documented IgE-mediated
allergy to the isolated fungal organism, allergic mucin (dense eosinophilic-rich secre-
tion), nasal polyposis, and a required lack of invasion of the paranasal sinus bone.
Erosion or expansion of the paranasal sinus bone is frequently found; however, inva-
sion cannot. Typical isolates include Bipolaris, Alternaria, and Curvularia species.

Management of allergic fungal sinusitis is frequently frustrating. However, the
mainstays of treatment include debridement of nasal polyps, conservative func-
tional endoscopic sinus surgery, and extirpation of allergic mucin. Postoperative
medical management involves topical and systemic corticosteroids and, in some
cases, administration of antifungal therapy (e.g., itraconazole). There currently is no
consensus, however, regarding the proper dose or length of corticosteroids and the
effectiveness of systemic or topical antifungal medications.

Invasive Fungal Sinusitis

Invasive fungal sinusitis comes in acute (fulminant) and chronic forms. As the name
implies, the hallmark of invasive fungal sinusitis is invasion of soft tissue and bone.
The most common agents causing acute invasive fungal sinusitis include Aspergillus,
Rhizopus, Mucor, and Candida. Risk factors for invasive forms of fungal sinusitis
include patients with diabetes (especially ketoacidosis), immunocompromised
states (bone marrow transplantation, chronic immunosuppression), or leukemia.
Fungal elements invade local tissues to cause tissue necrosis, which is manifest as
necrotic-appearing or dark insensate tissue within the nasal cavity seen on endoscopy.
Manipulated tissue typically does not bleed. Because fungal elements persist in this
environment, delivery of systemic antifungal agents is impaired. The cornerstones of
therapy include reversal of the underlying medical condition, aggressive surgical
debridement of the infected region, and prolonged administration of systemic antifun-
gal agents (typically amphotericin B or voriconazole). The prognosis for patients with
invasive fungal sinusitis is poor, especially when there is intracranial extension or sys-
temic spread. Treatment of rhinocerebral fungal sinusitis involves a multidisciplinary
approach and requires aggressive debridement of all infected tissue, control of the
underlying medical condition, and prolonged administration of antifungal antibiotics.

Evidence-Based Medicine

CRS can be treated both medically and surgically with the choice of therapy deter-
mined through shared decision-making between the patient and physician. Clinical
practice guidelines as well as practice parameter updates offer insight into this
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decision-making process. Additionally, a recent prospective, multi-institutional, non-
randomized trial demonstrated significantly higher levels of quality-of-life improve-
ment in patients undergoing surgery compared to patients undergoing medical
management. In addition, approximately one-third of patients who elected medical
management crossed over into the surgical cohort and noted statistically significant
improvements. Although this study is limited by the lack of randomization and a ter-
tiary care population, it provides strong evidence for surgery in the treatment of CRS.

Although endoscopic sinus surgery is highly successful for the treatment of CRS,
it often needs to be followed with continued medical management given chronic
ongoing inflammation. Recent literature has suggested that topical intranasal ste-
roids delivered via nasal saline irrigations are effective at improving postoperative
symptoms, quality-of-life measures, and endoscopy scores. Adjuvant topical intra-
nasal steroid therapy is now a widely used postoperative treatment regimen.

Conclusion

Rhinosinusitis is common and has a tremendous impact on society in terms of pro-
ductivity and health-care expenditures. The most common form is VRS, which
should be treated conservatively. When ABRS results, the use of antibiotics directed
toward the most likely causative agents is typically indicated. Treatment should be
modified depending on the efficacy of the primary therapy and whether antibiotics
have been used within 4-6 weeks of initiating therapy. Chronic rhinosinusitis is a
complex syndrome that has no clear etiology at this time. Active research into the
pathophysiology may ultimately lead to effective preventative measures and medi-
cal therapies for this disease entity. Oral antibiotics, oral and topical corticosteroid
therapy, and adjunctive measures appear to improve patient quality of life and
reduce disease burden. When surgery is indicated, functional endoscopic sinus sur-
gery can be carried out with significant improvement in quality-of-life measures
when appropriate follow-up and medical management are employed after surgery.
With this understanding, rhinosinusitis can be effectively managed.
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Chapter 9
Allergic Diseases of the Ear

Doris Lin and Steven W. Cheung

General Considerations

The ear has multiple targets for allergic diseases (Table 9.1). The external ear may
be afflicted with contact dermatitis to earrings or hearing aid molds, eczema, or
sensitization to eardrops or fungus. The middle ear may be plagued with persistent
effusion secondary to eustachian tube dysfunction or chronic inflammatory response
to allergens. The inner ear may be troubled by Méniere’s disease and cochlear
hydrops, both disorders with possible allergic bases.

Allergic Diseases of the External Ear

Chronic Otitis Externa

The skin of the pinna and external ear may be afflicted in two major ways. Eczema
of the auricle or external auditory canal (EAC) may manifest as erythematous, scal-
ing, and pruritic dermatitis. Atopic eczema is the most common type of eczema and
closely associated with asthma and allergic rhinitis. The usual treatments are with
emollients that maintain skin hydration and topical steroids to reduce inflammation.
Another type of eczema seen is seborrheic eczema, which is most commonly seen
on the scalp as dandruff but can spread to the face and ears. The condition is thought
to be caused by yeast and can be treated with an antifungal cream if necessary.
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Table 9.1 Otologic External ear

manifestations of allergy Chronic external otitis

Sensitization to eardrops
Contact sensitivity (hearing aid ear molds, earrings)
Dermatophytid reaction
Eczema

Middle ear

Eustachian tube dysfunction
Patulous eustachian tube
Otitis media with effusion
Chronic otitis media

Inner ear

Méniere’s disease
Vestibular hydrops
Cochlear hydrops

Dizziness

Tinnitus

Chronic otitis externa that follows the use of topical antimicrobial drops, particu-
larly those containing neomycin, can actually be a hypersensitivity reaction.
Symptoms generally resolve with discontinuation of the offending agent; however,
occasionally topical steroid drops may be needed to accelerate recovery.

Contact Sensitivity

Some patients may develop contact sensitivity to certain plastic molds attached to
hearing aids. The problem manifests as a localized skin reaction. Boiling the hearing
aid mold in water for 30 s, substituting a different material for the mold, and plating
a thin film of gold onto the mold may reduce symptoms. Along this vein, patients
may develop contact sensitivity to nickel and chromium in earrings. Treatment often
involves use of earring posts of surgical stainless steel or 14-karat gold or titanium.

Dermatophytid Reaction

The auricle or EAC can be the site of a dermatophytid reaction in a sensitized indi-
vidual. Usually there is a primary site of fungal infection. The fungus or their aller-
genic products spread hematogenously to a secondary site, causing an allergic skin
eruption. Resolution requires treatment of the primary fungal infection, desensitiza-
tion with an allergenic extract of the infecting fungus, and control of any secondary
bacterial infections. The most common fungus involved is Trichophyton, although
Candida (Oidiomycetes) and Epidermophyton have also been described. Common
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sites for the primary fungal infection include the nails (onychomycoses), skin, and
vagina (monilial vaginitis).

Allergic Diseases of the Middle Ear

Otitis media with effusion (OME) can impair hearing significantly, cause profound
mucosal changes, delay speech development, and result in permanent middle ear
damage. OME is the most common cause of hearing loss in children today and
causes a conductive hearing loss with a flat tympanogram (Fig. 9.1). Of particular
interest is OME refractory to conventional antibiotic treatment and surgical therapy
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Fig. 9.1 Example of an audiogram from a patient with a left otitis media and resultant conductive
hearing loss. This patient also has a flattened left tympanogram resulting from a tympanic mem-
brane stiffened by fluid in the middle ear. The normal right ear is shown for comparison
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such as myringotomy, tonsillectomy, adenoidectomy, tympanostomy tube place-
ment, and even radical mastoidectomy. Chronic mucosal inflammation is a major
finding in these cases. The role of allergy in these cases is under active investigation
and is discussed in the following sections.

Eustachian Tube Dysfunction

Eustachian tube dysfunction (ETD) is a major factor in the development of OME. Upper
respiratory infections and allergies contribute to ETD and, in some cases, contribute to
a patulous eustachian tube. Patients with patulous eustachian tube may complain of
autophony (abnormal awareness of their own voice), reverberation, or tinnitus resem-
bling the sound of an ocean roar. Provocative intranasal challenges of pollen, house
dust mites, and histamine worsen ETD. Allergic rhinitis results in a significantly higher
rate of ETD, particularly during childhood, as demonstrated by nasal turbinate changes
(Fig. 9.2). Bernstein proposes that ETD in the setting of allergy may be a result of
retrograde spread of edema and congestion of nasal mucosa, decreased mucociliary
function that permits secretions to cover the ostium and subsequent intraluminal
inflammation, or obstruction of the eustachian tube orifice from hypersecretion by
seromucous glands. Those symptoms can be alleviated with specific allergy therapy,
including immunotherapy and elimination diets depending on the offending agent.

Otitis Media with Effusion

OME often results from ETD or can be the result of chronic inflammation or micro-
bial infection. The causative contribution of allergy to OME is unknown, with a
broad range of attribution (0-100%) reported in the literature. The controversy
regarding the role of allergy in OME is reflected in different types of skin and

Fig. 9.2 An enlarged and
boggy right inferior
turbinate from a patient
with allergic rhinitis
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in vitro testing, and heterogeneous types of allergens included in each study. Many
would agree that OME caused by allergy is most likely from ETD secondary to an
allergic reaction in the proximal eustachian tube or nasopharynx. However, some
studies have demonstrated the presence of histamine and other biologic mediators
of inflammation in the middle ear fluid of patients with OME, suggesting that the
middle ear is also a primary target of allergic reactions. The middle ear mucosa
responds the same way as other mucosae in the respiratory tract to allergens regard-
less of location. Middle ear mucosa has been found in animal studies to respond to
allergens in the same way as the lung and nasal mucosa.

An argument against a significant role of allergy in the pathogenesis of OME is
that although allergy is typically considered seasonal with regional variation, OME
has its highest incidence in the winter, regardless of region. In addition, an IgE-
mediated reaction is brief and not typically long enough to cause significant
ETD. Also, there is no clear evidence for an intranasal challenge directly producing
a middle ear effusion. Although intranasal challenges have resulted in ETD, the
duration of dysfunction is insufficient to result in OME. Even complete eustachian
tube obstruction produced by sectioning the tensor veli palatini muscle in an animal
model takes 1-4 weeks to result in a middle ear effusion. Intranasal provocative
challenge persists for only several hours to a few days.

Counter-arguments contend that winter is the time of year when dust and mold counts
tend to be highest. Intranasal challenges of histamine, pollen, and house dust mites result
in ETD, albeit of unclear sufficient duration to cause OME. Epidemiologic studies have
shown that patients with OME have an increased prevalence of atopic conditions, such
as allergic rhinitis, eczema, and asthma. More than 50% of patients with OME have
allergic rhinitis, whereas 21 % of patients with allergic rhinitis have OME.

One study of 20 patients with OME refractory to medical and surgical manage-
ment showed that allergy immunotherapy in patients tested with the radioallergo-
sorbent test (RAST) resulted in preservation of hearing and elimination of recurrent
infections for 3 years when compared with controls. Although small, this study
encourages consideration of allergic factors in patients with refractory OME to con-
ventional treatments. For OME refractory to conventional treatments, allergy testing
is recommended, especially for children requiring multiple sets of tubes, as immu-
notherapy has been shown to resolve OME in atopic patients.

Food Allergy in Otitis Media with Effusion

Few studies address the role of food antigens in OME. One study of 56 children
found food allergies in children with OME (45 %) were significantly higher than in
children without complaints of food allergy or OME (18 %). Another study of 104
children with recurrent OM found that 78 % had food allergy diagnosed by skin
prick or IgE tests and food challenge. They reported that 86 % of the children with
food allergy who were treated with food elimination had significant amelioration of
OME, as documented by clinical examination and tympanometry. Food challenge
resulted in recurrence of OME in 94 % of the children with food allergies who
underwent challenge. A few studies have suggested that cow’s milk allergy in
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infancy, even when treated properly, is associated with significantly higher rates of
recurrent OME. A few of these studies address possible mechanisms for this asso-
ciation. These include nasal congestion induced by food allergy, direct middle ear
mucosal damage by food immune complexes, and other hypersensitivity responses.
One study demonstrated elevated serum IgG response, but a lack of IgE response, to
foods in otitis-prone children compared with controls. More definitive studies are
needed in this area. Nevertheless, current results encourage consideration of a food
elimination diet in select patients before surgical intervention.

Allergic Diseases of the Inner Ear
Meéniere’s Disease

Meéniere’s disease is characterized by aural fullness, tinnitus, vertigo, and fluctuat-
ing sensorineural hearing loss (SNHL). Two related variants are cochlear hydrops
(fluctuating SNHL without vertigo) and vestibular hydrops (imbalance without fluc-
tuating SNHL). The etiology of Méniere’s disease is unclear and has been attributed
to anatomic, infectious, immunologic, and allergic factors. The target organ appears
to be the endolymphatic sac. The mainstays of medical therapy have included diuret-
ics (particularly thiazide), carbonic anhydrase inhibitors, oral and intratympanic
steroids, salt reduction (<1.5 g/day), and dietary restrictions. Recently, long-acting
hydrogel delivered to the middle ear to modulate labyrinthine function has shown
vertigo control promise. Surgical therapy is reserved for cases refractory to medical
management. These include chemical labyrinthectomy (intratympanic aminoglyco-
side), surgical labyrinthectomy, endolymphatic shunt, and vestibular nerve section.

Both inhalant and food allergies have been linked with symptoms of Méniere’s
disease and cochlear hydrops. Patients with Méniere’s disease have a 40 % rate of
allergy, as measured by skin or in vitro testing, which is twice as high as that reported
for the general population. The success of sedating antihistamines in the treatment
of Méniere’s disease is usually attributed to vestibular suppressant effects, but aller-
gic reaction-suppressant properties may also contribute to clinical improvement.
Dietary restrictions on sodium, caffeine, nicotine, alcohol, and foods containing
theophylline (e.g., chocolate) improve symptoms in patients with Méniere’s dis-
ease, although the mechanism has usually been attributed to fluid regulation of the
endolymphatic sac. Regardless, immunotherapy and food elimination diets have
mitigated both allergic and labyrinthine symptoms in Méniere’s disease.

Evidence-Based Medicine

Studies over the last few years have focused on the possible roles of allergy in
OME. Allergic rhinitis and nasal/nasopharyngeal inflammation resulting in ETD are
associated with increased rates of OME. Allergy-related mediators (IL-4, IL-5, IL-6,
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regulated on activation, normal T cell expressed and secreted [RANTES], eosinophil
cationic protein [ECP], tryptase, IgE) isolated from middle ear effusions have been
shown to be elevated. In a prospective cohort study, Hurst has shown that 85 % of
atopic patients (n=89) with OME had complete resolution of their fluid after treat-
ment with specific allergy immunotherapy, whereas none of the controls (patients
with OME who were not treated with immunotherapy) improved spontaneously
(»<0.001). This study lends support to the role of allergy in the pathogenesis of
OME as aggressive treatment of the allergy did improve the OME in a significant
portion of the atopic patients. In a randomized, double-blind placebo-controlled trial
of a new delivery system for treatment of Méniere’s disease, Lambert et al. showed a
meaningful reduction in vertigo frequency compared to placebo at 3 months of treat-
ment. This clinical study of 44 patients used a steroid-infused hydrogel to deliver
sustained glucocorticoid to the inner ear. In the future, hydrogels could be used to
deliver other medications directly to the middle and inner ear in a sustained fashion.

The role of food allergy in OME and in other allergic diseases of the ear is under
active investigation. For OME and Méniere’s disease, an allergic basis of disease
and treatment should be considered in cases refractory to conventional medical and/
or surgical management.
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Chapter 10
Cough and Allergic Diseases

Shanti K. Shenoy and Michael Schivo

Introduction

Cough is an essential mechanism for airway clearance and protection, but it is also
a troublesome symptom and one of the most commonly encountered in the outpa-
tient setting across a variety of disciplines. Cough represents a challenge for pri-
mary care and specialty physicians alike given its pathophysiologic complexity,
broad differential, and sometimes elusive nature. The global impact of cough on
healthcare cost is substantial, and it is responsible for more than 30 million outpa-
tient visits per year in the United States alone. This has prompted the development
of national guidelines surrounding the diagnosis and management of cough.

The duration of symptoms classifies cough as acute, subacute, or chronic. Acute
cough lasts up to 3 weeks, while subacute cough lasts 3-8 weeks. If symptoms per-
sist beyond 8 weeks, it is termed chronic cough. The etiologies vary according to
chronicity and patient comorbidities and will be discussed here.

Definition and Physiology

Cough is a highly coordinated reflex designed to protect the airway. It is composed
of a series of four maneuvers that generate the distinctive cough sound. A deep
inspiration is followed by a forceful exhalation against a closed glottis. The glottis
opens with an expulsive flow of air, giving the cough sound. The final recovery
phase is marked by a restorative inspiration.
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Involuntary coughing is entirely mediated by the vagus nerve and its branches,
which receive chemical and mechanical inputs primarily from the larynx and proxi-
mal tracheobronchial tree. Irritation at other sites such as the pharynx, tympanic
membrane, and external auditory canals can also induce cough. Direct stimulation
of nerve receptors or “sensors” termed rapidly acting receptors (RARs), located in
the tracheobronchial tree, causes the cough reflex. RARs respond primarily to
changes in airway mechanics and indirectly to chemical stimuli (i.e., substance P,
histamine, and bradykinin). Additionally, intrapulmonary slowly adapting stretch
receptors (SARs) and C-fibers have been implicated in modulating the cough reflex.

Recent advances in the field have described suprapontine control networks that
influence the basic cough reflex and may be responsible for the perception of cough
and the related cognitive and emotional responses.

Causes of Cough

The causes of cough are broad and varied. The first step in narrowing the differential
is assessing the duration of cough and classifying it as acute, subacute, or chronic.
Within each is a list of etiologies ranging from infectious to inflammatory and/or
hypersensitivity reactions involving the airway and/or lung parenchyma (Table 10.1).
A thorough history and physical examination are essential, and institution of empiric
therapy may be sufficient. Persistent or deteriorating symptoms should prompt
additional workup with a chest radiograph, pulmonary function testing, and other
relevant diagnostic testing.

Upper Airway Cough Syndrome (Postnasal Drip Cough)

Upper airway cough syndrome (UACS) describes what was previously referred to
as the postnasal drip syndrome and characterizes any condition that irritates the
structures of the upper airway and stimulates cough, including postnasal drip. A
number of etiologies may lead to a final pathway of postnasal drip, including aller-
gic rhinitis, nonallergic rhinitis, infectious rhinitis, nonallergic rhinopathy, and
drug-related rhinitis. Therefore, UACS is a more comprehensive term and includes
the possibility that the mucoid secretions of postnasal drip may not be the sole trig-
ger of cough, but rather the conditions listed above directly stimulate upper airway
cough receptors and elicit cough.

Patients may describe hoarseness, a “tickling” sensation, and frequent throat-
clearing in conjunction with chronic nasal drainage. The absence of these symp-
toms does not preclude the diagnosis of UACS, as they may be clinically unapparent
and only manifest as chronic cough.
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Table 10.1 Causes of cough Infectious

Rhinosinusitis
Tracheobronchitis
Bronchopneumonia
Pertussis

Noninfectious
Upper airway cough syndrome
Allergic rhinitis
Nonallergic rhinitis
Rhinitis medicamentosa and drug-induced
rhinitis
Vasomotor rhinitis
Gustatory rhinitis

Airway disease
Asthma (including cough-variant asthma)
Chronic obstructive pulmonary disease
Bronchiectasis
Cystic fibrosis
Tracheomalacia
Tracheal diverticulum
Subglottic masses and stenoses
Nasal polyps
Laryngeal polyps

Parenchymal lung disease
Interstitial lung disease
Sarcoidosis
Vasculitis

Tumors

Benign and malignant tumors of the airway and/
or mediastinum

Middle ear pathology
Cardiovascular disease
Congestive heart failure
Aortic aneurysm
Other diseases
Gastroesophageal reflux disease
Laryngopharyngeal reflux
Chronic aspiration
Psychogenic cough
Foreign bodies
Drugs
Angiotensin-converting enzyme inhibitors
Others
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Allergic Rhinitis and Cough

Allergic rhinitis is an IgE-mediated inflammatory response of the nasal mucosa to
inhaled allergens. Symptoms include rhinorrhea, airflow obstruction, inflamed nasal
passages, itching of the hard palate, and allergic conjunctivitis. As the sensitization
to aeroallergens is becoming increasingly recognized, the prevalence of allergic rhi-
nitis is rising and likely affects up to 15-30 % of the US population. Patients may
report postnasal drip, which irritates the larynx and trachea and triggers the cough
reflex. Allergic rhinitis is also closely linked to asthma; therefore the cough may
arise from within the tracheobronchial tree. Clinicians should have a heightened
suspicion for allergic rhinitis in patients with systemic atopy.

Allergic rhinitis is a heterogeneous disorder that includes seasonal allergic rhini-
tis (SAR) and perennial allergic rhinitis (PAR). SAR occurs in response to tree,
grass, and weed pollens, and the disease activity is often episodic and follows a
seasonal variation. In contrast, PAR is a result of sensitization to indoor allergens,
such as dust mites, cockroaches, and animal dander, and patients report symptoms
year-round. Diagnosis is often made from clinical evaluation alone; however,
allergen-specific testing can be of some utility. These include immediate hypersen-
sitivity skin testing (skin prick testing) and/or serum tests for allergic-specific IgE
antibodies, which can identify particular inhalant allergens that should be avoided.
A thorough physical exam with special attention to the nose, oropharynx, and ears
is essential. Infraorbital edema and a transverse nasal crease may be identified by
simply inspecting the patient’s face. The nasal mucosa often assumes a pale, bluish
hue. The posterior oropharynx may have bands of lymphoid tissue, giving it a “‘cob-
blestoned” appearance. Additionally, otoscopic evaluation may reveal tympanic
membrane retraction from serous fluid accumulation.

Pharmacotherapy is centered on intranasal glucocorticoids, antihistamines, and leu-
kotriene-receptor antagonists. Intranasal glucocorticoids have the most benefit in SAR
as maintenance therapy, while the efficacy in PAR is less clear. They are often used as
first-line agents, and while the onset of action takes just hours, patients may not report
symptomatic benefit for several days to weeks. Step-up therapy with the addition of
antihistamines and leukotriene-receptor antagonists should be considered. Allergen
immunotherapy may be beneficial if suboptimal response is obtained with traditional
pharmacologic therapy, and this involves administering subcutaneously or sublingually
the known allergen(s) in serial aliquots in efforts to lessen the allergic response.

Nonallergic Rhinitis and Cough

Nonallergic rhinitis is characterized by nasal congestion and clear mucous discharge,
and less often by sneezing and itching. The true prevalence is uncertain as it fre-
quently coexists with allergic rhinitis. It differs from allergic rhinitis in that it is not
an IgE-mediated event, and therefore serum IgE and allergen-specific testing are
often unremarkable. Identifiable triggers are perennial upper airway irritants such
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as strong odors and perfumes, tobacco smoke, pollution, and temperature varia-
tions. Nonallergic rhinitis comprises several clinical entities, including vasomotor
rhinitis, nonallergic rhinitis with eosinophilia syndrome, rhinitis medicamentosa,
and gustatory rhinitis, which will be discussed here.

Nonallergic Rhinopathy

Patients with nonallergic rhinopathy (NAR, formerly called vasomotor rhinitis)
experience symptoms related to chronic mucous hypersecretion causing nasal con-
gestion and rhinorrhea in the absence of immunologic or infectious etiologies. The
precise mechanisms are unknown but are thought to involve some degree of noci-
ceptive and autonomic dysfunction, producing an exaggerated response to environ-
mental triggers such as smoke, odors, and, in particular, cold air. It can present a
challenge to distinguish NAR from other forms of rhinitis, especially since the diag-
nosis is made clinically. Patients may report increased mucous production, postna-
sal drip, and cough after exposure to the offending agent. Nasal and palatal itch,
ocular symptoms, and sneezing are not customary, but the presentation can vary.
Avoidance of known triggers is the first step in treatment. The efficacy of pharma-
cologic therapy in NAR is less clear but usually involves intranasal corticosteroids
and topical histamine antagonists such as azelastine. Ipratropium bromide, an anti-
cholinergic, is also approved to treat rhinorrhea.

Nonallergic Rhinitis with Eosinophilia Syndrome

Nonallergic rhinitis with eosinophilia syndrome (NARES) is a clinical syndrome
that presents similarly to nonallergic rhinitis with the exception that nasal cytology
analysis demonstrates greater than 20 % eosinophils. NARES lacks an allergic com-
ponent, as patients have negative serum IgE and allergen-specific testing. In addi-
tion to chronic rhinorrhea, nasal obstruction, nasal pruritis, and sneezing, these
individuals may complain of anosmia, which is unique to this syndrome. NARES
has some overlapping features with nasal polyposis and often precedes its develop-
ment. The pathophysiology is thought to involve the activation of eosinophils and
mast cells in the formation of a chronic eosinophilic infiltrate, followed by a dis-
rupted nasal mucosa and nasal hyperresponsiveness. Intranasal corticosteroids are
the cornerstone of treatment and are also beneficial if nasal polyps are present.

Rhinitis Medicamentosa

Rhinitis medicamentosa describes a rebound phenomenon of nasal congestion and
rhinorrhea owing to the overuse of topical nasal decongestants. This is observed
with sympathomimetic amines and imidazolines, such as oxymetazoline, which
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initially works well to control the nasal blockage. However, persistent use leads to
an earlier return of symptoms, and patients begin to increase the frequency of
administration and soon become reliant on the agent. Immediate discontinuation of
the nasal decongestant is recommended but may transiently worsen the congestion
and induce more mucous production. In some cases, intranasal glucocorticoids and,
rarely, oral corticosteroids are needed to abate symptoms. When patients report dis-
abling nasal obstruction, we recommend no more than 3 days of the topical
decongestant.

A separate clinical entity is drug-induced rhinitis, which is seen with a vari-
ety of medications. This differs from rhinitis medicamentosa in that symptoms
occur almost immediately after onset of use and terminate with drug with-
drawal. Table 10.2 lists some of the medications that cause drug-induced
rhinitis.

Gustatory Rhinitis

Gustatory rhinitis is a nonallergic and noninflammatory form of rhinitis that
occurs after the ingestion of solid and liquid foods (often hot and spicy). Patients
report watery rhinorrhea within several seconds to minutes after consuming the
food. Nasal obstruction, pruritis, or sneezing is typically not observed. It is
believed to be related to an increased parasympathetic response and stimulation
of trigeminal sensory nerve endings. Avoidance of culprit foods is recommended.
Intranasal application of ipratropium bromide has demonstrated efficacy in
relieving symptoms.

Table 10.2 Common Aspirin

medlc.atlons aSS(.)C.IB:th w1t.h NSAIDs

drug-induced rhinitis (partial .

. Clonidine

list)
Prazosin

Doxazosin
Phentolamine

Phosphodiesterase type-5 inhibitors (sildenafil,
tadalafil, vardenafil)

Angiotensin-converting enzyme inhibitors
B-Blockers

Calcium channel blockers

Hydralazine

Hydrochlorothiazide

Estrogens and oral contraceptives
Risperidone
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Infectious Rhinitis and Cough

Infectious rhinitis is the most frequent acute illness managed in the outpatient setting.
Patients may present with an acute or subacute cough in the setting of recent nasal con-
gestion, rhinorrhea, and a sore or scratchy throat. This is routinely due to viral infections
as bacterial and fungal pathogens rarely cause acute rhinosinusitis. Cough typically
begins 1-5 days after the onset of the upper respiratory tract infection (URI) symptoms.
Postnasal drip can elicit the cough, but there is also a heightened cough reflex during an
acute viral URI via inflammatory effects on the airway epithelium and stimulation of
cholinergic pathways causing bronchial hyperreactivity. As such, the URI itself resolves
within 3-7 days, but a post-URI cough can linger for up to 8 weeks. This post-viral
tussive syndrome may persist longer in patients with known underlying airway disor-
ders such as asthma or bronchiectasis. Patients may present later in the course of their
illness with unremitting cough and can often trace it back to the onset of the URIL

Diagnosis is made with clinical history alone, as there are rarely suggestive phys-
ical exam findings. Treatment is supportive. The American College of Chest
Physicians (ACCP) evidence-based guidelines recommend an antihistamine/decon-
gestant preparation to treat cough related to URI. Other remedies include saline
nasal irrigation, inhaled anticholinergics, antitussives, and expectorants.

Viral rhinitis can progress to sinusitis. Occasionally, a viral rhinitis can be com-
plicated by an acute bacterial sinusitis in which the majority of cases are due to
infection with Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella
catarrhalis. Purulent nasal discharge, maxillofacial tenderness, and fever are typi-
cally associated with a bacterial etiology, but these are not always reliable making it
challenging for the clinician when deciding on antimicrobial therapy. Guidelines
from the Infectious Diseases Society of America indicate the following three ways
to identify an acute bacterial sinusitis:

1. Symptoms persisting for >10 days without evidence of clinical improvement

2. High fever (>39 °C [102 °F]) and purulent nasal discharge or facial pain lasting
at least three to four consecutive days

3. Worsening symptoms, such as fever and purulent nasal discharge, that develop
several days after the onset of illness that was initially improving

Empiric antibiotic therapy is often instituted since cultures are not routinely
obtained. Amoxicillin-clavulanate is first line; doxycycline or a respiratory fluoroqui-
nolone can be used in penicillin-allergic patients. Urgent referral to a specialist is indi-
cated if orbital swelling, visual disturbances, or concerns of intracranial infection arise.

Angiotensin-Converting Enzyme Inhibitor Cough

Angiotensin-converting enzyme (ACE) inhibitors are often an overlooked cause of
dry cough. The widespread use of these agents has made this side effect more rec-
ognizable. It is believed to be related the accumulation of substance P and
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bradykinin in the airways from the inhibition of ACE, which normally serves to
degrade these mediators. Cough develops in as many as 35 % of patients treated
with an ACE inhibitor and can occur immediately or have a delayed onset of weeks
to months. Discontinuation of the drug typically leads to resolution of the cough
within a few weeks. Angiotensin II receptor blockers (ARBs) are alternatives and
are less associated with cough.

Asthma and Cough

Asthma is among the top three causes of chronic cough in adults. It is a chronic inflam-
matory disease of the lower airways, leading to bronchial hyperresponsiveness and
variable airflow limitation. Recurrent episodes of cough, wheeze, breathlessness, and
chest tightness occur in response to exposure to known aeroallergens, infection, or
exercise. Asthma is really a syndrome and encompasses different subtypes, including
cough-variant asthma and nonallergic forms of asthma. Asthma-associated cough can
be a challenge to diagnose since symptoms overlap with other causes of chronic cough.
The mechanism of cough in asthma is poorly understood. Bronchial hyperresponsive-
ness, mucous hypersecretion, and neurogenic inflammation caused by sensitized sen-
sory nerve endings are thought to induce airway hyperalgesia and subsequent cough.

Pulmonary function testing is routinely performed to assess the degree of airflow
obstruction and potential air trapping; however, this can be normal between exacerba-
tions. In this case, bronchoprovocation testing can evaluate for bronchial hyperreactiv-
ity. Baseline spirometry is performed and then successive increasing doses of aerosolized
methacholine or histamine are administered to the patient, followed by spirometry. A
positive test is confirmed if the FEV, (forced expiratory volume in 1 s) drops by at least
20% from baseline, and the dose at which this occurs is termed the provocation dose.

Home peak expiratory flow (PEF) monitoring with portable meters is an objec-
tive way of monitoring airway changes. Diurnal variation of at least 20 % is diag-
nostic of asthma, and the magnitude of variability between morning and evening
measurements is proportional to the severity of disease.

Anti-inflammatory agents, such as inhaled corticosteroids (ICS), are first-line
agents in maintenance asthma control. Oral preparations may be necessary in severe
cases and exacerbations. Long-acting beta-agonists and leukotriene-receptor antag-
onists are used in conjunction with ICS. Individuals with severe, refractory atopic
asthma may benefit from anti-IgE therapy.

Cough-Variant Asthma

When cough is the predominant symptom in asthma, it is termed cough-variant
asthma (CVA). These individuals demonstrate an exaggerated cough reflex but less
bronchial hyperreactivity compared to individuals with typical asthma who cough.
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In fact, patients with CVA often do not experience typical asthma symptoms, such as
wheeze or chest tightness. Spirometry may be normal. Standard anti-asthma therapy
is employed in CVA, and symptom resolution is often diagnostic of the condition.

Nonasthmatic Eosinophilic Bronchitis

Nonasthmatic eosinophilic bronchitis (NAEB) is a form of airway inflammation
marked by chronic cough and increased sputum eosinophils in the absence of vari-
able airflow obstruction and airway hyperresponsiveness. It has been suggested that
sensitization to specific aeroallergens or occupational chemical inhalants can induce
NAEB. Mast cell localization plays a significant role in the pathophysiology of
NAEB. In addition to avoidance of known offending agents, the cornerstone of
pharmacologic treatment is inhaled corticosteroids.

Gastroesophageal Reflux Disease and Cough

Gastroesophageal reflux disease (GERD) is a frequent but under-recognized cause of
chronic cough in adults. The median symptom duration is 48 months before a diag-
nosis is made, compared to less than 12 months for other causes of chronic cough.
GERD involves irritation and stimulation of upper airway cough receptors and recur-
rent episodes of microaspiration from the esophagus into the lower respiratory tract.
Recent studies suggest that the cough reflex also may be enhanced. Symptoms typi-
cal of GERD, such as heartburn or water brash, do not necessarily accompany the
cough. Clinicians may elect a 6-8-week trial of acid suppression with proton pump
inhibitors and/or H2-receptor antagonists. Ambulatory esophageal 24-h pH monitor-
ing off acid-suppressive therapy is a confirmatory test, in which the percentage of
time the pH of the esophagus measures below four is recorded.

Barium swallow can identify mucosal abnormalities related to acid irritation.
Upper endoscopy should be considered if worrisome symptoms are present, empiric
therapy fails to resolve the symptoms, and other tests are normal.

Laryngopharyngeal reflux (LPR) is an extra-esophageal variant of GERD in which
gastric acid, enzymes, or gasses reflux through the upper esophageal sphincter to the
larynx and pharynx. This leads to laryngeal irritation, inflammation, and chronic cough.

Symptomatic Treatment of Cough

A wide range of disease processes may present with cough and definitive treat-
ment is contingent upon finding the underlying cause. In some cases, an etiology
is not identified, has no specific treatment, or requires prolonged treatment;
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management of symptoms is fundamental. The problem is complicated by the
lack of effective antitussive therapies and an unpredictable response to therapy.
Cough that does not respond to typical therapy should be investigated further with
appropriate imaging and pulmonary function testing. Consideration of invasive
procedures, such as laryngoscopy and/or flexible bronchoscopy, may be
necessary.

Medications with antitussive effect are classified based on location of action,
centrally versus peripherally-acting. Centrally-acting agents, which include nar-
cotic opioids and dextromethorphan (a nonnarcotic opioid), influence brainstem
circuitry in the basic cough reflex. Attendant intolerable side effects, such as
sedation and GI upset, often limit their use. Older-generation antihistamines,
dexbrompheniramine and diphenhydramine, exert their anticholinergic effects in
UACS.

Benzonatate is a peripherally-acting agent that reduces cough by inhibiting
pulmonary stretch receptors. Guaifenesin is an expectorant that enhances muco-
ciliary clearance and decreases the viscosity of secretions to promote effective
removal.

Studies suggest that the tricyclic antidepressant amitriptyline and gamma-
aminobutyric receptor antagonist baclofen have off-label use in refractory cough.
Caution is required when using these agents as they can have considerable side
effects, especially in elderly patients.

Emerging Concepts
Neuropathic Cough

An emerging concept in the pathophysiology of chronic cough is the cough hyper-
sensitivity syndrome (CHS). Defined by a Task Force of the European Respiratory
Society in 2011 and ultimately published in 2014, CHS is “a clinical syndrome
characterized by troublesome coughing often triggered by low levels of thermal,
mechanical, or chemical exposure.”

Prior upper respiratory viral infections or exposure to inhaled irritants induces
inflammatory changes leading to airway sensory neural dysfunction and upper
airway paresthesia. This enhances the cough reflex, and low levels of tussive and
nontussive stimuli are sufficient to trigger cough. A number of mechanisms have
been proposed to underlie CHS, including amplified expression of the transient
receptor potential vanilloid-1 (TRPV1) in afferent nerves. The TRPVlis a sub-
type of the transient receptor potential (TRP) family of ion channels and is
expressed in several tissue types and disease states. Experimental studies sug-
gest that various noxious stimuli not only activate but also sensitize this receptor
to otherwise bland mediators, producing sustained damage of airway mucosa,
which may be the basis for the hypertussive response in chronic cough
(Fig. 10.1).
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Fig. 10.1 The proposed mechanisms of cough hypersensitivity syndrome. In the healthy adult,
cough begins as a protective defense mechanism in response to noxious stimuli. Prolonged or
repeated insults generate afferent neural injury and remodeling, leading to local and systemic neu-
ropathy, such that even benign stimuli trigger the cough reflex (Reprinted from Chung et al.)

Conclusion

Cough is one of the most frequently encountered problems in general practice, has
a significant impact on quality of life, and contributes a substantial cost to the
healthcare system.

More than of 90 % of cases of chronic cough in the adult are attributed to UACS,
GERD, and airway inflammation (including asthma and NAEB). History and physi-
cal examination may be sufficient, and a trial of therapy can be both diagnostic and
therapeutic, without the need for invasive tests. Progression of symptoms and the
development of worrisome symptoms warrant further investigation. The etiology is
not always discovered, leaving patients with idiopathic or unexplained cough and
need for symptom management. Even in cases where a cause is identified, response
to treatment is variable.

A novel paradigm termed “cough hypersensitivity” describes persistent upregu-
lation of the cough reflex owing to dysfunction of vagal afferents and heightened
stimulation of laryngeal and upper airway cough receptors. This is an evolving con-
cept and believed to be a principal feature of chronic cough.
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Chapter 11
Urticaria and Angioedema

Bettina Wedi and Alexander Kapp

Urticaria, commonly known as hives, is a common dermatological condition. It is
characterized by acute or chronic, superficial swelling of the skin that is almost
invariably associated with itching. Lifetime incidence is higher than 20%. The
mechanism is local vasodilatation and increase in capillary permeability with
plasma leakage and IgE-mediated or non-immunologic activation of mast cells
causing mediator release, predominantly of histamine. The itching can be pricking
or burning and is usually worse in the evening or nighttime. Typically the lesions are
rubbed and not scratched; therefore, excoriated skin is usually not a consequence of
urticaria.

Angioedema is caused by a similar mechanism but is localized deeper in the
dermis, subcutaneous, and submucosal tissues. Urticaria and angioedema can occur
anywhere on the body. Angioedema most often involves the eyelids, lips, and geni-
talia but sometimes also the tongue and laryngopharynx, which can be life threaten-
ing and causes anxiety (symptoms occur often at nighttime). Systemic symptoms
such as fatigue and respiratory, gastrointestinal, and arthralgic symptoms are rare.

Urticaria is not a single disease but a reaction pattern. The clinical pictures are of
heterogeneous etiology and therefore it is subclassified into distinct groups.

Classification of Urticaria

Spontaneous urticaria (about 80 %) that can be acute or chronic is separated from
chronic inducible urticarial subtypes (about 20 %). The term chronic inducible urti-
caria summarizes physical urticaria (about 10%) and special types of urticaria
(<10 %) (see Table 11.1).
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Table 11.1 Classification of urticaria subtypes

Urticaria
group Subtype of urticaria Definition
Acute Acute spontaneous Spontaneous wheals, angioedema, or both for less than
6 weeks
Chronic Chronic spontaneous Spontaneous wheals, angioedema, or both for longer
than 6 weeks
Chronic inducible: Reproducible eliciting factors
(Physical)
Cold Cause: cold (air/water/wind)
Delayed pressure Cause: vertical pressure (latency of 3-8 h)
Localized heat Cause: local heat
Solar Cause: UV and/or visible light
Dermographic Cause: mechanical shear forces
Vibratory Cause: vibratory forces (pneumatic hammer)
(Special type)
Aquagenous Cause: water contact of any temperature
Cholinergic Cause: increased body temperature
Contact Cause: contact with urticariogenic substance

Two or rarely more subtypes of urticaria can occur in the same patient such as
chronic spontaneous urticaria and dermographism or delayed pressure urticaria. In
these cases urticaria is more often difficult to treat and is long persisting.

Other diseases such as urticaria vasculitis and urticaria pigmentosa although
associated with the name urticaria for historical reasons are no longer grouped
under the heading urticaria.

Spontaneous Urticaria

About two-thirds of spontaneous urticaria is acute (allergic or nonallergic), and
about one-third is chronic spontaneous urticaria (nonallergic).

Acute Spontaneous Urticaria
Definition

Acute spontaneous urticaria is defined as spontaneous wheal and flare reaction of
less than 6 weeks duration (Fig. 11.1). Most often it is a single episode lasting 1 or
2 weeks. Angioedema is associated in more than 50 % of cases. Acute spontaneous
urticaria is a common skin disease in medical emergency service. There is no gen-
der preference.
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Fig. 11.1 Typical wheal and
flare reaction in spontaneous
urticaria

Table 11.2 Common causes of acute spontaneous allergic urticaria and/or angioedema

Foods (peanuts, shellfish, milk, eggs, tree nuts, soy, latex-associated fruits such as banana,
kiwi, avocado, chestnut)

Drugs (beta-lactam antibiotics)

Insect venoms, fire ant

Clinical Symptoms

The size, number, and shape of wheals (elevated erythema) vary considerably and
can develop anywhere on the body. Sometimes the lesions become annular, arcuate,
or polycyclic when confluent. Urticarial wheals are always very itchy but are not
scratched so that secondary skin lesions like erosions are rarely seen. General symp-
toms like fever, arthralgia, headaches, or cardiovascular disturbances may accom-
pany an exacerbation. Involvement of the tongue and pharynx is often associated
with hoarseness, difficulties to swallow, and dyspnea.

Pathogenesis and Diagnosis

The most common type of acute urticaria is acute nonallergic urticaria in which
most cases are associated with an acute upper respiratory or genitourinary infection
and/or a pseudoallergic reaction (particularly to cyclooxygenase I inhibitors such as
aspirin and other NSAIDs). In contrast, in atopics acute allergic urticaria caused by
IgE-mediated allergy (e.g., to food allergens, hymenoptera stings, and drugs such as
penicillin) can be found more frequently (Table 11.2).

Diagnosis is based upon a careful history to identify potential triggering factors
(ask for atopic diseases, known allergies, drug intake, signs of infections) and physi-
cal examination (blood pressure, pulse, lung auscultation). If a cause cannot be
identified by history, no investigations are needed due to the self-limiting nature of
acute spontaneous urticaria.
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Management (Prognosis)

Medical supervision (inpatient care) is recommended in case of dyspnea, hypotension,
and generalized severe urticaria. Causal treatment includes stopping of culprit drug
intake, removing insect stinger, and prescription of antibiotics in bacterial infections.
Symptomatic treatment consists of second-generation H1-antihistamines up to fourfold
daily (consider potential side effects when increasing the dose!) and if favored, also local
treatment with antipruritic and cooling lotions. In severe cases (associated severe angio-
edema) often additional administration of glucocorticosteroids up to 100-250 mg pred-
nisolone (IV) and H1-antihistamine (IV) are needed, maybe repeatedly. In progressive
cases, anaphylactic shock treatment including proper administration of epinephrine is
mandatory. Most cases improve promptly after (IV) treatment with H1-antihistamines
and glucocorticosteroids. However, symptoms may reoccur several hours later (in most
patients total symptoms persist less than 2 weeks). Therefore, outpatients should take
second-generation H1-antihistamines in adequate dose (up to fourfold) for 1-2 weeks
and should be provided with a rescue medication, e.g., drinkable corticosteroid, for
severe symptoms. There is no prognostic factor identifying patients at risk for progres-
sion to chronic spontaneous urticaria (less than 1 %). It is discussed that adequate treat-
ment of acute spontaneous urticaria can inhibit the progression to chronic spontaneous
urticaria.

Chronic Spontaneous Urticaria
Definition

Urticaria is chronic if it persists for more than 6 weeks with nearly daily whealing
episodes. Urticaria with less frequently occurring bouts over a long period is called
episodic and is more likely to have an identifiable environmental trigger. Chronic
spontaneous urticaria usually persists on average for 3-5 years. In 40% of those
who suffer from it for more than six months, it will be still present for 10 years. 20%
have chronic urticaria for more than 20 years. Lifelong prevalence is about 0.5 %
and as far as known does not vary greatly across the world. Chronic spontaneous
urticaria is most common in middle-aged adults, particularly in women, but also
occurs in infants and children (Fig. 11.2).

Clinical Symptoms

Clinical symptoms are similar to acute spontaneous urticaria but persist longer than
6 weeks. Like in acute spontaneous urticaria, at least half of the patients suffer from
concomitant and sometimes life-threatening angioedema. Ten percent to 20 % of
patients have recurrent angioedema without urticaria. In chronic spontaneous urti-
caria, systemic symptoms are possible.
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Fig. 11.2 Chronic spontane-
ous urticaria combined with
dermographic urticaria in a
child

Quality of life is significantly impaired equal to that experienced by patients with
severe atopic dermatitis, psoriasis, or triple coronary arterial disease. The main rea-
sons for decreased quality of life are intense pruritus, particularly in the evening and
night, and sleep disturbances. Often secondary conditions such as psychosocial
problems also develop.

Pathogenesis and Diagnosis

The diagnosis of chronic spontaneous urticaria is based upon a thorough history con-
sidering potential triggering factors, a physical examination including a test for der-
mographism, laboratory investigations, and if needed additional specific procedures.
Patient diaries are very helpful to understand the fluctuating intensity of the disease.

Every attempt should be made to find an underlying etiology in each patient,
because the identification and elimination of causal factors represent the best thera-
peutic approach. IgE-mediated hypersensitivity due to exogenous allergens is gen-
erally very rarely the cause of symptoms in chronic spontaneous urticaria, and
there is no increased frequency of atopy. The implication of genuine food allergy is
exceptional, in contrast to acute spontaneous urticaria. Thus, routine skin prick
tests to inhalant and food allergens are of little value. However, many direct and
indirect releasing factors may be involved. Possible mechanisms include autoim-
mune mechanisms, infectious diseases (viral, bacterial, fungal, parasites) particu-
larly Helicobacter pylori-associated gastritis, pseudoallergic mechanisms, and
others such as internal diseases and malignancies. It is often overlooked that sev-
eral of these mechanisms may be active in a single patient. About one-third of
patients show evidence for an autoimmune pathogenesis caused by functional mast
cell stimulating IgG antibodies against the alpha subunit of the high-affinity IgE
receptor and more rarely against IgE itself. Indicative is a positive autologous
serum skin test (ASST) performed by a specialist although the clinical relevance is
far from being clear (ASST can be still positive after resolution of urticaria). At
present, there are no commercial sources of direct measurement of these autoanti-
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bodies. In addition, about 30 % of chronic spontaneous urticaria cases are also
associated with antithyroid antibodies. Aspirin and NSAIDs (Table 11.3) aggravate
symptoms and evoke exacerbations by a non-IgE-mediated pseudoallergic mecha-
nism in one-third of patients. Often regular intake of these drugs is not reported.
Other mast cell-activating drugs are morphine, codeine, muscle relaxants, poly-
myxin, and dextran. Rarely, nonallergic hypersensitivity reactions to food additives
play a role but generally have no role unless proven by a double-blind, placebo-
controlled challenge.

A reliable diagnostic procedure is outlined in Fig. 11.3. With regard to the long
duration of the annoying skin disease, a well-directed workup based upon a thorough
history is indicated. An expert opinion should be sought in severe and unusual cases.

In case of prolonged duration of individual wheals (more than 24 h) and resolu-
tion with purpura and pigmentation, biopsies should be taken to exclude vasculitis
by histology and immunofluorescence assay. This is important as systemic disease
like lupus erythematosus is usually associated with extracutaneous manifestations.

Table 11.3 Common Acetylsalicylic acid (aspirin)
NSAIDs triggering urticaria Ibuprofen
and angioedema . P

Diclofenac

Naproxen

Metamizol

\Infefns/ w allergic hypersensitivity

Search for: - Autologous serum - Consider triggering
- Helicobacter pylori skin test (specialist) by aspirin/NSAID
- Streptococci - Cellular activation - In rare cases
- Staphylococci test (e. g. serum- pseudo-allergen-
- Yersinia induced histamine low diet
release)
- Thyroid autoAbs

- (Antinuclear Abs)

4

Thoroughhistory, dermographism, (physical tests), differential count,
general parameters for inflammation (e. g. CRP)

Fig. 11.3 Recommended diagnostic schedule in chronic spontaneous urticaria
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Although very rare, chronic spontaneous urticaria can be associated with malig-
nant diseases. Moreover, genetic syndromes (e.g., Muckle-Well’s syndrome, hyper-
IgD syndrome, chronic infantile neurological cutaneous and articular syndrome),
hematologic (e.g., Schnitzler’s syndrome), and immune disorders (e.g., systemic
lupus erythematosus, hypocomplementemic urticaria vasculitis syndrome) may pres-
ent with (often non-itching!) urticaria-like skin lesions. Other differentials include
scabies, arthropod reactions, urticarial stages of autoimmune bullous skin diseases
such as bullous pemphigoid, and early stages of vasculitis and erythema multiforme.

It has been shown that 20-30 % of children with acute spontaneous urticaria of
which almost all were associated with acute infections progressed into chronic
spontaneous urticaria. Accordingly, persistent chronic, often bacterial infections
(e.g., with streptococci, staphylococci, but also with Helicobacter pylori) are com-
mon in childhood chronic spontaneous urticaria. Furthermore, like in adults, posi-
tive autologous serum skin test indicating autoreactivity can be found in one-third.
In children and young adults, serology for Epstein-Barr virus and cytomegalovirus
should also be included in the diagnostic workup.

Management (Prognosis)

According to current international urticaria guidelines, the aim of treatment of every
urticaria subtype should be achievement of complete symptom control. Relevant
outcomes of treatment trials include pruritus, wheal size, number and frequency of
wheals and/or angioedema, loss of awakening, overall physician and patient assess-
ment, and permanent remission of the disease. Modern treatment control strategies
are using established instruments such as urticaria activity score (UAS, weekly:
UAS7), angioedema activity score (AAS, weekly: AAS7), urticaria control test
(UCT), and chronic urticaria questionnaire for quality of life (CUQ,0L). The goal is
to maximize quality of life and ability to work or to attend school and to minimize
drug-related side effects such as sedation. Unspecific trigger factors such as intake
of aspirin/other NSAIDs (in favor to acetaminophen), alcohol, and overheating, in
case of angioedema ACE inhibitors (often also sartans) should be avoided. Specific
and sufficient treatment of identified persistent bacterial and parasitic infections can
result in complete remission. In single cases with challenge-proven nonallergic
hypersensitivity reactions to food additives, dietary avoidance for 3—6 months may
be helpful.

Long-acting second-generation H1-antihistamines are the mainstay of symptom-
atic treatment and can be given the highest grade of recommendation according to
the criteria of evidence-based medicine (Table 11.4). They reduce itch, wheal dura-
tion, and numbers and increase quality of life. To administer an adequate dose in
chronic spontaneous urticaria, it is common practice to exceed the licensed dose.
The current international guideline recommends an increased dose of up to fourfold
the normal dose while considering the side effects. Due to the long-term duration of
the disease, second-generation H1-antihistamines are preferred, particularly when
increased dosage is needed. H1-antihistamines demonstrating high-quality evidence
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Table 11.4 Recommended treatment for chronic spontaneous urticaria

Line Recommended treatment
First A. Standard dose of second-generation H1-antihistamine daily

B. Adequate treatment of identified triggering factors, e.g., triple therapy for
Helicobacter, antibiotics for streptococci, or L-thyroxine in case of thyroid
autoimmunity

C. Avoid overheating, tight clothing, alcohol, aspirin/NSAID, ACE inhibitors, and
ATII antagonists

D. Reassure patient about the benign nature of the condition and the difficulties in
treatment

E. Optional topical treatment (2 % menthol or 2 % polidocanol in aqueous cream or
lotion)

Second | A. Increased dose of second-generation H1-antihistamine daily (up to fourfold,
off-label use)

B. Try another second-generation H1-antihistamine (up to fourfold dose, off-label
use)

Third Add omalizumab 300 mg SC monthly or
Add montelukast 10 mg daily or
Add cyclosporine A 3 mg/kg daily

in chronic spontaneous urticaria treatment include azelastine, bilastine, cetirizine,
desloratadine, ebastine, fexofenadine, levocetirizine, loratadine, mizolastine, and
rupatadine (alphabetical order). Management is better achieved by taking daily
H1-antihistamines, not just when the patient is symptomatic. Moreover, replace-
ment of one Hl-antihistamine with another should be tried because of individual
differences in responsiveness.

As a general rule, Hl-antihistamines are safe but potential side effects such as
impairment of performance, sedation, interaction with CYP450 enzymes, liver and
cardiac side effects, and nephrotoxicity should be considered for the respective
choice. In pregnancy loratadine and cetirizine in standard dose are regarded as safe.

Systemic glucocorticosteroid treatment is included in the international guideline
treatment algorithm at each step but only for acute exacerbations and short periods
(maximum of 10 days, initial recommended dose 0.5—1 mg prednisolone equivalent
per kg weight).

Complete symptom relief is rarely achieved with a standard dose of a second-
generation Hlantihistamine. If symptoms are not controlled at step 2, the dose is
increased up to fourfold considering potential side effects (off-label use). If the
symptoms persist, at step 3 add-on treatment with omalizumab (monoclonal anti-
IgE antibody) or cyclosporine A (immunosuppressant) or montelukast (leukotri-
ene receptor antagonist) are recommended in the guidelines. After the guidelines
have been developed and published, omalizumab at a dose of 300 mg every fourth
week subcutaneously has been approved for chronic spontaneous urticaria in
adults and adolescents (>12 years old) that do not respond to H1-antihistamines.
The exact working mechanism in urticaria has not been clarified in detail so far
but may be dependent on deactivation of mast cells/basophils. In vitro and in vivo
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omalizumab is building small complexes with IgE. Deposition of complexes or
complexes with a molecular weight of more than one million Dalton has not been
observed until now.

Approval is based upon randomized placebo-controlled clinical trials including
more than 1000 patients with chronic spontaneous urticaria aged 12-75 years.
Therefore, omalizumab is the treatment of choice with highest level of evidence. In
many patients it is effective 1 or 2 weeks after the first injections. Nevertheless, treat-
ment is symptomatic and after discontinuation, symptoms return in about 4 weeks.
Complete symptom control has been demonstrated in 34-44 % of such patients
compared to 5-9 % in the placebo control group. The clinical trials have not demon-
strated other safety risks compared to the known risk in severe allergic asthma.

Short-term studies have demonstrated good evidence for treatment with cyclo-
sporine A (2.5-5 mg per kg body weight). Such a treatment represents another off-
label alternative at step 3 of the international guideline treatment algorithm.
However, clinical response often does not occur before 4-6 weeks, and potential
severe side effects (e.g., disturbances of kidney and liver function, arterial hyperten-
sion, immunosuppression, and cancer risk) have to be considered.

The leukotriene receptor antagonist montelukast (10 mg per day) is another choice
included at step 3 of the international guideline algorithm, although efficacy data are
sparse and contradictory. In single cases it may be worth trying; the side effects and
costs are manageable and response is anticipated within 4 weeks of treatment.

Due to insufficient evidence, H2-antihistamines and dapsone are no longer
included in the treatment algorithm.

Drugs that have demonstrated success in small trials, case series, or case reports
are hydroxychloroquine, dapsone, sulfasalazine, tacrolimus, methotrexate, myco-
phenolate mofetil, cyclophosphamide, UVB phototherapy, autologous blood injec-
tions, intravenous immunoglobulins, and plasmapheresis. Not recommended are
antidepressants (doxepin), mast cell stabilizers (oxatomide, ketotifen), calcium
channel blockers (nifedipine), sympathomimetics (terbutaline), anticoagulants
(warfarin), and stanozolol.

If chronic spontaneous urticaria persists for longer than 6 months, prognosis is
increasingly bad. After 10 years, more than 40 % still suffer from the disease.
Regarding chronicity and impairment of daily life and occupational disability, it is
also reasonable to treat the psychological factors involved in chronic spontaneous
urticaria.

Chronic Inducible Urticaria

Chronic inducible urticaria is a distinct group that is reproducibly caused by a cer-
tain stimulus and should be clearly differentiated from spontaneous urticaria
although both can coexist. Chronic inducible urticaria summarizes physical urti-
carial and special urticarial subtypes. In chronic inducible urticarial subtypes,
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usually the wheals resolve within 2 h except in delayed pressure urticaria and
delayed dermographic urticaria. Although clinically impressive, to date, neither the
pathomechanisms have been clarified nor are sufficient data available to recom-
mend treatment schedules based upon an evidence-based view. Prognosis of physi-
cal urticaria is worse than chronic spontaneous urticaria.

Physical urticaria is diagnosed by thorough history, clinical examination, and
provocation procedures using standardized physical tests. These tests are not with-
out risk. Infection as an etiology of physical urticaria has been subject of controversy.
Autoreactivity, i.e., positive autologous serum skin test, autoantibodies against IgE
receptor/IgE, or against thyroid has not been described.

Dermographic Urticaria
Definition and Pathogenesis

Dermographic urticaria (synonyms: factitial urticaria, symptomatic dermogra-
phism) develops within a few minutes after mechanical shearing forces and presents
with intensely itching wheals. It is possible to write on the skin (Fig. 11.4). In con-
trast, urticarial dermographism is asymptomatic. Dermographic urticaria is the most
frequent subtype of physical urticaria with a mean duration of 6.5 years and is often
combined with spontaneous chronic spontaneous urticaria. Dermographic urticaria
can occur after infections or may be drug induced (e.g., penicillin).

Clinical Symptoms and Diagnosis

Rubbing and touching the skin and also wearing of clothes result in local itchy
wheals which again are rubbed (vicious circle). Simply scratching the skin for a
length of about 10 cm with a pen produces linear wheals beyond the area of contact.
More standardized is the use of a dermographometer (spring-loaded stylus).
Thorough history guides further investigations to exclude infections or drugs as
causative agents.

Management (Prognosis)

Treatment is similar to chronic spontaneous urticaria and consists of second-
generation H1-antihistamines given regularly and at adequate dose (up to fourfold
the normal dose). Additional low evidence exists for ketotifen. The patient should
be reassured about the benign nature of the disorder. Dermographic urticaria is dis-
tressing but not life threatening.
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Fig. 11.4 Writing on the ' ‘
skin in dermographic !

urticaria

Delayed Pressure Urticaria
Definition and Pathogenesis

Sustained vertical pressure is the eliciting factor of delayed pressure urticaria.
Delayed pressure urticaria is more common in middle-aged males and persists for
an average of 6-9 years, often resulting in work disability. It may also be associated
with chronic spontaneous urticaria.

Clinical Symptoms and Diagnosis

Deep, painful swellings develop 6-8 h after sustained pressure and persist for up to
2 days. Typical localizations are the palms and soles, buttocks, back, and skin under
straps and belts. The condition may be accompanied by systemic symptoms of mal-
aise, arthralgia, myalgia, and leukocytosis.
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Standardized pressure test consists of applying weight in amount of 0.5-1.5 kg/
cm? for 10 min in different areas (back, ventral, and dorsal thigh) (Fig. 11.5).
Evaluation of the testing area should be done at least after 30 min, 3, 6, and 24 h
intervals. Only definite raised wheals occurring after several hours indicate delayed
pressure urticaria. Elicited wheals that persist for more than 24 h should be biopsied
to exclude vasculitis.

Management (Prognosis)

Delayed pressure urticaria responds poorly to Hl-antihistamines, even in
increased doses. Nevertheless, they represent the mainstay of treatment. Some
patients are well controlled by additional low-dose corticosteroids (e.g.,
40-20 mg prednisone), others by treatment with dapsone (100-150 mg/day).
Other low-evidence alternatives are omalizumab, methotrexate (15 mg/week),
montelukast, ketotifen plus nimesulide, sulfasalazine, or topical clobetasol
prop. 0.5 % ointment.

Fig. 11.5 Left: standardized pressure test applying 500, 1000, and 1500 g/cm? for 10 min. Right
reading after 24 h revealed wheals of delayed pressure urticaria
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Cold Urticaria
Definition and Pathogenesis

Cold bodies or cold water, also cold air and cold food/drinks, can provoke cold
urticaria and angioedema within minutes. Mainly young adults are affected with an
average duration of 5 years. It may coexist with cholinergic urticaria.

Clinical Symptoms and Diagnosis

Immediate but rarely delayed reactions occur after cold exposure at the size of
localized cooling but may also be generalized following lowering of the body tem-
perature. Infectious diseases such as syphilis, borreliosis, hepatitis, infectious
mononucleosis, and HIV infections can induce cold urticaria but unrecognized bac-
terial infections are also reported. Cold provocation can be done by applying ice-
filled metal cylinders, ice cube, and/or cold water for 1-10 min (Fig. 11.6). Ideally
the threshold temperature is defined. Recently low-voltage Peltier thermoelectric
elements have been used to standardize cold provocation. Depending on the history,
cold ventilator wind provocation may also be used.

Management (Prognosis)

Identified infectious diseases should be treated adequately. Second-generation
H1-antihistamines are the first line in treatment. In idiopathic cases, antibiotic treat-
ment (e.g., with doxycycline or penicillin, IM or PO) is worthwhile trying. Several
case reports demonstrated efficacy of omalizumab. Other low-evidence alternatives
are cyproheptadine, ketotifen, and montelukast.

Fig. 11.6 Significant
swelling of the skin (“peau
d’orange”) developing 5 min
after a 5 min exposure to
ice-filled copper cylinders to
the back
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Localized Heat Urticaria
Definition and Pathogenesis

Localized heat urticaria is a rare phenomenon that is developed by direct contact
with a warm object such as air or water.

Clinical Symptoms and Diagnosis

The eliciting temperature ranges from 38 °C to more than 50 °C. Ideally the thresh-
old temperature should be defined using a 38 °C warm arm bath for 10 min (if nega-
tive the temperature may be increased) or to apply a glass tube containing hot water
(38-50 °C for 1-5 min). Wheals occur immediately and are often small sized and
fleeting.

Management (Prognosis)

Evidence-based treatment is not available. Skin hardening to heat, omalizumab, or
chloroquine may be tried.

Solar Urticaria
Definition and Pathogenesis

Solar urticaria is rare. It comprises only 4 % of all photosensitive skin disorders.
Wavelengths ranging from 280 to 760 nm, mostly UV light are the eliciting physi-
cal stimuli. Women in their third or fourth decade of life are predominantly
affected.

Clinical Symptoms and Diagnosis

Within minutes of light exposure, pruritic wheals develop although constantly
exposed areas might be not involved. Provocation is done using specific wave-
lengths of a monochromator and, for example, a slide projector (visible light) for
10 min to determine the minimal urticarial dose (MUD). The lesions usually fade
15 min to 3 h after onset. When forming a differential list, in addition to systemic
lupus erythematosus or erythropoietic protoporphyria, more common polymor-
phous light eruptions should be considered.
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Management (Prognosis)
Treatment can be frustrating. Second-generation H1-antihistamines are the first line
of treatment. Photohardening of the skin or omalizumab can be effective. Other

low-evidence possibilities include plasmapheresis, cyclosporine A, photophoresis,
plasma exchange, and intravenous immunoglobulins or hydroxychloroquine.

Vibratory Urticaria (Angioedema)

Definition and Pathogenesis

Very rarely strong vibrating forces (e.g., pneumatic hammer) result in vibratory
urticaria and/or angioedema.

Clinical Symptoms and Diagnosis

The symptoms are reproduced by a vibrating machine.

Management (Prognosis)

Exposure to vibrating forces is the treatment of choice.

Cholinergic Urticaria
Definition and Pathogenesis

Cholinergic urticaria is subclassified as a special type of urticaria since it is rather
caused by a short increase in body temperature and not by external physical stimuli.
The rise in body temperature can be the result of physical exercise, passive warmth
(hot bath), or emotional stress. Cholinergic urticaria is common in young adults
lasting for an average of 5—6 years and it may coexist with cold urticaria.

Clinical Symptoms and Diagnosis
The wheals are fleeting, typically only of pinhead size and disappear within several

minutes to 1 h. In severely affected patients, systemic symptoms such as nausea,
headache, and dizziness may be observed. In exercise-induced urticaria/anaphylaxis
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which is the main differential diagnosis, usually the wheals are larger than pinhead
size and persist for a long period. For diagnostic purposes, usually cholinergic urti-
caria is provoked by ergometer exercise or by running in place for 5-15 min.

Management (Prognosis)

As in other urticaria subtypes, use of the second-generation HI-antihistamines (in
increased dose) regularly and/or 60 min before characteristic triggering situations is the
mainstay of treatment. Nevertheless, they often fail. It is difficult to achieve exercise
tolerance. Omalizumab has been shown to be effective in several cases. Ketotifen may

be an optional medication to use. Efficient treatment with danazol has been described,
but adverse effects have to be considered when prescribing the medication.

Agquagenic Urticaria

Definition and Pathogenesis

Aquagenic urticaria is a very rare phenomenon. Contact to water of any temperature
liberates a water-soluble allergen from the stratum corneum that diffuses into the
dermis.

Clinical Symptoms and Diagnosis

After water contact small-sized wheals occur in the contact area. In contrast, in aqua-
genic pruritus itch develops without urticaria. Challenge test is performed by appli-
cation of water compresses at approximate body temperature (37 °C) for 30 min.

Management (Prognosis)

In most cases, prophylactic treatment with second-generation H1-antihistamines is
sufficient.

Contact Urticaria
Definition and Pathogenesis
Contact urticaria develops after contact to an urticant that may cause an immu-

nologic (IgE dependent) or non-immunologic reaction (IgE independent).
Examples of allergic contact urticants are food, latex, and animals; these mainly
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play a role in atopic individuals (particularly in atopic dermatitis) whereas non-
allergic contact urticants have a direct effect on blood vessels and include irri-
tants such as balsam of Peru, benzoic acid, and cinnamic aldehyde in cosmetics.
Contact to stinging nettles is the most common form of nonallergic contact
urticaria.

Clinical Symptoms and Diagnosis

Contact urticaria is characterized by immediate whealing and itching at sites of
penetration of substances through the skin or mucous membranes. In immunologic
contact urticaria, the reaction may spread beyond the site of contact and progress to
generalized urticaria/anaphylaxis. Most reactions occur at work therefore details of
the patient’s employment are essential. If IgE-mediated reactions are suspected,
skin prick test and specific IgE measurements are indicated. Other commonly used
tests are open application tests with readings at 20, 40, and 60 min intervals or
chamber tests applied for 15 min with similar reading.

Management (Prognosis)

Several episodes of contact urticaria can result in protein contact dermatitis. Therefore,
early diagnosis is critical to educate the patient to avoid the contact.

Angioedema Without Urticaria

Angioedema is defined as sudden, pronounced swelling of the lower dermis and
subcutis and is often more painful than itching. Frequently the mucous membranes
are involved and resolution can take up to 3 days.

Classification of Angioedema Without Urticaria

Recurrent angioedema without urticaria must be regarded as a separate entity. To
diagnose, hereditary (only 5% of all angioedema without urticaria) and acquired
angioedema due to C1-inhibitor (C1 INH) deficiencies (very rare) must be excluded.
Angioedema without urticaria and normal C1 INH may be of pharmacologic (ACE
inhibitor induced), pseudoallergic (NSAID induced), allergic (IgE mediated), infec-
tious (e.g., Helicobacter pylori induced), physical (e.g., in cold urticaria), or of
unknown (idiopathic) nature (Table 11.5). ACE inhibitor angioedema is the most
common cause of acute angioedema in accidents and emergency hospital depart-
ments, and up to 20 % may be life threatening.
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Table 11.5 Classification of angioedema without urticaria

Angioedema Subtype Cause

Non-C1 INH deficient | Pharmacologic ACE inhibitor induced (class effect)
Pseudoallergic NSAID-induced (usually with urticaria)
Allergic IgE-mediated (usually with urticaria)
Infectious For example, associated with H. pylori

infection (80 % with urticaria)

Physical Exposure to vibration, cold, pressure
Idiopathic No identifiable cause

C1 INH deficient (ex. | Hereditary, type I C1 INH protein deficiency, low C4

type III) Hereditary, type 1L C1 INH dysfunction, low C4

Hereditary, type III Normal C1 INH, normal C4, low Clq,
exclusively in women

C1 INH deficient Acquired, type I Secondary to lymphoma, immune complex-
mediated depletion of C1 INH
Acquired, type II Autoimmune, autoantibodies against C1 INH

Non-C1 INH-Deficient Angioedema Without Urticaria
Definition and Pathogenesis

Recurrent angioedema without urticaria occurs in 10-20 % of patients who present for
urticaria consultation (Fig. 11.7). Particularly angioedema of the tongue and laryngo-
pharynx (sometimes with serious breathing difficulties) can be triggered through a
pharmacologic effect by angiotensin-converting enzyme (ACE) inhibitors, angioten-
sin I receptor blockers (sartans), and particularly to omapatrilat (vasopeptidase inhib-
itor). These drugs cause decreased bradykinin degradation resulting in increased
bradykinin levels. Angioedema occurs in about 0.6 % of patients receiving ACE
inhibitor treatment and is more common in Afro-Americans. In most cases this side
effect occurs within 3 months of starting the drug, but occurrence after several years
is also possible. Angioedema in omapatrilat-treated patients are more frequent (1.2 %).

Other drug-related triggers include aspirin (usually a higher dose than 100 mg/
day dose) and other NSAIDs. Sometimes persistent bacterial infections, such as
those in chronic spontaneous urticaria, may be associated.

Clinical Symptoms and Diagnosis

Angioedema without urticaria like angioedema with urticaria most often involves
the eyelids, lips, and genitalia but sometimes also the tongue and laryngopharynx
which can be life threatening and causes anxiety (symptoms occur often at night-
time). ACE inhibitor angioedema may also present with sudden abdominal pain,
diarrhea, and vomiting.

A search for a dysfunction or deficiency in the C1 INH is obligatory to exclude
HAE.
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Fig. 11.7 Attack of
recurrent idiopathic
angioedema of the left eye
and upper lip

Management (Prognosis)

In recurrent angioedema ACE inhibitors, sartans and NSAIDs should be avoided.
Occasionally, angioedema may continue for some weeks or even months after the
ACE inhibitor has been withdrawn. H1-antihistamines are of little value but may
attenuate severity or frequency of angioedema. Randomized controlled trials focus-
ing on recurrent non-C1 INH-associated angioedema without urticaria are not avail-
able. Treatment is similar to chronic spontaneous urticaria, but often emergency
treatment is needed. Forty to 60 mg of prednisone can be used; if needed, the treat-
ment may be extended by additional 1 or 2 days. For life-threatening episodes,
parenteral corticosteroids, adrenaline, or even intubation or tracheotomy may be
necessary. There is a recent evidence that the bradykinin-2 receptor antagonist icati-
bant is effective in bradykinin-mediated ACE inhibitor-induced angioedema.
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Hereditary Angioedema
Definition and Pathogenesis

Hereditary angioedema (HAE) is a rare autosomal dominant condition with a preva-
lence of 1:50,000 in the general population. It is caused by a deficiency (type I,
85 %) or dysfunction (type II, 15%) of C1 INH and there is no sex bias in these
classic forms. A third (type III) form occurs exclusively in women with quantita-
tively and functionally normal C1 INH activity related to estrogens.

Clinical Symptoms and Diagnosis

HAE develops more slowly compared to ordinary angioedema, often beginning
with prodromi and can be associated with colicky abdominal pain. Laryngeal
involvement can be life threatening and treatment with corticosteroids/
Hl1-antihistamines is ineffective. HAE may develop spontaneously or after trauma,
particularly with dental maneuvers. Most cases are diagnosed in childhood and have
a positive family history. The attacks become worse at puberty and usually decrease
in frequency and severity after the age of 50. The main sites involved are face,
hands, arms, legs, genitalia, and buttocks. Glossal, pharyngeal, or laryngeal involve-
ment with sometimes fatal outcome is feared. In one large series, 10 % had at least
one required intubation or tracheostomy.

Laboratory findings reveal decreased protein levels of C1 INH in 85 % of patients
(in most cases 15-20% of normal value) and dysfunctional inhibitor in 15% of
cases (in most cases 15-20% of normal values). The level of complement C4 is
decreased. The C1 esterase deficiency should be detected by both antigenic and
functional assays.

Management (Prognosis)

Treatment of HAE is difficult. Three classes of medications have recently been
approved by the US Food and Drug Administration (FDA). For acute attacks, C1
INH concentrate, ecallantide, or the bradykinin B2-receptor antagonist icatibant
should be administered. Formerly given fresh frozen plasma is no longer recom-
mended. However, intubation or tracheotomy may be necessary. Corticosteroids
and H1-antihistamines are not helpful but subcutaneous adrenaline may be tried.
Prophylactic treatment involves C1 esterase inhibitor concentrate or anabolic andro-
gens (danazol and stanozolol) that increase the serum levels of C1 INH. Anabolic
androgens should be prescribed in the lowest effective dosage (hepatotoxicity, liver
tumors, hirsutism). In mild HAE, avoidance of provoking factors, ACE inhibitors,
estrogens together with C1 INH, or fresh frozen plasma prophylactically before
dental or surgical procedures may be sufficient.
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Acquired C1 INH Deficiency Angioedema
Definition and Pathogenesis

Clinically this condition is similar to HAE, but the onset occurs in the fifth and six decades
of life. Two types are differentiated. In type I, C1 INH depletion may be the result of
circulating immune complexes secondary to malignancy (e.g., B-cell lymphoma,
myeloma). In type II, autoantibodies directed against C1 INH itself are generated.

Clinical Symptoms and Diagnosis

Clinical symptoms are similar to that seen in HAE. Most acquired C1 INH deficien-
cies are found in the setting of lymphoproliferative disease in older patients with
negative family history.

Laboratory assessment should include C1 INH protein level and function and
levels of C4 and Clq. The laboratory findings in both types of acquired C1 INH-
deficient angioedema are similar to that in HAE except that Clq levels are also
decreased.

Evidence-Based Medicine

GuH, Li L, Gu M, Zhang G. Association between Helicobacter pylori infection and
chronic urticaria: a meta-analysis. Gastroenterol Res Pract. 2015; 86974.

Systematic GRADE review of existing studies looking at antibiotic therapy tar-
geted at Helicobacter pylori for the treatment of chronic spontaneous urticaria.

Urgert MC, van den Elzen MT, Knulst AC, Fedorowicz Z, van Zuuren
EJ. Omalizumab in patients with chronic spontaneous urticaria: a systematic review
and GRADE assessment. Br J Dermatol. 18 Apr 2015. doi:10.1111/bjd.13845.

Very recent review of randomized clinical trials of omalizumab in chronic spon-
taneous urticarial.

Trevisonno J, Balrma B, Netchiporouk E, Ben-Shoshan M. Physical urticaria:
review on classification, triggers and management with special focus on prevalence
including a meta-analysis. Postgrad Med. 2015;10:1.

Recent review dealing with all aspects of chronic inducible urticaria.

Wedi B, Wieczorek D, Raap U, Kapp A. Urticaria. J Dtsch Dermatol Ges.
2014;12:997.

This paper includes all aspects of urticaria: subtypes, diagnosis, management,
and treatment.

Wedi B. Successful treatment of the different urticarial subtypes. Curr Derm
Rep. 2015;4:71.

Recent summary focusing on the treatment of different urticarial subtypes.
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Zuberbier T, Aberer W, Asero R, Bindslev-Jensen C, Brzoza Z, Canonica GW,
et al. The EAACI/GA(2) LEN/EDF/WAO guideline for the definition, classifica-
tion, diagnosis, and management of urticaria: the 2013 revision and update. Allergy.
2014;69:868.

Current international urticaria guidelines, including an update of the treatment
algorithm for chronic spontaneous urticaria.

Zuberbier T, Aberer W, Asero R, Bindslev-Jensen C, Brzoza Z, Canonica GW,
et al. Methods report on the development of the 2013 revision and update of the
EAACI/GA2 LEN/EDF/WAO guideline for the definition, classification, diagnosis,
and management of urticaria. Allergy. 2014;69:el.

Detailed method report describing all GRADE questions, the discussion, and the
voting results.
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Chapter 12
Atopic Dermatitis

Satoshi Yoshida

Atopic dermatitis (AD) is a chronic inflammatory skin disease characterized by pru-
ritic skin lesions, disrupted skin barrier function, dysregulation of the immune sys-
tem, and allergic reactions to food and environmental allergens. The first cases of
AD in the United States were identified in 1947. AD generally presents in early
childhood as often familial onset. Scratching at the area of pruritus leads to redness,
cracking, scaling, and potential superinfection of the skin. Most patients with AD
have a personal or family history of atopy (allergic rhinitis, allergic conjunctivitis,
AD, or asthma). The word “atopy” can be defined as a hypersensitivity of skin and
mucous membranes against environmental substances, associated with increased
immunoglobulin E (IgE) production and/or altered nonspecific reactivity in differ-
ent organ systems, for example, skin in the case of AD and lung in the case of
asthma. It is a chronic, highly pruritic, inflammatory skin disease frequently seen in
patients with a history of respiratory allergy and allergic rhinitis. The prevalence of
AD in children has been steadily increasing since 1920s and that it now affects more
than 10 % of children at some point during their childhood. The term atopic derma-
titis was first introduced in 1933 in recognition of the close association between AD
and respiratory allergy. However, there has been considerable debate over whether
AD is primarily an allergen-induced disease or simply an inflammatory skin disor-
der found in association with respiratory allergy. Recent studies, however, suggest
that the mechanisms underlying asthma and AD have greater similarities than differ-
ences. AD is a common, potentially debilitating condition that can compromise
quality of life. Its most frequent symptom is pruritus. Attempts to relieve the itch by
scratching simply worsen the rash, creating a vicious circle. Treatment should be
directed at limiting itching, repairing the skin, and decreasing inflammation when
necessary. Lubricants, antihistamines, and topical corticosteroids are the mainstays
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of therapy. When required, oral corticosteroids can be used. If pruritus does not
respond to treatment, other diagnoses, such as bacterial overgrowth or viral infec-
tions, should be considered. Treatment options are available for refractory atopic
dermatitis, but these measures should be reserved for use in unique situations and
typically require consultation with a dermatologist or an allergist. Allergic reactions
play a role in some patients but not necessarily in all. In many patients different fac-
tors such as a disturbance of skin function, infection, and mental and/or physical
stresses are potentially more relevant. Immunologic disturbances are reflected in the
elevated IgE production and T-cell dysregulation observed in AD. Nonspecific
altered reactivity is reflected in increased releasability of chemical mediator secret-
ing cells and bronchial, nasal, and skin hyperreactivity. Each disease that forms the
atopic triad has important immunologic parallels. However, they involve a different
regional sphere of immunologic influence, for example, the skin-associated lym-
phoid tissue in AD as opposed to bronchial-associated lymphoid tissue in asthma.

Pathogenesis

AD is a condition that requires interplay from several factors to explain its patho-
genesis. Defects in epidermal barriers, dysregulation of various types of immune
responses, genetic polymorphisms, and environmental factors have been impli-
cated in the pathogenesis of the disease. The current review will examine the cel-
lular and immunologic mechanisms underlying AD as well as the potential role of
microbial superantigens in the pathogenesis of AD. An understanding of the rela-
tive contributions of allergens, IgE, T cells with skin-homing capability, Langerhans
cells, keratinocytes, eosinophils, and mast cells to the inflammatory process in AD
may lead to improved treatments for this potentially debilitating disease. The con-
cept that AD has an immunologic basis is supported by the observation that patients
with primary T-cell immunodeficiency disorders frequently have elevated serum
IgE levels, eosinophilia, and eczematoid skin lesions indistinguishable from
AD. Laboratory observations suggest an underlying immunoregulatory abnormal-
ity in AD (Table 12.1). IgE plays pivotal roles in pathogenesis of AD (Table 12.2).
There have also been a number of studies demonstrating increased frequency of
allergen-specific T cells producing increased IL-4 and IL-5 but little IFN-gamma in
the peripheral blood and skin lesions of patients with AD. It should be pointed out,
however, that the majority of allergen-specific T-cell clones are THO-type cells with
the potential for development into either TH1 or TH2 cells after they have infil-
trated into the skin. The above data support an important role for TH2 cell develop-
ment early in the atopic skin process. The ability of THO cells to develop into the
TH1 or TH2 pathway is dependent on a number of determinants including the
cytokine milieu in which T-cell development is taking place, the host’s genetic
background, the pharmacologic factors, and the costimulatory signals used during
T-cell activation (Table 12.3). There is supportive data for each of these determi-
nants in AD.
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Table 12.1 Peripheral blood findings in atopic dermatitis

Increased IgE levels

Eosinophilia

Increased basophil spontaneous histamine release
Decreased CD8 suppressor/cytotoxic number and function
Increased expression of CD23 on mononuclear cells

Chronic macrophage activation with increased secretion of GM-CSF, prostaglandin E2,
and IL-10

Expansion of IL-4 and IL-5 secreting TH2-type cells
Decreased numbers of IFN-gamma secreting TH1-type cells
Increased serum sIL-2 receptor levels

Increased serum eosinophil cationic protein levels

Increased soluble E-selectin levels

Increased soluble vascular cell adhesion molecule-1 levels
Increased soluble intercellular adhesion molecule-1 levels

Table 12.2  Multifunctional IgE-dependent late-phase skin reaction

role for IgE in atopic Allergen presentation by IgE-bearing Langerhans cells

dermatitis . A .
Allergen-induced activation of IgE-bearing macrophages
IgG/IgM antibodies to IgE
IgE autoreactivity to human proteins

Table 12.3 Factors Genetic background (e.g., IL-4 promoter polymorphism)

contributing to the

development of TH2 cells Cytokine milieu in which antigen presentation takes place

(i.e., IL-4)
Antigen-presenting cell (e.g., Langerhans cells)
Nature of antigen (e.g., allergens vs parasites)

T/B cell costimulatory signals (i.e., CD28/B7.2) (CD86)
interactions

Pharmacologic factors (i.e., prostaglandin E2, cAMP
phosphodiesterase activity)

Defective Epidermal Barrier

The epidermis has four layers. The outermost layer, called the stratum corneum,
serves as a barrier to decrease water evaporation and penetration of exogenous
allergens and microbes. The stratum corneum is composed of cells that have keratin
proteins and structural components, such as ceramides, filaggrin, and lipids.
Filaggrin protein (FLG) plays a crucial role in maintaining the structure of the epi-
dermis by aggregating keratin filaments to form a cytoskeleton in epidermal cells.
FLG is released from keratohyalin F granules as an inactive form and is converted
to an active form by proteolysis and dephosphorylation. Studies have found that
mutations in the FLG gene, specifically R501X and 2282del4, can induce a decrease
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of natural moisturizing factors, including sodium pyrrolidone carboxylic acid, uro-
canic acid, and lipoprotein components, especially ceramides. A meta-analysis of
these nonsense mutations has confirmed that these mutations represent the most
compelling genetic risk for AD. The alteration of the epidermal structure from this
protein mutation leads to transepidermal water loss and evaporation, resulting in
dry skin and itching. Apart from FLG, a decrease of SPINKS gene expression,
which encodes Kazal-type 5 serine protease inhibitor, can increase cleavage of
intercellular attachments in the stratum corneum and can compromise barrier func-
tion. In addition, De Benedetto et al. reported that decreased expression of epider-
mal claudin-1, a transmembrane protein component of tight junctions, can cause an
impairment in tight junctions, which leads to skin barrier dysfunction in patients
with AD.

Dysregulation of Cutaneous Immune Response

Thymic stromal lymphopoietin (TSLP) plays an important role in AD. TSLP
expression in keratinocytes is induced by mechanical injury and stimulation of
Toll-like receptors 2, 5, and 6. TSLP activates dendritic cells. This leads to prolif-
eration of CD4 T cells, which then differentiate into T-helper cell type (TH) 2.
Next, inflammatory cytokines, such as interleukin (IL)-4, IL-5, and IL-13, are pro-
duced and released. Furthermore, TSLP stimulates mast cells, basophils, and
eosinophils, which play a crucial role in cutaneous inflammation. It has been
shown that scratching can induce TSLP expression and aggravate the course of
AD, resulting in a vicious cycle of itching, scratching, TSLP expression, and TH2
upregulation. Furthermore, TH2 cells produce IL-31, which provokes pruritus.
TH17 cells, which can produce IL-17 and IL-22, also are involved in AD patho-
genesis. TH17 cells are normally found in acutely inflamed skin lesions. An
increase in the number of TH17 cells correlates with the severity of AD. In a
mouse model, FLG deficiency led to TH17-dominated skin inflammation. In addi-
tion, IL-22 induces epidermal hyperplasia that can lead to epidermal acanthosis in
the chronic stages of AD.

Immunohistology

The histologic features of AD depend on the acuity of the skin lesion. Uninvolved
or clinically normal-appearing skin of patients with AD is histologically abnormal
and demonstrates mild hyperkeratosis and a sparse perivascular cellular infiltrate
consisting primarily of T lymphocytes. Acute lesions are characterized by marked
intercellular edema (spongiosis) of the epidermis and a sparse epidermal infiltrate
consisting primarily of T lymphocytes. In the dermis, there is a marked perivenular
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inflammatory cell infiltrate consisting predominantly of T lymphocytes and occa-
sional monocyte/macrophages. Essentially all T cells infiltrating into the skin lesion
express high levels of cutaneous lymphocyte antigen (CLA), which functions as a
skin-homing receptor for T lymphocytes. Eosinophils, basophils, and neutrophils
are rarely present in the acute lesion. Mast cells, in various stages of degranulation,
are present in normal numbers. In chronic lichenified lesions, the epidermis is
hyperplastic with elongation of the rete ridges, prominent hyperkeratosis, and mini-
mal spongiosis. There is an increased number of IgE-bearing Langerhans cells in
the epidermis, and macrophages dominate the dermal mononuclear cell infiltrate.
The number of mast cells are increased in number but are generally fully granulated.
Increased numbers of eosinophils are observed in chronic AD skin lesions. Although
the role of eosinophils in the pathogenesis of AD is not completely understood, it is
thought to contribute to tissue injury in AD through the production of reactive oxy-
gen intermediates and release of cytotoxic granules.

Cutaneous Infections: Role for Superantigens

Aside from food and inhalant allergens, fungal and bacterial skin infections exacer-
bate AD. Viral infections include herpes simplex, vaccinia, warts, molluscum con-
tagiosum, and papilloma virus. The most common viral infection is herpes simplex,
which tends to spread locally or can become generalized. Superficial fungal infec-
tions also appear to occur more frequently in atopic individuals. Recurrence of
dermatophyte infections has occasionally been documented to coincide with flaring
of AD. Recently there has been considerable interest in Malassezia furfur, also
known as Pityrosporum ovale or Pityrosporum orbiculare, as a pathogen in AD.
M. furfur is a lipophilic yeast commonly present in the seborrheic areas of the skin.
IgE antibodies against M. furfur is commonly found in patients with AD and most
frequently in patients with head and neck dermatitis but rarely outside of AD. The
greatest attention has focused on the contribution of Staphylococcus aureus coloni-
zation and infection to the severity of AD. S. aureus is found in more than 90 % of
AD skin lesions. In contrast, only 5 % of normal subjects harbor this organism and
its localization is mainly in the nose and intertriginous areas. The importance of
S. aureus in AD is supported by the observation that not only patients with impetigi-
nized AD but also patients with AD without superinfection show clinical response
to combined treatment with anti-staphylococcal antibiotics and topical corticoste-
roids. Recent studies suggest that one strategy by which S. aureus exacerbates or
maintains skin inflammation in AD is by secreting a group of toxins known to act
as superantigens, which stimulate marked activation of T cells and macrophages
(Tables 12.4 and 12.5). Several lines of investigation concluded that superantigens
may induce an atopic process in the skin. It is therefore of interest that superanti-
gens have recently been demonstrated to induce T-cell expression of the skin-homing
receptor through stimulation of IL-12 production. In the case of AD, it has been
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Table 12.4 Evidence for role of staphylococcal superantigens in atopic dermatitis

Majority of Staphylococcus aureus isolates secrete superantigens

Majority of patients with AD produce IgE antibodies to superantigens

AD severity correlates with presence of IgE antibodies to superantigens

Superantigens augment allergen-induced skin inflammation

Superantigens induce dermatitis on application to skin by patch testing

Chronic eczema develops in patients recovering from toxic shock syndrome
Superantigens induce the cutaneous lymphocyte antigen skin-homing receptor on T cells

Peripheral blood mononuclear cell from AD, as compared with normal control subjects, have
higher proliferative responses to superantigens

Superantigens induce corticosteroid resistance

Treatment with a combination of anti-staphylococcal antibiotics and topical corticosteroids is
more effective than using either medication alone

Table 12.5 Optimal bathing and moisturizing for severe dermatitis or during flares

Bathing

Tub bath for severe flaring or for very dry skin; bathe twice daily for 20 min (until fingertips
wrinkle), using lukewarm water only wet compresses if bathing is painful or for nighttime itch
control shower, acceptable when skin is under good control or when flare is mild

Avoid washcloths, rubbing, scrubbing, or overuse of soap. After bathing, dry off only partially
by patting with a towel—do not rub

While some water is still on the skin, within 3 min and before leaving the bathroom: apply
steroid ointment/cream to red, itchy areas; apply moisturizer (not lotions) to other areas

Moisturizing should be repeated as often as necessary to keep skin soft throughout the day

proposed that staphylococcal superantigens secreted at the skin surface could pen-
etrate inflamed skin and stimulate epidermal macrophages or Langerhans cells to
produce IL-1, TNF, and IL-12. These mechanisms would tend to markedly amplify
the initial cutaneous inflammation in AD and perhaps also create conditions favor-
ing staphylococcal skin colonization. Peripheral blood mononuclear cell from chil-
dren with AD have been reported to have a significantly higher proliferative
responses to both S. aureus and Staphylococcal enterotoxin B as well as diminished
production of IFN-gamma in response to S. aureus and Staphylococcal enterotoxin
B. In contrast, peripheral blood mononuclear cell from children with AD were more
likely to produce IL-4 in response to S. aureus. Impaired IFN-gamma production to
S. aureus in vivo may result in failure to eradicate this organism from the skin.
Persistence on the skin could contribute to inflammation by causing continued
T-cell activation, release of proinflammatory mediators, and corticosteroid resis-
tance. Furthermore, by eliciting an IgE response, staphylococcal toxins could exac-
erbate AD by activating mast cells, basophils, or other Fc receptor-bearing cells. It
should be noted that other staphylococcal proteins/toxins such as protein A and
alpha-toxin could also participate in the induction of skin inflammation by releas-
ing TNF-alpha from epidermal keratinocytes or direct cytotoxic effects on skin
keratinocytes.
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The Diagnosis

Atopy is universally recognized as a complex genotypic diathesis that manifests a
syndrome of immunologic aberrations. It would indeed be an oxymoron to make the
diagnosis of AD without establishing atopy in the personal or family history and
examination. A history of atopy is best obtained by specifically asking for the rec-
ognized clinical signs and symptoms of the atopic triad and not by the confusing
question: “Are you allergic?” In 1980 Hanifin and Rajka published diagnostic crite-
ria for AD that have become universally accepted as the standard for the diagnosis
of that clinical entity. The diagnosis of AD can only be made by the presence of
three essential criteria (each of which is included in the Hanifin and Rajka major
and minor features of AD): personal or (first-degree) family history of atopy, pruri-
tus, and eczema. Since then, significant progress in our understanding of AD, both
on the clinical level and immunopathogenetic level, compels us to consider a reex-
amination of those original criteria. The discordance is often eloquently supported
by the clinical observations of well-reputed “proallergic” investigators and skeptics.
However, most of the controversy seems to be the result of one’s interpretation of
the indistinctive designation “allergy,” which is defined as “an altered state of
immune reactivity,” but the term is still, almost exclusively, associated with what
most physicians recognize as “immediate” or type I (IgE/mast cell) hypersensitivity
instead of the full gamut of immunologic phenomena. As Leung so clearly reports,
“an understanding of the immunologic basis of AD is likely to have important clini-
cal implications in our approach to the diagnosis and management of AD” (see
Table 12.1). Pruritus must be considered a quintessential feature of AD; pruritus is
variable, fluctuating from mild to extremely intense. The itch of AD should be
regarded as more than merely the result of a “lowered threshold.” That common
dermatologic dictum that “AD is an itch that erupts, rather than an eruption that
itches” is not accurate. AD is an itch that when scratched erupts. If the atopic
patient’s itch is not rubbed or scratched, the skin (when provoked) may get red
(vasodilate), but no eczema appears until it is traumatized. This can be described as
an isomorphic response, or Koebner phenomenon, commonly noted in psoriasis and
other skin conditions. An erythema caused by certain histamine-releasing or vaso-
dilatory foods (i.e., alcohol, spices) is a more common trigger of pruritus than the
IgE-mediated reaction. Because the former is nonimmunologic, it is dose related
and is not dependent on prior sensitization. Many patients with AD benefit from
avoiding the flushing foods that trigger rosacea (i.e., hot and spicy foods; hot drinks
[including hot cider, hot chocolate, coffee, or tea]; soy and vinegars). The clinical
implication of recognizing the many triggers of itch suggests that the pharmaco-
logic mediator causing the pruritus may be different for each trigger. Despite the
fact that histamine is the most abundant pruritogenic mediator in our body, its role
as the major causation of itch in the patient with atopy remains questionable.
Pruritus is the basic bane of atopic individuals. Although immunomodulators may
offer symptomatic relief for some patients with AD, the ultimate goal of manage-
ment for the patient with AD is the identification and avoidance of all the triggers of
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the pruritus. Eczema is a nonspecific term often confounding the clinical and histo-
pathologic description of various unrelated inflammatory diseases. The eczemas
include such disparate diseases as allergic contact dermatitis, AD (which may
include nummular eczema, dyshidrotic eczema, and eyelid dermatitis), pityriasis
rosea, lichen simplex chronicus, and seborrheic dermatitis. These eczemas do not
all have clinical and histologic features in common. What is more, the clinical mor-
phologic condition of each entity can undergo evolutionary changes, proceeding
through three distinct stages, namely, acute, subacute, and chronic. The eczema of
AD, we must remember, is the isomorphic response of scratching the itchy, atopic
skin, and the clinical morphologic condition (oozy and/or vesicular and/or scaly
and/or crusted and/or lichenified) is inherently never stationery and is constantly
undergoing an evolutionary process (i.e., acute, subacute, and chronic).

Differential Diagnosis

We have to rule out some kinds of skin diseases as follows: infant seborrheic eczema,
infant xerantic eczema, congenital ichthyosis including sex-linked recessive ichthy-
osis caused by steroid sulfatase deficiency, bullous congenital ichthyosiform eryth-
roderma, scabies, pediatric dermatomyositis, mycosis fungoides (skin malignant
lymphoma), Pautrier’s microabscess, photocontact dermatitis, contact dermatitis,
chronic actinic dermatitis, and dermatitis due to Cryptomeria (cedar) pollen.

Complications

We have to pay attention to common complications as follows: Kaposi varicelli-
form, streptococcal impetigo, body trichophytosis, atopic alopecia, systemic lupus
erythematosus, syphilis, and thyroid diseases.

The Treatment

Education of patients and families is one of the most effective treatments for
AD. Information about avoidance of irritants and allergens is important in prevent-
ing AD exacerbations. In addition, written eczema action plans may be beneficial by
enabling eczema self-management by reminding patients and caregivers of mainte-
nance regimens and additional therapies to incorporate during flares. The American
Academy of Dermatology and Joint Council of Allergy, Asthma, and Immunology
(American Academy of Allergy, Asthma, and Immunology (AAAAI) and American
College of Allergy, Asthma, and Immunology (ACAAI)) published the guideline of
care for AD. The treatment of AD consists of five pivotal structures. A 2012 updated
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practice parameter discusses a stepwise approach based on severity, including aller-
gen and irritant avoidance, skin barrier repair, and use of anti-inflammatory and
antimicrobial agents. However, AD that is difficult to control can still be a therapeu-
tic challenge. There are different proven AD therapies. Topical steroids and calci-
neurin inhibitors are preferred in the treatment of severe AD. In addition, systemic
anti-inflammatory treatment, allergen-specific immunotherapy, and phototherapy
are options for management of refractory AD cases. In rare cases, hospitalization
might be needed to temporarily decrease exposure to environmental triggers while
initiating intensive patient education, further diagnostic testing, and administration
of antibiotics, among other aggressive treatments. Outpatient therapy also can
include the use of bleach baths, vitamin D supplementation, and immunomodula-
tory and biologic therapies (see Tables 12.6 and 12.7):

— Avoidance of allergens
That is, RAST. and/or skin test strongly positive of allergens should be avoided.

— Skin care
That is, skin hydration, moisturizers, phototherapy, and others

— Avoidance of irritants/treatment for pruritus and deterrent to skin scratching
That is, antihistaminic agents

— Antiallergic inflammation
That is, topical corticosteroids, topical calcineurin inhibitors, and other antial-
lergic therapies

— Exclusion of exacerbation factors
That is, appropriate skin care and avoidance of subclinical infections

Major impediments to effective management of AD are (1) ambivalence relating
to skin care versus allergy as the management priority, (2) uncertainty about bathing
and moisturizing, and (3) hesitation about adequate topical corticosteroid therapy.
At the initial assessment, an atopic dermatitis evaluation form focuses on history
and physical features essential to diagnosis and provides a review of trigger factors
and past therapies:

1. Age of onset and clinical course of disease
2. Personal and family history of atopic conditions
3. Trigger factors

(a) Infections

(b) Bathing/moisturizing errors
(c) Irritant exposure

(d) Heat/sweating

(e) Emotional stress

(f) Allergic diseases

4. Review of past and current therapy
5. Physical features
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Table 12.6 Potency chart of topical corticosteroids

Brand name (®)

[Class 1 — superpotent]

Clobex Lotion, 0.05 %

Cormax Cream/Solution, 0.05 %
Diprolene Gel/Ointment, 0.05 %
Olux Foam, 0.05 %

Psorcon Ointment, 0.05 %
Temovate Cream/Ointment/Solution, 0.05 %
Ultravate Cream/Ointment, 0.05 %
[Class 2 — potent]

Cyclocort Ointment, 0.1 %
Diprolene Cream AF, 0.05 %
Diprosone Ointment, 0.05 %
Elocon Ointment, 0.1 %

Florone Ointment, 0.05 %

Halog Ointment/Cream, 0.1 %
Lidex Cream/Gel/Ointment, 0.05 %
Maxiflor Ointment, 0.05 %
Maxivate Ointment, 0.05 %
Psorcon Cream 0.05 %

Topicort Cream/Ointment, 0.25 %
Topicort Gel, 0.05 %

[Class 3 — upper mid-strength]
Aristocort A Ointment, 0.1 %
Cutivate Ointment, 0.005 %
Cyclocort Cream/Lotion, 0.1 %
Diprosone Cream, 0.05 %
Florone Cream, 0.05 %

Lidex-E Cream, 0.05 %

Luxiq Foam, 0.12 %

Maxiflor Cream, 0.05 %
Maxivate Cream/Lotion, 0.05 %
Topicort Cream, 0.05 %

Valisone Ointment, 0.1 %

[Class 4 — mid-strength]
Atristocort Cream, 0.1 %

Cordran Ointment, 0.05 %
Derma-Smoothe/FS Oil, 0.01 %
Elocon Cream, 0.1 %

Kenalog Cream/Ointment/Spray, 0.1 %
Synalar Ointment, 0.025 %
Uticort Gel, 0.025 %

Westcort Ointment, 0.2 %

Generic name

Clobetasol propionate
Clobetasol propionate
Betamethasone dipropionate
Clobetasol propionate
Diflorasone diacetate
Clobetasol propionate
Halobetasol propionate

Amcinonide

Betamethasone dipropionate
Betamethasone dipropionate
Mometasone furoate
Diflorasone diacetate
Halcinonide

Fluocinonide

Diflorasone diacetate
Betamethasone dipropionate
Diflorasone diacetate
Desoximetasone
Desoximetasone

Triamcinolone acetonide
Fluticasone propionate
Amcinonide

Betamethasone dipropionate
Diflorasone diacetate
Fluocinonide
Betamethasone valerate
Diflorasone diacetate
Betamethasone dipropionate
Desoximetasone
Betamethasone valerate

Triamcinolone acetonide
Flurandrenolide
Fluocinolone acetonide
Mometasone furoate
Triamcinolone acetonide
Fluocinolone acetonide
Betamethasone benzoate
Hydrocortisone valerate

S. Yoshida



12 Atopic Dermatitis

Table 12.6 (continued)

Brand name (®)

[Class 5 — lower mid-strength]
Cordran Cream/Lotion/Tape, 0.05 %
Cutivate Cream, 0.05 %
Dermatop Cream, 0.1 %
DesOwen Ointment, 0.05 %
Diprosone Lotion, 0.05 %
Kenalog Lotion, 0.1 %

Locoid Cream, 0.1 %

Pandel Cream 0.1 %

Synalar Cream, 0.025 %

Uticort Cream/Lotion, 0.025 %
Valisone Cream/Ointment, 0.1 %
Westcort Cream, 0.2 %

[Class 6 — mild]

Aclovate Cream/Ointment, 0.05 %
DesOwen Cream, 0.05 %
Synalar Cream/Solution, 0.01 %
Tridesilon Cream, 0.05 %
Valisone Lotion, 0.1 %

[Class 7 — Least potent]
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Generic name

Flurandrenolide
Fluticasone propionate
Prednicarbate

Desonide

Betamethasone dipropionate
Triamcinolone acetonide
Hydrocortisone butyrate
Hydrocortisone probutate
Fluocinolone acetonide
Betamethasone benzoate
Betamethasone valerate
Hydrocortisone valerate

Alclometasone dipropionate
Desonide

Fluocinolone acetonide
Desonide

Betamethasone valerate

Topicals with hydrocortisone, dexamethasone, methylprednisolone, and prednisolone

The following potency chart categorizes brand-name topical steroid medications along with the
name of the corresponding generic drug. The list positions these medications according to their
potency. The list may not be comprehensive

During and after this assessment, we highlight with the patient/parent the steps
needed for successful prevention, management, and therapy. Patients can quickly be
taught increased awareness of (1) signs of infection with staphylococcal and herpes
simplex infection along with the need to request antibiotic or antiviral medications; (2)
irritating skin care products, clothing (such as wool or rough and occlusive fabrics),
hobbies, habits (such as excessive handwashing), and job exposures; (3) the pruritus
produced by overheating from excessive ambient temperatures and physical activity
and clothing or bedding that are too warm; (4) stressful situations that cause anger and
frustration that in turn cause increased pruritus; and (5) allergens that cause real symp-
toms (in contrast to the often myriad of positive skin tests and RAST reports), whether
from foods, airborne sources, or chemicals that have contact with the skin.

Skin Hydration and Moisturizers

Atopic skin shows enhanced transepidermal water loss associated with impaired
function of the water permeability barrier. The latter is formed by intercellular lipid
lamellae found between the horny cells of stratum corneum. Both epidermal
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Table 12.7 Treatments, actions, and adverse effects for atopic dermatitis

Treatment

Emollient,
moisturizers, and
help repair defective
skin barrier

Avoidance of
triggers

Topical
corticosteroids

Topical calcineurin
inhibitors
Vitamin D

Antihistamines

Bleach bath

Topical or systemic
antibiotic
Immunomodulation
agents

Systemic
corticosteroids

Azathioprine

Cyclosporin A

Mycophenolate

Methotrexate

Alitretinoin

Interferon-y

Action
Moisturizes dry skin

Prevents known allergic reactions

Anti-inflammatory response

Anti-inflammatory response,
proactive treatment (tacrolimus)

Improves cathelicidin production

Sedating effect aids in sleeping,

decreases nighttime scratching, and

skin excoriation

Decreases microbial load on skin
with atopic dermatitis, especially
Staphylococcus aureus

Treats cutaneous bacterial, fungal, or

viral infection

Anti-inflammatory response

Inhibits purine biosynthesis with
anti-inflammatory activity
Suppresses inflammatory cytokine
gene transcription in T cells

Inhibits purine biosynthesis with
immunosuppressive activity

Inhibits purine and pyrimidine
synthesis

Binds to retinoid and rexinoid
receptors with anti-inflammatory
activity

Downregulates TH2 function

Common adverse effect
No significant side effect

Striae and atrophy of the skin,
rosacea, suppression of
hypothalamic—pituitary—adrenal
axis

Burning sensation of skin, facial
flushing, itching
Hypercalcemia, nausea,
vomiting

Drowsiness, dizziness

No significant side effect

Depends on each drug’s adverse
effect

Abdominal discomfort,
increased risk of infection,
suppression of hypothalamic—
pituitary—adrenal axis
Myelosuppression, elevated
liver enzyme

Abdominal discomfort,
hypertension,
hyperbilirubinemia, renal
impairment

Gastrointestinal symptoms
(nausea, diarrhea), leukopenia,
thrombopenia

Nausea, elevated liver enzyme
level

Headache, elevated TSH, and
serum lipid level

Influenza-like symptoms
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Table 12.7 (continued)

Treatment Action Common adverse effect

Phototherapy Anti-inflammatory response through | Short term, skin erythema, pain,
inhibition of Langerhans cells of pruritus, pigmentation; long
cytokine production; antimicrobial term, premature skin aging and

effects by decreasing colonization by | cutaneous malignancy
Staphylococcus aureus

Narrow-band

UV-B (peak

331-313 nm)

Broadband UV-B
(peak
280-320 nm)

UVALI (peak
340-400 nm)

Allergen Induces apoptosis/anergy of T cells Transient increase in serum IgE
immunotherapy and induces immune-regulatory levels, transient eczema flares,
responses and immune deviation increased risk for anaphylaxis
toward TH1 reaction, or transient
exacerbation of underlying
atopic disease

TH T-helper cell type, TSH thyroid-stimulating hormone

hydration and skin surface lipids were reduced, referring to an abnormality of the
hydrolipid film. Hydration of the skin is best accomplished through soaking baths.
Bathing might also reduce colonization by S. aureus. To prevent evaporative effects,
which are damaging to the skin barrier, patients need to apply medication or mois-
turizer immediately after bathing or wetting their skin. Use of moisturizers together
with hydration might help reestablish and preserve the stratum corneum barrier.
Daily moisturizer therapy can also increase high-frequency conductance, a param-
eter for the hydration state of the skin surface. This allows for ranking the efficacy
of moisturizers according to the duration of effects or the magnitude of increase in
the hydration level of the stratum corneum. The urea treatment significantly
increased skin capacitance, indicating increased skin hydration. The water barrier
function, reflected by transepidermal water loss values, improved, whereas skin
susceptibility to sodium lauryl sulfate was significantly reduced. Thus, certain
moisturizers could improve skin barrier function and reduce susceptibility to irri-
tants. Adding a moisturizer to a low-potency topical corticosteroid has also been
shown to improve clinical parameters in patients with AD. Moisturizers decrease
the need for topical corticosteroids. Ceramide-dominant emollient is added to stan-
dard therapy in a group of children with “stubborn-to-recalcitrant”
AD. Transepidermal water loss decreased concomitantly, whereas stratum corneum
integrity and hydration status improved. In addition, ultrastructure of the stratum
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corneum revealed extracellular lamellar membranes, which were largely absent in
baseline samples. Errors in bathing and moisturizing are the major cause of persis-
tent AD. Physicians and patients have too long been stymied in their therapeutic
endeavors by two true but opposing facts about bathing. Bathing dries the skin:
Wetting followed by evaporation causes stratum corneum contraction and fissures,
impairing the epidermal barrier. On the other hand, bathing hydrates the skin:
Moisturizer is applied within 3 min to retain hydration, keeping the barrier soft and
flexible. Until this paradox is explained to the patient, there can be only confusion.
Although an infrequent bathing regimen may work for some people, daily bathing
is preferred because it cleanses and hydrates, it enhances penetration of corticoste-
roids, and people are more relaxed and comfortable when they bathe. A 20-min
soaking bath is optimal for hydrating the stratum corneum, although even a brief
shower helps. The choice of soap may not be very important, but, if patients are
concerned, we note that Dove® (Lever Brothers Co, New York, NY) and Olay
Sensitive Skin bars® (Procter & Gamble Co, Cincinnati, Ohio) have reduced irri-
tancy. The important issues are the “3-minute rule” (i.e., application of moisturizer
[or topical corticosteroid] within 3 min, before water evaporates) and the use of a
proper, unfragranced moisturizer, either ointment (e.g., petrolatum, Neutrogena
Hand Cream® [Neutrogena Corp, Los Angeles, Calif], Aquaphor® [Beiersdorf,
Inc, Norwalk, Conn], Albolene [Menley & James Laboratories, Inc, Horsham, Pa],
and Plastibase® [E.R. Squibb & Sons, Princeton, NJ]) or cream (e.g., Cetaphil
[Galderma Laboratories, Inc, Fort Worth, Tex],Vanicream [Pharmaceutical
Specialties, Inc, Rochester, NY], Acid Mantle® [Doak Dermatologics, Fairfield,
NJ], DML® [Person & Covey, Inc, Glendale, Calif], and Aveeno Moisture Cream®
[Rydelle Laboratories, Racine, Wis].

Avoidance of Irritancy

Patients with AD have a lowered threshold of irritant responsiveness and need to
avoid irritancy. In addition, patients with AD have an abnormal stratum corneum,
even in noninvolved skin, which contributes to diffusional water loss after applica-
tion of a topical irritant, confirming a functional abnormality. In addition, inflamma-
tory changes including spongiosis, perivenular mononuclear infiltrate, and activated
eosinophils can be seen, suggesting that nonspecific triggers might contribute to
chronic inflammation in AD. Because soaps and detergents are potential irritants,
patients are often advised to completely avoid them. However, cleansers might be
useful, especially in patients with frequent skin infections. In a double-blinded,
placebo-controlled study, use of an antimicrobial soap containing 1.5 % triclocarban
resulted in reduction in S. aureus colonization and significantly greater clinical
improvement. In addition, patients are often counseled to avoid swimming in chem-
ically treated pools, although such activity can in fact be beneficial to some patients.
Patients should be instructed to use a gentle cleanser to remove chlorine or bromine
and then apply a moisturizer. Environmental factors that can modulate the effect of
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irritancy include temperature, humidity, and texture of fabrics. Temperature in home
and work environments should be temperate with moderate humidity to minimize
sweating. Occlusive clothing should be avoided, and loose-fitting cotton or cotton
blend garments should be substituted to help with overheating. The most important
quality of clothing fabrics might be nonabrasiveness and breathability. Texture or
roughness, rather than whether a fabric was natural or synthetic, determined toler-
ability and skin irritancy.

Treatment for Pruritus and Deterrent to Skin Scratching

Appropriate use of antihistaminic agents is variable for the treatment of pruritus
and deterrent to skin scratching. The second-generation antihistaminic agents,
such as cetirizine, loratadine, and fexofenadine, are good to take daytime without
their uncomfortable side effects (i.e., drowsiness, malaise, and hydrodipsia).
However, they are not effective for the control of strong itching. In such cases, the
first-generation antihistaminic agents, such as diphenhydramine, chlorphenira-
mine, and hydroxyzine, are effective. The strongest drug for the treatment of pru-
ritus and deterrent to skin scratching is hydroxyzine. Despite that side effect of
drowsiness, the efficacy of control pruritus in patients with AD and restrain their
skin scratching is indispensable for the treatment of AD. Administration of
30-50 mg of diphenhydramine hydrochloride (Benadryl®, Belix®, or Banophen®
in the USA, Restamine® in Japan) three times a day or 25-50 mg of hydroxyzine
pamoate (Atarax-P®) before sleep for more than moderate AD patient is good to
restrain involuntary scratching of their skin. Especially, control of pruritus and
deterrent to skin scratching during sleep is so important for patients with AD
because unconscious skin scratching should potent exacerbation factor of AD. As
mentioned above, the first-generation antihistaminic agents have strong effect
with strong side effects; on the other hand, the second-generation antihistaminic
agents have mild effect with mild side effects. Olopatadine hydrochloride
(Patanol® in the USA, Allelock® in Japan) places in the middle rank of antihis-
taminic agents. Also, topical diphenhydramine ointment (Dermarest® in the
USA, Restamine® in Japan) is strongly effective for the control of pruritus with-
out major side effects. This ointment is usually used with topical corticosteroids
for the treatment of AD. Of course, we can use both drugs together. Some physi-
cians use topical diphenhydramine ointment and topical corticosteroids in the
daytime, whereas some administer 25-50 mg capsule of hydroxyzine before sleep
for the control of pruritus in the patients with AD. You should recognize that
deterrence of skin scratching is critical for the treatment of AD. We have to
administer these different drugs with the accurate understanding each character of
these drugs conform to each skin condition of patients with AD. Generally speak-
ing, so-called antiallergic agents without antihistaminic effect are thought to be
not effective neither for the control of pruritus nor for the deterrence of skin
scratching.
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Avoidance of Allergens

Food allergens have been shown to play a role in a subset of patients with AD, with
milk, egg, peanut, soy, wheat, and fish accounting for approximately 90 % of the foods
found to exacerbate AD. Removal of proven food allergens from the patient’s diet can
lead to significant clinical improvement. It is important for patients to avoid impli-
cated foods completely, because even small amounts of the food allergen can contrib-
ute to food-specific IgE synthesis. Following the natural history of food-related AD is
important because most patients will become tolerant to food allergens, even in the
face of positive skin test results. Although food challenges have generally been per-
formed to help define clinical allergy, more recently, specific IgE levels to several food
allergens by the Pharmacia Immuno-CAP system® (Pharmacia, Uppsala, Sweden)
have been shown to have predictive value in terms of clinical relevance. Serial mea-
surements with this assay have proved to be of value in following the natural history
of patients’ food allergies to help determine when a food could be reintroduced or
food challenge performed. The possibility of preventing AD through dietary manipu-
lation has been considered. Restricting the mother’s diet starting in the third trimester
of pregnancy and during lactation and the child’s diet during the first 2 years of life
resulted in decreased prevalence of AD in the prophylaxis group compared with a
control group at 12 months of age but not at 24 months. Follow-up at 7 years of age
showed no difference between the prophylaxis and control groups for AD or respira-
tory allergy. Breast-feeding did not affect the lifetime prevalence of AD in a large
ethnically and socially diverse group of children. In contrast, infants who were breast-
feeding exclusively for more than 6 months had a significantly lower prevalence of
eczema at | year and 3 years compared with infants who were breast-fed for less than
1 month or were intermittently breast-feeding. The benefits of breast-feeding infants
with AD have been described, although sensitization to allergens in the mother’s diet
transferred through breast milk is a potential problem for at-risk infants. The degree
of sensitization to aeroallergens has also been shown to be associated with the severity
of AD. In addition, patients with dust mite sensitivity likely need to avoid other trig-
gers that could contribute to chronic skin inflammation. The use of polyurethane-
coated cotton encasings compared with cotton encasings resulted in clinical benefit
even in patients not sensitized to house dust mite, suggesting that impermeable covers
could reduce exposure to other allergens as well as irritants or possibly even superan-
tigens. With respect to early dust mite allergen exposure, the authors of a placebo-
controlled trial of mite-impermeable covers reported an inverse correlation between
dust mite allergen exposure at 3 months of age and development of AD during the first
year of life, even after adjusting for potential confounders.

Avoidance of Exacerbating Factors

Severe/persistent AD patients have been affected by the plural exacerbating factors.
We have to identify those in each patient with AD; thereafter we have to try to
remove/avoid each exacerbating factor in each patient to improve clinical condition.
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Major exacerbating factors which are mentioned order the frequency by our inves-
tigation are as follows: shampoo or soap, hair treatment, inappropriate topical medi-
cine, subclinical infection (e.g., chronic tonsillitis, pyorrhea, paranasal sinusitis,
urinary tract infection), cosmetics, house dusts, ticks, folk remedies, pollens, bath-
ing habit, psychosocial factors, occupation, 4-hydroxybenzoate (paraben), and other
preservatives.

Probiotics

Perinatal administration of the probiotic Lactobacillus rhamnosus strain GG has been
shown to reduce the incidence of AD in at-risk children beyond infancy. Some differ-
ent studies showed that in not only infants but also children up to 13 years of age,
treatment with lactobacillus was beneficial in patients with AD and allergies.

Topical Corticosteroids

Since their introduction approximately 50 years ago, topical corticosteroids have
been the mainstay of treatment for AD, showing efficacy in both acute and chronic
disease. By acting on multiple resident and infiltrating cells, primarily through sup-
pression of inflammatory genes, they are effective in reducing inflammation and
pruritus. In addition, topical corticosteroids might have an effect on bacterial colo-
nization in AD, reducing the density of S. aureus. Topical corticosteroids are avail-
able in extremely high (class 1) to low (class 7) potencies (Table 12.6). Choice of
which topical corticosteroid preparation to prescribe will depend in large part on the
severity and distribution of eczematous lesions. Patients need to be informed about
the potency and potential side effects of their prescribed topical corticosteroid. In
general, using the least potent corticosteroid that is effective should be the rule. This
approach needs to be balanced by the possibility that initiation of therapy with a
topical corticosteroid that is too weak might result in persistence or worsening of
AD, which in turn can lead to decreased adherence with the treatment regimen. In
addition, patients might be prescribed a high-potency corticosteroid with instruc-
tions to discontinue it within 7-14 days without a plan to step down, resulting in
rebound flaring of their AD, similar to what is frequently seen after oral corticoste-
roids. Therapy-resistant lesions have been treated with potent topical corticoste-
roids under occlusion, although this approach needs to be used cautiously, primarily
for hand or foot eczema, to avoid systemic side effects. Prescribing topical cortico-
steroids in inadequate amounts can contribute to suboptimally controlled AD, espe-
cially in patients with widespread disease, because it takes approximately 30 g of
medication to cover the entire body of an average adult. In children, the fingertip
unit (FTU) is defined as the amount of topical medication extending from the tip to
the first joint on the palmar aspect of the index finger as a measure for applying topi-
cal corticosteroids. Approximately 1 FTU is needed to cover the hand or groin, 2
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FTUs for the face or foot, 3 FTUs for an arm, 6 FTUs for the leg, and 14 FTUs for
the trunk. Topical corticosteroids have typically been applied twice daily and using
them more frequently might increase side effects without significant clinical bene-
fits. Fluticasone propionate cream has been shown to be safe and effective in chil-
dren and infants with AD as young as 3 months of age even when applied on the
face and over significant body surface for up to 1 month. In addition, once daily
treatment has been shown to be effective for topical fluticasone propionate and
mometasone furoate, which might improve adherence with the treatment regimen.
In a different approach, a short course of a potent topical steroid applied for 3 days
was found to be equal in clinical efficacy to chronic use of a low-potency corticoste-
roid. Given the concern over side effects associated with chronic use, topical corti-
costeroids have not been considered appropriate for maintenance therapy especially
on normal-appearing skin in AD. However, several studies with fluticasone propio-
nate in patients as young as 3 months of age have shown that once control is achieved
with a once daily regimen, long-term control can be maintained with twice weekly
therapy. Of note, during the maintenance phase of the study, the corticosteroid prep-
aration was applied to areas that appeared to have healed, which resulted in delayed
relapses compared with placebo therapy. Patients with AD might not respond appro-
priately to topical corticosteroid therapy. Reasons for this might include ongoing
exposure to irritants or allergens, S. aureus superinfection, inadequate potency of
the steroid preparation, or insufficient amount dispensed. Other causes for apparent
treatment failure include steroid allergy and possibly corticosteroid insensitivity.
However, a much more practical reason for therapeutic failure with topical cortico-
steroids is nonadherence with the treatment regimen. A significant number of
patients or caregivers admit to nonadherence with topical corticosteroids because of
fear of adverse effects.

Topical Calcineurin Inhibitors

Topical corticosteroids have been the traditional mainstay of topical drug therapy
for AD because of broad immunosuppressant and anti-inflammatory effects.
However, topical steroids have been associated with adverse local effects such as
dermal atrophy, striae, telangiectasia, perioral dermatitis, acneiform eruptions, as
well as a risk of systemic effects such as hypothalamic—pituitary—adrenal axis sup-
pression. The development of nonsteroid topical immunosuppressants has been a
historic development in therapy of AD. Topical calcineurin inhibitors are an impor-
tant class of medications that have been shown to have clinical efficacy in AD, as
displayed in a broad set of clinical trials and in extensive clinical use. Topical calci-
neurin inhibitors were developed after the utility of systemic cyclosporin A, a potent
inhibitor of T cells, was noted in the treatment of eczematous dermatitis and psoria-
sis. Cyclosporin A had been used for prevention of organ transplant rejection after
solid organ transplants and as a systemic immunosuppressive for a broad set of
conditions. Cyclosporin A is not useful as a topical medication, presumably because
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of its large molecular size, which impedes its ability to penetrate skin. Its use orally
is associated with a risk of serious systemic effects, particularly renal toxicity.
Tacrolimus (Protopic®) is another potent immunosuppressant used to prevent graft
rejection. Tacrolimus, however, is active topically and has been shown to be effec-
tive for treatment of AD. It has been marketed by Asteras Inc. (Deerfield, I11) as
Protopic ointment (0.03% and 0.1 % for children 2 years of age and older and
adults, respectively). Pimecrolimus (Elidel®) is an ascomycin derivative with potent
calcineurin inhibition developed specifically to treat inflammatory skin conditions,
the result of a prospective screening of hundreds of compounds. Pimecrolimus is the
active agent of Elidel cream 1% (Novartis Pharmaceutical Corporation, East
Hanover, NJ), a formulation approved by the Food and Drug Administration for use
in patients 2 years of age or older with mild to moderate AD. Both tacrolimus and
pimecrolimus work through inhibition of phosphorylase activity of the calcium-
dependent serine/threonine phosphatase calcineurin and the dephosphorylation of
the nuclear factor of activated T-cell protein (NF-ATp), a transcription factor neces-
sary for the expression of inflammatory cytokines including IL-2, IL-4, and IL-5.
Also, they might inhibit the transcription and release of other T-cell derived cyto-
kines including IL-3, IFN-gamma, TNF-alpha, and GM-CSF, which can contribute
to allergic inflammation. The majority of the studies of topical pimecrolimus and
tacrolimus discussed above assessed efficacy of these medications as primary
monotherapy of AD, with topical or systemic steroids used as “rescue” for disease
flares. Clearly, new steroid-free topical agents might offer improved long-term man-
agement options for patients with AD. Evolution of topical therapy will likely
include combinations of topical anti-inflammatory agents including calcineurin
inhibitors and topical corticosteroids, although the optimal combination therapy has
yet to be defined. With evolving therapeutic options, guidelines for care of AD,
perhaps similar to those used for treatment of asthma, might prove useful and are
being developed.

Tacrolimus

Tacrolimus (FK 506) is a macrolide lactone isolated from Streptomyces tsuku-
baensis. Tacrolimus-binding receptors (the major ligand is FKBP12, also known as
macrophilin) have been found on a number of cells. Tacrolimus inhibits the activa-
tion of a number of key cells involved in AD including T cells, Langerhans’ cells,
mast cells, and keratinocytes. Tacrolimus 0.03 % and 0.1 % ointments have been
shown to be safe and effective in the treatment of children (older than 2 years of age)
and adults with AD. According to product labeling, less common adverse events
(less than 5 %) of varicella zoster infections (mostly chicken pox) and vesiculobul-
lous rashes were more common in patients treated with tacrolimus ointment 0.03 %
compared with vehicle during clinical trials. An average of 2.2 g of tacrolimus was
used per day. The outcome measure, a modified eczema and severity index score,
showed 61 % improvement from baseline after 3 months of treatment and 71 % of
baseline at 1 year. Pruritus decreased throughout the treatment course, and
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application site burning diminished within the first few days of tacrolimus use. In
other long-term studies, S. aureus colonization decreased during long-term therapy
with tacrolimus ointment, and cutaneous infection rates decreased with extended
use beyond 1 year.

Pimecrolimus

Unlike FK 506 and cyclosporin A, the ascomycin derivative pimecrolimus was
developed specifically to treat inflammatory skin conditions. Pimecrolimus binds to
FKBP/macrophilin and interferes with calcineurin action, apparently with preferen-
tial drug distribution to the skin. Topical pimecrolimus appears to be effective topi-
cally for AD with little systemic absorption in children and adults with AD. In one
study the systemic availability of topical pimecrolimus was measured in 22 infants
aged 3-23 months, with pimecrolimus 1 % cream applied twice daily for 3 weeks to
all affected areas including the face and neck. There was a wide range in body sur-
face area involvement, ranging from 10 % to 92 %. Pimecrolimus blood concentra-
tions were consistently low, with approximately one-third of the samples below the
assay limit of quantitation (0.1 ng/mL), 71 % were below 0.5 ng/mL, and fully 98 %
of the samples were below 2 ng/mL. Long-term pharmacokinetic studies with
repeated application of pimecrolimus did not significantly accumulate in the blood
and appeared to have minimal adverse systemic risks. The poor absorption of
pimecrolimus and absence of experience with the drug systemically have made it
difficult to interpret the low serum levels seen in topical use studies. However, the
pharmacokinetics of systemic pimecrolimus given orally have been studied in
patients with moderate to severe chronic plaque psoriasis as well as in healthy sub-
jects. In the psoriasis study, patients received pimecrolimus (5 mg every day to
30 mg twice a day) for 4 weeks. Blood concentrations reached steady state after
5-10 days, and drug exposure demonstrated linear dose dependency. No serious
adverse events or clinically significant changes in physical examination or laboratory
safety tests were reported in this study. Multiple clinical studies have demonstrated
the efficacy and safety of pimecrolimus 1 % cream in AD. A low rate of burning and
stinging was seen in pimecrolimus patients, lower, although not significantly, than
with vehicle cream. Although not approved by the Food and Drug Administration for
use in children younger than 2 years of age, multiple studies of pimecrolimus 1%
cream have been performed in this age group, showing excellent tolerance and effec-
tiveness. Long-term therapy with pimecrolimus 1 % cream for 6 months and 1 year
investigated whether the early treatment of the signs and symptoms of AD with
pimecrolimus could influence long-term outcome by preventing disease progression.
Patients received twice daily treatments of the study medication at the first signs of
AD for up to 12 months. Emollients and moderately potent topical steroids were
permitted for maintenance or if study medication was insufficient to treat flares. The
primary efficacy was the incidence of flares, and the need for topical corticosteroid
intervention was necessary. Eczema area and severity index and pruritus scores were
used to assess the efficacy of pimecrolimus in AD maintenance.
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Historically, combination therapies with different classes of drugs have been used
to maximize efficacy while managing the risk of adverse events. Combining a calci-
neurin inhibitor and corticosteroids should be no different in this regard. Using a
topical calcineurin inhibitor as a first-line pharmacologic agent for the treatment of
early signs and symptoms of AD, as opposed to treating only more severe exacerba-
tions, necessitates an excellent safety and tolerability profile to ensure practicability
and compliance. In this respect, neither skin atrophy nor hypothalamic—pituitary—
adrenal axis suppression has been observed with topical calcineurin inhibitors, mak-
ing them more suitable than topical steroids for frequent or prolonged use, especially
on larger body surfaces or on areas especially prone to atrophy with steroid use.
Building on the positive experience of combining pimecrolimus with steroids
sequentially and concomitantly once daily, an appealing treatment strategy would be
to use a topical calcineurin inhibitor twice daily and add a mid-potency steroid such
as fluticasone propionate or mometasone once daily. Data from several studies sug-
gest that using pimecrolimus as a first-line pharmacologic agent to treat early signs
and symptoms of AD prevents the progression to more severe exacerbations in
approximately 50 % of the cases, reducing the need for topical steroids. If, despite
such early intervention, the addition of a mid-potency steroid is warranted to treat
breakthrough flaring of AD, it can be used in short pulses, maximizing the benefit—
risk ratio and enhancing patient compliance.

Specialized Therapy

A broad array of therapies are used for AD. Although it is beyond the scope of this
review to address all of them comprehensively, phototherapy and systemic immuno-
modulatory agents are briefly discussed below.

Phototherapy

Broadband UV-B, broadband UV-A, narrow-band UV-B (311 nm), UV-A-1 (340-
400 nm), psoralen ultraviolet A-range (PUVA), and combined UV-A-B photother-
apy are useful adjuncts in the treatment of AD. These therapies are well established,
although relapse can occur after cessation of treatment. Most patients in a broad set
of studies experienced improvement in symptoms as well as reduction in topical
corticosteroid use. The photoimmunologic effects of UV-A phototherapy with and
without psoralen are presumably mediated through Langerhans’ cells and eosino-
phils, whereas UV-B’s immunosuppressive effects occur through blocking of
antigen-presenting Langerhans’ cells and altered keratinocyte cytokine production.
Photochemotherapy with PUVA might be indicated in patients with severe, wide-
spread AD. Studies comparing the different modes of phototherapy are limited.
Short-term adverse effects with phototherapy might include erythema, burns, pruri-
tus, and pigmentation. Long-term adverse effects include premature skin aging and
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cutaneous malignancies. Limited descriptive studies of extracorporeal photother-
apy with UV-A and methoxypsoralen have been reported, and this method is not
widely used.

Systemic Immunomodulatory Agents

A broad set of systemic immunomodulatory agents have been used for severe AD
refractory to topical therapies. There are extensive clinical use and clinical experi-
ence with systemic corticosteroids and cyclosporin A. Systemic glucocorticoids
such as oral prednisone are highly immunosuppressive but generally avoided in the
treatment of chronic AD because of systemic toxicities. Rarely, short courses of oral
glucocorticoids might be initiated for acute exacerbations of AD while other treat-
ment measures are being introduced. If used, intensive topical therapy should be
initiated during systemic treatment to prevent rebound flaring of AD. Cyclosporin
A is a potent immunosuppressive that works by inhibiting calcineurin. Multiple
studies have demonstrated that both children and adults with severe AD refractory
to conventional treatment can benefit from short-term cyclosporine treatment.
Various oral dosing regimens have been recommended; 5 mg/kg has generally been
used with success in short-term and long-term (1 year) use, whereas some authori-
ties have advocated body-weight independent daily dosing of adults with 150 mg
(low dose) or 300 mg (high dose) daily of cyclosporine microemulsion. Treatment
with cyclosporine has been associated with reduced skin disease and improved
quality of life. Discontinuation of treatment, however, generally results in rapid
relapse of skin disease. Possible side effects include elevated serum creatinine level,
renal impairment, or hypertension. Other systemic therapies include recombinant
human IFN-gamma, tacrolimus, and intravenous immunoglobulin. Antimetabolites
have been used for AD including mycophenolate mofetil, a purine biosynthesis
inhibitor used as an immunosuppressant in organ transplantation, methotrexate, and
azathioprine. These systemic agents all have significant risks of systemic toxicities,
requiring careful monitoring and restricting their use. Other systemic medications
such as leukotriene receptor antagonists have been suggested as useful, but they
have limited peer-reviewed evidence to support routine use. Oral pimecrolimus has
been used in clinical trials with some efficacy, although published data are limited.
Usefulness of new biologic agents such as infliximab and etanercept in AD is
unknown at present.

To assess the severity and extent of AD, several parameters have been used, such
as the eczema area and severity index, the Rajka—Langeland grading of severity of
atopic dermatitis, and the scoring of atopic dermatitis (SCORAD) designed and
produced by Pr J. F. Stalder, under the auspices of the European Task Force on
Atopic Dermatitis. SCORAD is a parameter widely used to assess disease severity
and determine whether treatment is effective. There are three major components in
SCORAD: (1) percentage of affected surface area; (2) intensity of eczema at
lesions, on a scale of 0-3, composed of erythema, edema, excoriations, oozing,
lichenification, and skin dryness; and (3) functional impact evaluated by a visual
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scale (0—10) composed of pruritus and sleep disturbance. The SCORAD is calcu-
lated using the formula A/5 + 7B/2 + C. SCORAD scores lower than 20, 2040,
and higher than 40 suggest mild, moderate, and severe AD, respectively. In details,
see reference 15 and visit the website of the European Task Force on Atopic
Dermatitis.

http://adserver.sante.univ-nantes.fr/Scorad.html

Future Perspective

Corticosteroids, calcineurin inhibitors, UV therapy, and the immunosuppressant
macrolides are all therapeutic agents that are likely to be effective in controlling
the complex inflammatory cascades of chronic AD. However, future studies are
needed to focus on strategies preventing the initial development of AD. Given the
central role of TH2 cytokines and chemokines in the development of allergic skin
inflammation, strategies directed at reducing TH2 responses and blocking the
action of chemokines by antagonists of CCR3 and CCR4 will be important. Further
studies are also needed to examine the potential role of IFN-gamma, IL-12, and
IL-18 in restoring the shift toward a more balanced THO response with equal pro-
duction of TH1 and TH2 cytokines. There is also a strong rationale for examining
the effect of therapeutic agents capable of blocking the actions of IL-4 and IL-5.
Anti-IL-5 antibody has been shown to block eosinophil infiltration in sensitized
animals whether administered before or after allergen challenge. It would be of
interest to determine the clinical effects of blocking the action of IL-4 in patients
with AD. Elimination of the IgE response may have less importance in patients
with continuing TH2-mediated allergic inflammatory responses. Thus the combi-
nation of several approaches will be needed to effectively interrupt the complex
inflammatory cascades associated with allergic diseases including AD.

Evidence-Based Medicine in AD
Diagnosis

To confirm the diagnosis of atopic dermatitis in a patient with dermatitis, allergist—
immunologists are specifically trained to diagnose atopic dermatitis. Defining IgE-
mediated sensitivity (by means of skin or in vitro testing) is useful in the differential
diagnosis.

Joint Task Force on Practice Parameters. Disease management of atopic derma-
titis: an updated practice parameter. American Academy of Allergy, Asthma and
Immunology, American College of Allergy, Asthma and Immunology. Ann Allergy
Asthma Immunol. 2004;93(Suppl):S1-21. Evidence grade: IV.
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Management

Recent studies have suggested that epidermal barrier dysfunction contributes to the
development of AD and other allergic diseases. Approximately 32 % fewer neo-
nates who received the moisturizer had AD/eczema by week 32 than control sub-
jects (P=0.012, log-rank test). No statistically significant effect of emollient on
allergic sensitization based on the level of IgE antibody against egg white was
shown. However, the sensitization rate was significantly higher in infants who had
AD/eczema than in those who did not (odds ratio, 2.86; 95 % CI, 1.22-6.73). Daily
application of moisturizer during the first 32 weeks of life reduces the risk of AD/
eczema in infants. Allergic sensitization during this time period is associated with
the presence of eczematous skin but not with moisturizer use.

Horimukai K, et al. Application of moisturizer to neonates prevents development
of atopic dermatitis. J Allergy Clin Immunol. 2014;134:824-30. Evidence grade: Ib.
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Chapter 13
Allergic Contact Dermatitis

Bettina Wedi

Definition, Classification and Epidemiology

Allergic contact dermatitis (ACD), a subtype of contact dermatitis, is a common
inflammatory skin condition caused by direct contact with an allergy-causing sub-
stance. Over 3,000 contact allergens have been identified. ACD affects approxi-
mately 1% of the general population, equally as likely in infancy as in adulthood
(apparently increasing in children). Contact dermatitis occurs twice as frequently in
women as in men and often starts at young age.

In affected individuals ACD has a serious impact on their quality of life.
Moreover, in severe, persistent condition, the disease is sometimes job threatening
or life threatening. Occupational contact dermatitis is the second cause of recog-
nized occupational diseases with considerable economic impact. Occupational
ACD is most common in hairdressers; printers; machine tool operators; chemical,
gas and petroleum plant operatives; car assemblers; and machine tool setters. The
prevalence of hand eczema in workers with wet work exposures is approximately
20 %. Irritant contact dermatitis (ICD) and ACD are more common in patients with
filaggrin loss-of-function mutations.

Airborne contact dermatitis is caused by dust, pollen or volatile substances and
is located on air-exposed areas, for example, to the preservative (MCI/MI) in paint-
ings (Fig. 13.1). Passive exposure via social contacts termed “consort” or “connu-
bial” dermatitis should also be considered (e.g. ACD of the face in a mother due to
benzoyl peroxide acne treatment of her son). Several episodes of contact urticaria
(e.g. to meat, vegetables or spices) may result in protein contact dermatitis
(Fig. 13.2). Systemic ACD after systemic intake of the allergen (e.g. orally ingested
nickel, balsam of Peru or spices) is a rare subtype of ACD although at least systemic
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Fig. 13.1 Airborne contact
dermatitis to the
preservatives MCI/MI in
paintings

ACD to nickel may be underdiagnosed because nickel represents the most common
occupational as well as public contact allergen. Baboon syndrome (formerly called
mercury exanthema) is a special type of systemic ACD, symmetrically involving the
intertriginous areas (buttocks, axillae) and is most common after drug intake. ACD
to food is uncommon but is more frequent in food handlers. It frequently involves
the hands or fingertips (e.g. by diallyl disulphide in garlic) but can also be present
around the mouth or on the face (e.g. by urushiol, the allergenic oleoresin of
Toxicodendron plants, present in mango and cashew nuts).

In photoallergic contact dermatitis, additional exposure to ultraviolet light is needed.

ACD can occur at any time, after many years of contact with a substance or after
a few exposures. Irritant contact dermatitis (common irritants: water, cleaning
agents, acids, alkalis, oils, organic solvents) facilitates the development of sensitiza-
tion and thus often precedes ACD (e.g. cleaners who perform wet work and develop
ICD, prompting them to start wearing rubber gloves. They then become allergic to
the rubber accelerators in the gloves).
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Fig. 13.2 Protein contact dermatitis to wheat flour in a baker

Recognizing Those at Risk

Acquired risk factors are generally inflammatory skin diseases such as ICD, stasis and
possibly atopic dermatitis, while genetic variances might result in higher susceptibility.

Atopic dermatitis The pattern and the frequencies of observed sensitizations do not
differ greatly between atopic dermatitis patients and nonatopic individuals (exception:
bufexamac). No association exists between atopic dermatitis and reactions to nickel.
However, atopy is a well-recognized risk factor for ICD and thus possibly also for ACD.

Stasis dermatitis There is higher risk for developing ACD to materials and agents
applied to the areas of stasis dermatitis and leg ulcers (e.g. neomycin).

Otitis externa There is higher risk for ACD to topical neomycin and topical
corticosteroids.

Regulatory Aspects

Regulatory aspects aim to reduce exposure to contact sensitizers, for example, the
European Union regulated the content of chromium in cement in 2005, and since
then sensitization to chromate in construction workers has declined.
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The local lymph node assay in mice is used for regulatory risk assessment of
potential allergens. Novel in vitro strategies have been developed to identify skin-
sensitizing chemicals. Nevertheless, epidemiological and clinical data continue to
represent a critical decision point in risk assessment and management. In several
countries clinical epidemiological surveillance systems exist. For example, the
Information Network of Departments of Dermatology in Germany is monitoring
clinical epidemiology data, although at the moment their activity is significantly
impaired. Actually, the European Union legislation labels patch test materials as
drugs. Large epidemiological studies with putative novel contact allergens, which
usually precede clinical registration trials, cannot be achieved under current legisla-
tion. This is unnecessary and harmful for management of patients with dermatitis,
as it diminishes patch testing and correct diagnoses significantly. Important and
emerging contact allergens will be detected later, if ever.

Pathogenesis

Molecular and Cellular Mechanisms

The immune response to contact allergens in the skin is a highly dynamic process.
Cells are leaving the skin, some recirculate between the skin and lymph nodes and
others are recruited to the skin.

ACD is caused by specific T-lymphocyte-mediated sensitization to low molecu-
lar weight substances (haptens). Protein haptenation is one of the key molecular
events in skin sensitization. It is a rule without exception that ACD will only develop
if molecules are able to penetrate the skin and behave as haptens, that is, bind to cell
surfaces in the epidermis or dermis, modify self-skin protein(s) and thus induce
immunization. For protein haptenation to occur, a chemical must be electrophilic,
for example, must have a polarized bond such as halogenated compounds or be a
cation such as Ni2+. Importantly, a chemical can also be converted to a protein-
reactive species by air oxidation or cutaneous metabolism.

Very recent results showed that toll-like receptors, which recognize pathogen-
associated molecular pattern (PAMPs) expressed by bacteria, parasites, viruses and
fungi, are activated by haptens. Nickel, the most relevant contact allergen, directly
activates TLR4. Therefore, recent models incorporate the danger theory in the
pathomechanism of ACD. The hapten produces both an antigenic signal and a dan-
ger signal through the release of damage-associated molecular pattern (DAMP)
molecules, ligand stimulation of toll-like receptor (TLR)-4 and TLR?2 and release of
proinflammatory cytokines. The cytokines induce expression of vascular adhesion
molecules and chemokines, thereby recruiting Th1 and Th17 cells.

The initial sensitization typically takes 10-14 days from initial exposure to a
strong contact allergen such as poison ivy. Once an individual is sensitized to a
chemical, ACD develops within hours to several days of exposure. CD4* CCR10*
memory T cells persist in the dermis after ACD clinically resolves.
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It is widely accepted that sensitization is specific. However, recent data demon-
strated that with an increasing strength of a positive reaction to nickel or to fra-
grance mix, the likelihood of further positive reactions to unrelated contact allergens
increased significantly. This recent finding can raise new questions with regard to
the conception that sensitization is in any case and throughout an exclusively
allergen-specific process.

Histology

Histologically contact dermatitis is characterized by spongiosis (intraepidermal
edema) and a mononuclear infiltrate. Thickening of the epidermis (acanthosis) with
hyperkeratosis and parakeratosis may be seen in the epidermis and stratum cor-
neum. Some dermatohistopathologist believe they can differentiate allergic from
irritant contact dermatitis because ICD may show epidermal necrosis and less inter-
cellular edema whereas ACD may be associated with the presence of eosinophils.

Clinical Symptoms

Acute ACD is characterized clinically by intense pruritus, erythema, vesiculation
and weeping and crusty deposits, whereas in chronic ACD thickened skin and
lichenification predominate in addition to erythema and pruritus. Quality of life is
impaired similar to patients with psoriasis or hair loss.

Clinical symptoms vary at different areas of the body due to different thicknesses
of the skin. For example, erythema and edema predominate in thin skin (the eye
lids, penis, scrotum), whereas the scalp, palms and soles may exhibit few clinical
signs of ACD. Location of the skin or mucosal lesions often points to the offending
allergen(s) (Fig. 13.3), for example, nickel in a trouser button, chromate in leather
shoes, metals in dental prosthesis (Fig. 13.4) or chemicals in ophthalmologic prepa-
rations causing dermatitis around the eyes. However, sometimes detective work is
needed to uncover the allergen(s) (Fig. 13.5).

Diagnosis

Telling ACD apart from ICD can be very difficult because both cannot be easily
differentiated by clinical, histological or electron microscopic examination.
Differences in clinical distribution and morphology are useful guides but dangerous
to rely on uncritically (undress the patient completely!). A detailed history is crucial
in evaluating individuals with ACD to identify potential causes of ACD. Patients
with ACD require a much more detailed history compared to those with most other
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Fig. 13.3 Clues to distribution

dermatologic disorders. If occupational ACD is suspected, it should be considered
that the material safety data sheets often provide incomplete data, and it is fre-
quently necessary to contact the manufacturer.

The demonstration of a type IV immune reaction remains the specific point of
difference, which is done by appropriate patch testing that requires at least three
office visits and must be done by a clinician with detailed experience in the proce-
dures and interpretation of results.

In protein contact dermatitis, patch testing and prick testing should be combined
to test for type I and type IV immune reaction.

Some substances need additional exposure to sunlight to cause ACD. Thus, if
photoallergic contact dermatitis is suspected, additional photopatch testing (irradia-
tion with 10 J/cm? ultraviolet A) should be performed.

In systemic ACD (the most classic being a refractory vesicular hand dermatitis
or acral or flexural erythema, occurring with ingestion of allergenic metals and usu-
ally associated with strong positive patch test, e.g. to nickel, cobalt, chromium or
balsam of Peru) challenges might be considered (e.g. oral provocation with nickel
(Fig. 13.6).

Patch Test Procedure

Potential causes of ACD and the materials to which individuals are exposed should
be patch tested (sensitivity and specificity between 70 and 80 %). Approximately 25
chemicals appear to be responsible for as many as one-half of all cases of ACD. Based
on the principles of evidence-based medicine, patch testing is cost effective only if
patients are selected on the basis of a clear-cut clinical suspicion of contact allergy
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-y,

Fig. 13.4 Examples of allergic contact dermatitis in different areas of the body

and only if patients are tested with chemicals relevant to the problem. Frequent
allergens in children and adolescents include nickel (and cobalt), fragrance mix,
rubber chemicals, PPD (paraphenylenediamine) and thiomersal (due to presence in
vaccines, usually irrelevant). Tables 13.1a and 13.1b presents the important contact
and occupational contact allergens.

The Finn Chamber was designed in the 1970s; this is the standard method for
patch testing individuals to chemicals (Fig. 13.7) not found in the thin-layer rapid
use epicutaneous (TRUE) test, which became available in the US in the 1990s.
Patch testing must be performed by healthcare providers trained in the proper
technique. Patch test screening series, which will pick up approximately 80 % of
allergens, varies from country to country.
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Fig. 13.5 Allergic contact dermatitis to acrylics in hearing aid

Fig. 13.6 Positive double-blind oral provocation test with nickel

The proper concentration of each chemical should be used. This usually means
undiluted substances for leave-on products and dilutions for wash-off products.
Hairy areas should be shaved and the areas should be cleaned with plain water.
Occlusion of the patch tests is usually for 48 h and the reading after removing
(according labelling) but again at least after 72 h. Additional reading after 96 h and
sometimes also later (e.g. for corticosteroids, neomycin) may be recommended.
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Table 13.1a Important contact allergens and some of their sources

Nickel sulphate (jewellery, zips, paper clips, coins, keys, metal industry, food)
Cobalt chloride (inks, varnishes, enamels, fertilizers, feed additives, humidity indicators)

Chromate (tanned leather, cement)
Rubber accelerators or antioxidants (gloves, shoes, waistband)

Cosmetic ingredients, preservatives, fragrances (make-up, perfume, soaps, shampoos, nail
products, sunscreens, moisturizers, cleansers, hair dyes)

Colophony (coniferous tree resin, string wax, adhesives, mascara)

Plants, wood (families: Toxicodendron, Primulaceae, Chrysanthemum, Liliaceae)

Topical medications (iatrogen topical treatment: creams, adhesive patches, eye drops,
suppositories)

Table 13.1b Important Rubber chemicals in protective gloves
occupational contact

allergens

Epoxy resins in surface coatings or glues

Hair dressing chemicals

Chromate, nickel

Fragrances
Coconut diethanolamide

Colophony/rosin (adhesives)
Acrylates (denture making)
Preservatives (metal working fluids, glues)

Fig. 13.7 Patch test procedure using Finn Chambers
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A positive patch test shows up as a miniature eczema during the following few days.
Interpretation should be performed according to standardized International Contact
Dermatitis Research Group (ICDRG) criteria (Table 13.2). A “crescendo” or “pla-
teau” reaction is more likely associated with an allergic reaction whereas a
“decrescendo” reaction points to an irritant reaction. The relevance of each reaction
should be assessed and recorded as present, past or unexplained.

The routine patch test was supplemented with a SLS (sodium lauryl sulphate)
patch test to identify increased irritability. This allows interpretation of doubtful
(erythematous) or even positive (erythematous and infiltrated) patch test reactions
to certain allergens, which are at the same time marginal irritants when patch
tested. Irritability might also imply increased susceptibility to contact allergy.
Another possibility to clarify doubtful cases is a repeated open application test
(ROAT).

Repeat Open Application Test

ROAT is most useful when a 1+ reaction to a chemical is found (e.g. in a leave-on
product) to determine whether the reaction is significant. The chemical is applied
twice a day for a week, for example, to the antecubital space of the upper arm. If the
individual develops dermatitis following a few days of repeated application of the
suspected product, the weak patch test reaction is relevant.

Angry Back or Excited Skin Syndrome

If a large number of positive patch test reactions to unrelated allergens (more
than five) occur (Fig. 13.8), retesting the patient sequentially to a small series
of these allergens may be necessary to exclude non-specific false-positive reac-
tions. Angry back is most likely in individuals who have active dermatitis or
who have a strong positive patch test reaction, both of which may induce local
skin hyperreactivity.

Table 13.2 Interpretation of patch test results according to ICDRG criteria

- Negative reaction

+)or ? Doubtful reaction (faint homogenous erythema, no infiltration

4 y
+ Weak positive reaction (erythema, mild infiltration, papules)
++ Strong positive reaction (erythema, infiltration, papules, vesicles)
+++ Extreme positive reaction (coalescing vesicles, bullous reaction)
IR Irritant reaction (discrete patchy erythema without infiltration)
NT Not tested

Photopatch tests are graded similarly by just adding the prefix Ph
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Fig. 13.8 Angry back syndrome
Pitfalls

False-positive reactions occur if irritant allergen concentrations are used or in angry
back syndrome. Table 13.3 presents the causes for false-negative reactions. In ACD
of the eyelid, tapping of the skin may be needed to get positive patch test reactions.
Table 13.4 lists the adverse reactions of patch testing. Contact with allergens via the
patch test rarely induces contact allergy, the risk depending on the type and dose of
the allergen. Active sensitization is defined as a negative patch test followed by a
flare-up of this initial negative test reaction after 10-20 days and then a positive
patch test reaction when retested already observed after 2 or 3 days.

The patch test is not capable to predict the development of ACD and is not rec-
ommended in the diagnosis of unspecific symptoms that do not involve the skin.
Unnecessary repetition of patch testing should be clearly avoided.

In contrast to Europe, in the USA sensitization to urushiol in poison ivy is very
common (50-80 %). An individual who never has been sensitized to poison ivy may
develop only a mild dermatitis 2 weeks following the initial exposure but typically
develops severe dermatitis within 1-2 days of the second and subsequent exposures.
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Table 13.3 Causes for false-negative patch test reactions

Low allergen concentration

Topical or systemic concomitant therapy: glucocorticoids, calcineurin inhibitors,
immunosuppressives

Recent ultraviolet radiation
Immunocompromised patients
Inappropriate allergen choice

Testing with cosmetic products

Variability of individual threshold reactivity

Improper testing techniques: inappropriate vehicle, poor contact of the allergen to the skin,
failure to perform delayed readings (important in elderly patients and in testing of neomycin,
corticosteroids, PPD, cobalt)

Missing cofactors: sweating, disrupted skin, UVA

Tablg 13.4 Adverse Irritation on the back from the presence of the patches

reactions of patch tests H - -
yper- or hypopigmentation

Excessive reaction

Persistence of reaction (e.g. to gold chloride)

Exacerbation of ACD in some cases (pointing to relevance)

Risk of sensitization (potent sensitizers: e.g. PPD, plant
oleoresins)

Delayed reactions (after 2—3 weeks) point to the development
of sensitization

The hallmark of the diagnosis of poison ivy is linear skin lesions. Patch testing is not
recommended due to the strong sensitization potential. The presence of small
amounts of urushiol in mango and cashew nut should be considered.

Management

Accurate diagnosis of the type of ACD and the eliciting factors are the key to proper
management. Strict avoidance of the offending allergen(s) is the treatment of choice.
However, detection and avoidance of the allergen is often easier said than done.
Evidence-based medicine data for treatment showed good- and fair-quality evi-
dence for potent or moderately potent topical steroids. Other treatments are not
evidence based but commonly used such as symptomatic treatment with cool com-
presses with saline. Tanning agents are helpful for acute vesicular dermatitis and
emollients, in chronic lichenified dermatitis. Oral Hl-antihistamines may help
diminish pruritus. Patients should avoid using topical antihistamines, including topi-
cal doxepin, because of the apparently high risk of iatrogenic ACD to these agents.
Acute severe ACD (e.g. to poison ivy) often needs to be treated with a 2-week course
of systemic corticosteroids. Most adults require an initial dose of 40—-60 mg. The oral
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corticosteroid is tapered over a 2-week period, but a complicated tapering regimen
probably is not necessary given the short duration of systemic corticosteroids.

Topical calcineurin inhibitors/immunomodulators are approved for atopic der-
matitis and may be prescribed for cases of ACD when they offer safety advantages
over topical corticosteroids (e.g. avoidance of cutaneous atrophy). Pimecrolimus is
a topical treatment often helpful for ACD of the face. Tacrolimus appears to be the
most helpful topical immunomodulator for ACD of the hands.

Chronic ACD that is not controlled well by topical corticosteroids may benefit
from psoralen plus ultraviolet A (PUVA) treatments.

Recent evidence-based medicine data regarding prevention of ACD demon-
strated fair-quality evidence for the topical skin protectant and quaternium-18-
bentonite to prevent rhus dermatitis and for diethylenetriaminepentaacetic acid to
prevent nickel, chrome and copper dermatitis.

In occupational ACD, barrier creams use should not be overpromoted, because
they may confer a false sense of security. After-work emollients should be encour-
aged and made readily available in the workplace.

In proven systemic ACD to food ingredients (e.g. to nickel or balsam of Peru),
restricted diets are recommended.

Patch test results, their relevance and potential cross-reactive allergens should be
explained in detail to the patient. An allergy pass and information sheet (e.g. lists of
alternatives) should be given (see www.contactderm.org: contact allergen replace-
ment database). Susceptible individuals prone to ICD need career advice.

Evidence-Based Medicine

Fonacier L, Bernstein DI, Pacheco K et al. Contact dermatitis: a practice parame-
ter — Update 2015. J Allergy Clin Immunol Pract. 2015;3:S1.

Complete and comprehensive recommendations of the AAAAI and ACAAI concern-
ing all aspects of contact dermatitis, i.e. allergic, irritant and systemic contact dermatitis.

McFadden JP, Puangpet P, Basketter DA, Dearman RJ, Kimber I. Why does
allergic contact dermatitis exists? Br J Dermatol. 2013;168:692.

Concise review summarizing current understanding of the events and processes
that are associated, and necessary for, the induction of skin sensitization, and elicita-
tion of ACD.

Nicholson PJ, Llewellyn D, English JS. Evidence-based guidelines for the pre-
vention, identification and management of occupational contact dermatitis and urti-
caria. Contact Dermatitis. 2010;63:177.

Systematic review providing evidence-based recommendations to improve the
prevention, identification and management of occupational contact dermatitis and
urticaria.

Peiser M, Tralau T, Heidler J et al. Allergic contact dermatitis: epidemiology,
molecular mechanisms, in vitro methods and regulatory aspects. Cell Mol Life Sci.
2012;69:763.
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Current knowledge assembled at an international workshop.

Scheman A, Cha C, Jakob SE, Nedorosi S. Food avoidance diets for systemic,
lip, and oral contact allergy: an American contact alternatives group article.
Dermatitis. 2012;23:248.

This review lists food elimination diets to food ingredients. Wolf R, Orion E,
Ruocco E, Baroni A, Ruocco V. Contact dermatitis: facts and controversies. Clin
Dermatol. 2013;31:467.

This review highlights disagreements and discrepancies associated with ACD.
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Chapter 14
Pediatric Asthma

Sixto F. Guiang

Introduction

Distinctive Features of Pediatric Asthma Not Seen in Adult
Asthma

The pediatric patient is not a miniature adult, so goes the old teaching. The pediatric
patient is a constantly changing patient. There are ever-changing landmarks of
growth and development, all of which may be of minor significance in the adult
patient, but significant in a growing patient. There is also the matter of medical
intervention causing alterations in growth and development, altered in the course of
treatment as a result of the effect of drugs used to control the patient’s asthma or the
effect of the disease itself. Then there is the involvement of a third party caretaker
whose cooperation, training, and ability to understand the clinician’s instructions
may be pivotal in the success or failure of any therapeutic regimen no matter how
well intentioned.

There are certain areas of uniqueness in pediatric asthma that makes it worth-
while to allocate a few pages in pediatric asthma.

First, the highest incidence of the disease occurs in children and the recently
described rise in incidence has occurred in children. Second, a delay in the diagno-
sis and thus a delay in the initiation of treatment can have far-reaching conse-
quences. Third, permanent changes of remodeling can occur even at an early age.
There are also some unique albeit subtle characteristics in pediatric asthma hyper-
responsiveness. These would be defined by the drug concentration needed to signifi-
cantly decrease airway function, a hallmark of asthma in all age groups. This
hyperresponsiveness seems heightened in infants and children, although it decreases
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with further maturation. In fact, a heightened degree of hyperresponsiveness has
been described even in normal infants.

A question often asked is what is the link between pediatric asthma and adult
asthma? What are the characteristics in the pediatric asthmatic that would alert one
to monitor even more closely a pediatric asthma patient who is more likely to prog-
ress to persistent asthma in adulthood?

Several general observations can be made in this regard: First, severe asthma in
early life is associated with significantly higher incidence of allergic rhinitis at age
35 years of age. Second, having a history of atopic dermatitis in early life is signifi-
cantly associated with persistent wheezing at age 29-32 years old. Third, among
children who wheezed during the first year of life, low lung function is a significant
predictor of subsequent wheezing. Stated differently, children with moderate symp-
toms have moderate symptoms as adult. Children with severe symptoms have severe
symptoms as adults. Generally speaking 75 % of persistent wheezers in children can
be predicted to have persistent wheezing by 35 years of age. Children who have
recurrent episodes of airway obstruction during early years of life as a consequence
of viral respiratory infections as in respiratory syncytial virus (RSV) infections but
who do not become sensitized to local aeroallergens are highly likely to remit in their
airway symptoms by early adolescent years. However, these same patients are highly
likely to have recurrences of their asthma symptoms if they should start smoking
even if they have been in remission for an extended period of time. Those early
wheezers who eventually become atopic are at risk for developing persistent asthma.
Transient wheezers do not wheeze as adolescents or adults. However, if they become
atopic, they are at increased risk of having mild persistent asthma as adults. Persistent
asthma in childhood continues to maintain reduced airway function as adults and, if
inflammation persists, may end up having severe asthma in adulthood.

Epidemiology of Pediatric Asthma

About five million youngsters under 18 years of age in the USA have asthma. This
figure includes 825,000 children under 5 years of age. Each year children with
asthma miss 1.4 million school days, three times the school absences of children
without asthma. Asthma interferes with school sporting events, school trips, and
play activities. Asthma accounts for 3,537,000 doctor visits for children under 15
years of age, 658,000 emergency room (ER) visits for wheezing under 15 years of
age, and over 8.7 million prescriptions for children under 15 years of age.

The cost for asthma care for the average patient with asthma also rises as a result
of time lost from work for parents and caregivers. Worldwide, the incidence of
asthma has risen particularly in the pediatric age group.

Because asthma is the leading cause of school absences, time lost over an
extended period of time ultimately reflects on the overall performance of the student
during their formative years and in the end the asthmatics’ role and contribution to
society as an adult.
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Asthma in the Preschool Age

By definition, asthma is a “chronic inflammatory disease characterized by recurrent
episodes of wheezing, breathlessness, chest tightness, and coughing. Additionally,
there is widespread but variable air flow obstruction.” Strunk points out in defining
asthma in the preschooler that the difficulty with this definition is that a number of
other respiratory conditions meet some of these features and yet may not be asthma.
Not all that wheezes is asthma, so goes an old teaching. In arriving at a diagnosis in
this age group, it has been suggested that one starts with a concept that asthma
belongs to a group of conditions exhibiting hyperactive airways (also meaning
responding to medications like albuterol). There is no specific test for asthma.
Rather, one goes through a series of elimination processes until the diagnosis is
arrived at. To this end are three necessary ingredients in the process, namely, a chest
X-ray, sweat test to rule our cystic fibrosis, and allergy skin tests to determine sen-
sitization to offending aeroallergens or food antigens. A barium swallow under fluo-
roscopy is desirable to rule out structural abnormalities of the mediastinum and/or
cardiovascular abnormalities as in the vascular ring, all of which may produce the
same symptoms. A sweat test, the second part of a cost-effective assessment, is
deemed necessary in spite of the much lower incidence of this disease because there
are a number of clinical features shared by both conditions. Then of course there is
always the possibility of the youngster suffering from both conditions.

With regard to skin testing, the question that always arises both from the clini-
cians’ and parent’s perspective is, how early does one justify skin testing? Skin
testing can be performed at any age when the clinical history especially the family
history warrants it or when history suggests the possibility of sensitization to an
aeroallergen or food allergens. Certainly we are all aware that atopic dermatitis is
the first leg of the atopic march and would make skin testing an even more reason-
able option. At the minimum, skin test for dust mites, cockroach, and in inner city
patients even mouse antigen would be reasonable. The most common food allergens
include milk, egg, wheat, peanut, tree nuts, soy, fish, and sesame seed. Pollen allergy
appears to herald allergic rhinitis rather than asthma, while sensitization to dust mite
may antedate asthma. When the history of food allergy suggests a frightening reac-
tion to a particular food, it is good practice to resort to in vitro testing for that sus-
pected food, as a skin test by itself can have the potential for a violent systemic
reaction. Anaphylaxis from peanut allergy comes under this category. In a typical
office setting, a patient is generally brought to the office because of “allergies”
manifested by persistent cough/interspaced with wheezing, nasal stuffiness, and
presence or absence of fever. There may be a history of prior spitting up or a “chok-
ing spell” after ingestion of a suspected food allergen, unresponsive to repeated
courses of antibiotics.

In some cases the diagnosis of asthma had already been arrived at because a
sibling has asthma or because there is a strong history of asthma in the family. In
this scenario, three conditions immediately come to mind. First is the possibility of
asthma, second the possibility of chronic sinus disease, and third the possibility of
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aspiration or a foreign body in the lower respiratory tract. Sinus disease in the pre-
schooler may present itself as a persistent cough. Although wheezing may be
reported, cough is more often than not the presenting symptom. Invariably previous
caregivers had given a course of antibiotics, and the parents would more often report
a transitory response only to end up in a relapse a few days later. This bit of informa-
tion in the history can be a valuable clue for the presence of sinus infection (a tem-
porary relief of symptoms followed by a relapse or a concomitant sinus disease may
be the reason for poorly controlled asthma). Sinus disease is generally poorly
responsive to bronchodilator therapy or even steroids and often seen by caregivers
as exacerbated by upper respiratory infections (URI). The presence of nasal polyps
at any age in the pediatric population makes a sweat test mandatory. Aspiration may
be suggested by a history of a frequent practice of “propping the bottle during feed-
ings, a history of choking spells following food, and the unwise practice of offering
nuts or popcorn to toddlers less than 4 years of age. Response to medication may be
similar to asthma. If one inquires further about stains of vomited material in the
beddings especially after heavy meals (picnics, parties, birthday parties in particular
where birthday cakes are often laced with various nuts of various sizes), foreign
body in the lower respiratory tract enters the differential diagnosis. A chest fluoros-
copy is always an essential part of a workup when foreign body is under consider-
ation since a simple chest radiograph may miss a foreign especially if it was very
recent episode.

Asthma usually presents exacerbations following viral respiratory illness, expo-
sure to irritants and pollution, and tobacco smoke and will show dramatic response
to steroids, inhaled corticosteroids (ICS), and bronchodilators. All causes of reac-
tive airway disease need to be considered and these include (1) food-induced
asthma, (2) bronchopulmonary dysphasia, (3) cystic fibrosis, (4) anatomic abnor-
malities in the mediastinum (vascular rings), (5) congestive heart failure, (6) bron-
chiolitis, and (7) pertussis. Just a word about the first episode of bronchiolitis
occurring for the first time in any infant. Here, bronchiolitis is clinically indistin-
guishable from bronchial asthma. There are laboratory studies designed to identify
viral antigens to pinpoint any of the six different viruses that can cause acute bron-
chiolitis. The clinical picture of pertussis may not be typical because of the attenu-
ation of the disease by previous immunizations, but the presence of leukocytosis
with preponderance of the lymphocytic series may provide the clue.

Natural History of Childhood Asthma

There are risk factors in the development of asthma. First, among them is that (1)
males have a higher incidence of asthma but the female sex has a higher deficit in
pulmonary function. (2) Atopic status is strongly associated with attacks of wheez-
ing and dyspnea. Children with atopic dermatitis (after all, this is the first lag of the
atopic march) or elevation of total serum IgE are strongly associated with the
increased prevalence of asthma. (3) A potential genetic component appears likely in
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the face of the old time observation that asthma tends to cluster in families. (4)
History of viral infections especially respiratory syncytial virus (RSV), although
other viruses may produce the clinical picture of bronchiolitis, especially those hos-
pitalized for bronchiolitis, has been shown to have reduced pulmonary functions, a
feature which appears to be a predictor of bronchial hyperreactivity. (5) Outdoor air
pollution. It has been shown that oxidant pollution such as nitrogen dioxide and
ozone may enhance the effects of aeroallergens by increasing airway permeability.
(6) Indoor pollution such as increased levels of house dust mite exposure may affect
the incidence of asthma and wheezing. (7) Maternal cigarette smoking definitely
increases the risk both for the onset or exacerbation of asthma. (8) A recent study
investigating genetic polymorphisms among Chinese preschool-age and school-age
children found a higher frequency of the RANTES-28G allele among children with
near-fatal asthma compared with children with mild to moderate asthma.

Will My Child Outgrow His/Her Asthma?

This is a question often asked. Current figures show that 50 % of adults who report
having had childhood asthma no longer have symptoms. Airway responsiveness in
childhood tends to predict airway responsiveness in adulthood.

Diagnosis of Asthma in the Older Child or Adolescent

The first step in arriving at a diagnosis of asthma, like any other medical condi-
tion, is a detailed history. What are the symptoms of concern to the parent or
caregiver? When do they occur? Are they repetitive? When they have been in
progress for a number of months, it helps to know if a seasonal variation exists.
One favorite method in getting an accurate idea of the seasonality of asthma
symptoms in any given patient is to refer to the holidays as landmarks (since most
parents often do not remember the exact dates asthma exacerbations occur). How
was the patient on New Year’s Day? On Valentine’s Day? On April fools? On
Labor Day? On Memorial Day? On the fourth of July? On school opening day?
After the first frost? On Thanksgiving? Christmas Day and New Year’s Day? By
using these holidays as benchmarks for dates, a more accurate idea of approxi-
mate dates of wellness or exacerbations can be obtained. The caregiver’s assess-
ment of the severity of the patient’s problem can be obtained by asking him or her
to give a “grade.” Give him/her a grade on how well you think he/she is, 10 being
the best and 1 or 2 the poorest or 5 in-between. This allows one to gauge the care-
giver’s ability to judge the patients wellness state. It is necessary to ask how often
the patient has symptoms, how much he has restricted in play/or sports activities,
and how much school he misses over a month or all year since he started. It is
important to have a list of medications currently used or previously used. One
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reliable source of this (as often the parents or patient has had so many drugs used
he has lost tract) is the pharmacy who usually has a computerized list of drugs
used in the preceding 6 or 12 months. It is important to know how many canisters
of albuterol have been used in the preceding months, whether the patient/care-
giver fully understands the difference between the “controller medication” and
the “rescue medication,” and whether they have been given refillable rescue medi-
cation or as on as-needed basis (PRN) or as a nonrefillable item. I stress this point
because sooner or later the patient or caregiver finds that the rescue inhaler works
immediately and soon the controller medication is neglected and often missed and
at times even entirely omitted. The number of visits to the emergency room (ER)
is important information as is the number of unscheduled visits to the primary
care clinician. There are patients who resort to unconventional or alternative care-
givers like a chiropractic care or herbalist or acupuncturist. One sure way to alien-
ate a patient is to speak disparagingly about an alternative care provider that the
patient may have already developed a close relationship with. One wants to make
certain that the patient is not on any asthmogenic drugs like beta-blockers for
migraine prophylaxis or hypertension.

On physical examination, the common stigmas of allergy may already be
apparent in an allergic child (as described by Meyers many years ago as the
allergic salute, dark circles under the eyes, allergic shiners, Dennie’s sign, trans-
verse crease at the dorsum of the nose and adenoid fascie, and the pale nasal
mucosa of allergic rhinitis). There may already be a history of several sets of
ventilation tubes installed to alleviate middle ear effusion. A tuning fork in the
older child may betray the presence of effusion or pneumatic insufflations with
a pneumo-otoscope to detect the degree of mobility of the tympanic membranes.
One detects pain over the sinus areas (the maxillary sinuses and frontal) by pres-
sure over the areas, and this should include a digital palpation of the roof of the
mouth (which when exquisitely tender is a common finding in acute or subacute
maxillary sinus disease). The search for concomitant sinus disease can be
rewarding in making the differential diagnosis in the preschool child and in
looking for clues as to why an asthmatic child remains uncontrolled. Tachypnea
may or may not be present along with hyper-expansion of the chest. Widespread
wheezing may be noted even on tidal breathing, and when absent one can often
be elicited by having the patient forcefully blow a lighted match or pretend to
blow a birthday candle on a cake. Pay close attention to examination of the fin-
gernail beds and toenail beds for cyanosis and early evidence of clubbing, hardly
ever seen in asthma but when present may suggest another differential
diagnosis.

Objective measurements: A pulmonary function test using standard spirometry
is the gold standard in establishing the presence of airway obstruction and demon-
strating reversibility after a bronchodilator. It is also a desirable measurement for
demonstration of airway obstruction following exercise. This parameter, however,
is not adaptable to all ages but may be attempted as early as 4-7 years of age.
Remember too that giggling, laughing, and crying can be considered the equivalent
of exercise in the asthmatic toddler/infant.
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Assessing Severity of the Disease Before Initiation of Therapy

Any treatment plan needs to be based on the physician’s assessment of the severity
of the disease. Reproduced below is the classification of asthma severity, from the
National Asthma Expert Asthma Expert Panels (NAEP) guidelines. See Table 14.1.

In children, a recent survey reveals that majority of pediatric asthma patients
have mild persistent or mild intermittent asthma symptoms. An important point to
remember is that mild persistent asthma in children should not be considered a
benign disease as mild persistent asthma in children can have life-threatening exac-
erbations. Reliance on symptom severity as a guide as to who to treat is often of
limited usefulness. This is clearly pointed out in studies showing poor correlation
between symptoms and airway obstruction. Furthermore, in one study forced expi-
ratory volume, the first second (FEV 1), has been found generally normal in children
classified as severe persistent asthma on the basis of symptoms.

A word about exercise-induced asthma (EIA) in children. EIA is often not for-
mally recognized as a diagnosis in children. EIA is discussed in detail elsewhere in
this text, but some points regarding EIA in children is appropriate at this time. While
premedication with short-acting beta-adrenergic drugs is effective in the manage-
ment of most EIA, special consideration should be mentioned about EIA in chil-
dren. There are studies assessing the effect of ICS use in exercised-induced
symptoms in mild asthma demonstrating that ICS when used daily (instead of as
needed before exercise) can protect against exercise-induced bronchoconstriction in
children with near-normal pulmonary function.

Once a determination of the severity of asthma is arrived at, initiation of therapy
may be started at the highest dose, and as control is achieved, the dose of the inhaled
corticosteroid (ICS) selected can then be gradually titrated to the least amount of the
drug to achieve control. In some instances, a short pulse of oral corticosteroid (OCS)
may be justified to tide over the patient at his worst.

Table 14.1 Classification of asthma severity in children 5-11 years of age

Using
Nighttime short-acting
Severity Symptoms awakening | beta-2 agonist | Lung function
Severe All day 7 x week Several times | FEV1 <60 % predicted
persistent a day FEV1/FVC <75 %
Moderate Daily >1/week Daily FEV1 = 60-80 % predicted
persistent but not FEV1/EVC = 75-80 %
every night
Mild persistent | >2 days/ 34xa > Days a week | FEV1=>80% predicted
weeks not month not daily FEV1/EVC >80 %
daily
Intermittent <2 days a <2xa <2 days a Normal FEV1 between
week month week exacerbation; FEV1 >80 %

predicted; FEV1/FVC
>85 %
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Goals of Treatment

Total control is possible in 40 % of cases. It is possible to achieve well-controlled
asthma in 80 % of patients. To achieve total control or good control however requires
sustained treatment. When goals are not achieved in spite of maximum dose of ICS,
an “add-on drug” (combination therapy) may be in order. Combination therapy may
result in lowered doses of ICS. The goals of treatment include the following: (1)
prevention of chronic and troublesome symptoms, (2) maintaining normal activity
levels, (3) providing optimal pharmacotherapy with minimal adverse effects, and
(4) meeting the patients and/ or his family’s expectations. From the expert panel
guidelines, the definition of a well-controlled asthma includes (1) asthma symptoms
twice a week or less; (2) use of rescue medication twice a week or less; (3) no night-
time or early morning awakenings; (4) no limitation of activity at school, home, or
place of work; and (5) asthma that is well controlled from the assessment of patient,
family, and caregiver.

The addition of newly approved drugs may be a consideration in patients who
are already using the maximum doses on ICS or ICS with long-acting beta-
adrenergic drugs (LABA) or patients requiring oral corticosteroids (OCS).
Coexisting sinus disease or gastroesophageal reflux disease (GERD) should also
be ruled out in such cases. When severe symptoms are associated with infiltrates
and high levels of serum IgE, bronchopulmonary aspergillosis enters the differ-
ential diagnosis. Details on the nature of this complication are discussed else-
where in this text.

Managing Bronchial Asthma in Children

Managing the child with asthma as outlined in the Guide for managing asthma in
children covers four components. The first component entails assessment and
monitoring.

History is paramount in the assessment of the asthmatic child. One needs to
obtain information about nighttime and morning symptoms, school absences, and
whether the patient is able to keep up with his peers in play or sports. Older children
may report “not feeling well” a good part of the time. In general, information about
the youngster’s performance in school and whether or not he limits his participation
in sports and play, tailored to what degree his asthma allows him to do, are of value
in assessing the patient’s status.

In the older child capable of performing spirometry, periodic assessment is rec-
ommended. Spirometry should be done on the initial visit and after treatment. It will
also serve to establish when normal or near-normal pulmonary function has been
attained. Performing a spirometry every year thereafter assures the clinician that a
normal or near-normal pulmonary function test (PFT) has been maintained or
restored following modifications of any regimen.
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Every child if old enough or his parent or caregiver should be able to recognize
through adequacy of symptom control. Based on preconceived perceptions on what
is acceptable control, previously agreed upon modifications in medication can be
added or modified and/or when the clinician should be consulted.

The second component in the management of asthma in children addresses
Controlling factors contributing to severity. For viral upper respiratory infections,
utilizing currently available vaccines like the flu vaccine and reducing exposure to
infections is desirable. The preschool nursery is a common conduit for these respi-
ratory infections. Utilization of these facilities should be thoroughly weighed as to
its practicality to any individual family and above all affordability, which varies
from one family to another.

Tobacco smoke is certainly a completely avoidable irritant, and most parents
when told that smoking cessation is really something they are doing not just for
themselves but principally for their love ones invariably are more than willing to
make the necessary changes in their lifestyles. Woodstoves are likewise avoidable.

Dust mite antigens are present in every home in the country, and while eliminat-
ing this antigen completely is an impossible task, dust control measures signifi-
cantly contribute to the well-being of the dust mite-sensitive patient. Dust mites
dwell where food for them is abundant. Human dander being the source of food for
mites, mites understandably are mostly found in pillows, mattresses, and box
springs. Of equal importance is the need to lower the humidity in the home to below
50%. Parents need to know that high humidity is conducive to enhanced mite
growth. In parts of the country often experiencing freezing weathers, it might be a
worthwhile effort to have the mattresses, box springs, and pillows taken outdoors
overnight as freezing weather significantly reduces the mite population. Often over-
looked is the need to use a mattress cover, box spring covers, and pillow covers in
other beds other than the patient’s where the patient shares the room with someone
else, usually the parents.

In inner city dwellings, cockroach antigen and mouse antigens can be an impor-
tant part of the environmental milieu. Cockroaches thrive best when garbage and
food leftovers are left exposed. The use of boric acid traps allows one to avoid using
poisons as this method adds another hazard for accidental ingestions. For mold
allergens, attentions can be directed to leaky faucets and wet areas. As in dust mite
avoidance, reducing humidity to less than 50 % can minimize mold exposure.

For patients sensitized to pollens, confinement in air-conditioned rooms is
undoubtedly the best barrier to pollen exposure but is not practical. In areas where
clothesline drying of laundry is commonly practiced, the moist laundry allowed to
dry on a clothesline collects pollens, bringing into the home quantities of pollen
where it is recirculated for an indefinite period. The hair collects pollens so a typical
pollen allergic patient may bring in a bagful of pollens to bed. So asking patients to
wash their hair at night instead of in the morning can be helpful. In patients with
coexisting allergic conjunctivitis, contact lenses are a drawback. Pollen grains can
potentially be trapped underneath these lenses creating an ever-present reservoir of
antigens. On the contrary, eyeglasses act as a windshield and thus theoretically
block the entry of allergen directly to the eyes.
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As you can imagine, all these measures cost money to implement and perhaps
the greatest obstacle to all the above is Poverty. And the greatest number of poorly
controlled asthma in children is found in poverty-stricken areas.

The third component in managing asthma in children is Pharmacologic thera-
phy. Attention has been called earlier for the need to assess the severity of the child’s
asthma before embarking on treatment (Table 14.1).

There are two approaches to the pharmacologic management of asthma in chil-
dren. The one that is preferred by most practitioners is an aggressive approach
where one attempts to control symptoms as rapidly as possible by using a dose
higher than the perceived requirement for any given level of severity. This is usually
accomplished by adding short burst of oral corticosteroid (usually prednisone or
prednisolone) for a 3—10-day period added to the selected ICS. As soon as control
is achieved, the dose is then titrated to a level that will maintain control.

The alternative approach is to select a dose level appropriate for the perceived
severity of the condition as outlined in Table 14.1, gradually titrating the dose
upward until the desired level of control has achieved. Elsewhere in this text are the
various preparations currently available for use in children in the USA. The use of
inhaled corticosteroids remains the gold standard for the treatment of chronic per-
sistent asthma. In making the selection from the various preparations available, the
following considerations are worth mentioning:

1. All currently available inhaled corticosteroids (ICS) are efficacious.

2. The safety profile of ICS is clearly superior to oral corticosteroids (OCS).

3. The currently available ICS are beclomethasone dipropionate, budesonide, fluni-
solide, fluticasone, triamcinolone, and mometasone.

4. Fluticasone is minimally suppressive even in high doses but is very cortisol sup-
pressive when administered by metered-dose inhaler (MDI).

5. One study determined that a 10 % cortisol suppressive effect was produced by:

(a) 936 ug for flunisolide (47 % of highest recommended dose via chlorofluoro-
carbon (CFC) MDI

(b) 787 ug of triamcinolone (49 % of highest recommended dose via MDI)

(c) 548 ug of beclomethasone dipropionate (65 % of highest recommended dose
via CFC MDI

(d) 445 ug (22 % of highest recommended dose) of fluticasone dipropionate via
dry powder inhaler

(e) 268 ug of budesonide (17 % of highest recommended dose via dry powder
inhaler)

(f) 111 ug of flunisolide (6 % of highest recommended dose) via a CFC MDI

These figures suggest that flunisolide delivered via a CFC MDI, fluticasone via
dry powder inhaler, and budesonide via dry powder inhaler have a relatively wide
margin of safety with regard to cortical suppression if administered with the recom-
mended dosing limits.

Asthma is a condition associated with significant morbidity and mortality. The
benefits of ICS in this disease have been well established over the years, and the all
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too familiar side effects should not deter anyone from using these drugs. The adverse
effects can be minimized by using the least amount of the drug to bring about the
desired result, as undesirable side effects tend to increase with increasing doses.
There comes a time when further increasing the dose, the desired effects plateau and
further increases produce no further improvement in symptom scores and objective
measurements. This would make the ideal time to introduce currently available non-
steroidal drugs to the regimen. This includes the long-acting beta agonists (LABA),
the leukotriene antagonists (LKTR), and theophylline. When theophylline is added
as a steroid-sparing drug, serum levels not to exceed 5 mcg/ml would be preferred.

The fourth component in the management of asthma in children is patient educa-
tion. There are important steps to forming a partnership with the patient and his
family and or/caregivers. This can be achieved by providing clear and easily under-
standable written information to all relevant caregivers including older children,
parents, caregivers, day care providers, teachers, coaches, scout leaders, camp coun-
selors, and school and camp nurses.

Written instructions can be given at each visit, allowing ample time for people to
study and understand implications of all information. It may be helpful to provide
patients and caregivers who have access to the WEB, website addresses like those
of the American Academy of Allergy, Asthma, and Immunology or the American
College of Allergy, Asthma, and Immunology or similar organization websites
where appropriate printed information are available.

Even medically trained individuals can absorb only so much information during
any given time, so it is always good practice to offer information a little bit at a time
as a short discussion at each subsequent visit. Provide information in a way that is
easily understood and accepted, respecting cultural differences among patients at all
times. All of these can easily be delegated to trained personal in the clinicians’
offices given the proper training.

Patient Education

The fourth component in the management of asthma in children is patient educa-
tion. The asthmatic patient should learn more and more about asthma like the dia-
betic patient learns more and more about diabetes. The patient must learn the nature
of the drugs being taken and the reasons for its use. Such patients should be made
familiar with the modes of delivery of each inhaled drug. When a patient fully
understands reasons for any advice given, he/she is more likely to be receptive to
his/her doctor’s recommendations.

I have purposely omitted peak flow monitoring as part of the patient’s educa-
tional program because I have found it to produce or magnify my instructions even
more.

I have devised a plan where the patient’s caregiver should keep track of whether
the patient is symptomatic or not. Complete cessation of all symptoms of coughing
or wheezing remains the main goal of therapy.
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I have experienced a lot of delay resulting from denial of insurance coverage for
drugs. The insurance coverage of any given patient which specifies specific drugs
often causes so much delay that I have preferred to inquire what particular drugs any
given patient’s insurance covers. That way I do not lose valuable time communicat-
ing with insurance companies whether a patient’s preferred drugs for asthma appear
in the formulary of any given company.

I think that most physicians will agree that no particular inhaled steroid prepara-
tion is more efficacious than other brands in the same drug category.

I put particular emphasis on the delivery system used. I make certain that the
patient returns to show me that he is capable of using the drug appropriately.

As a general rule, all infants need to have an electric nebulizer for delivery of
maintenance controller drugs and inhaled rescue medication. For patients 4 years
and older, they may be taught to use an inhaler delivered with an aerochamber. Even
then, I always require that the patient uses the inhaler appropriately by demonstrat-
ing to my satisfaction that an aerochamber is used properly.

More importantly, every patient and/or his mikucaregiver should know the purpose
of a “controller” medication as the word implies and the use of a “rescue’” medication.

I have found through particularly among teenagers that because they experience
immediate relief of symptoms with the rescue medication, there is always a ten-
dency for them to use the rescue medication at the expense of omitting the controller
medication. This leads to a worsening condition because the use of the controller
medication has been omitted from the patient’s regimen.

In this regard, I make it a point that rescue medications are refillable no more
often than one unit per month.

It is obvious that when a patient calls for rescue medication refills more often
than once a month, that patient can be presumed to be omitting the use of his con-
troller medication.

I always ask a patient: “What is it you want to do at home or at school that you
cannot do?” Regardless of how he answers this question, I get a general idea of how
good or adequate the control of his asthma can be.

When Is Immunotherapy as a Part of the Treatment Plan
an Option?

Immunotherapy (IMT) as a treatment option dates back to the early 1900s. Most clini-
cians prefer to wait until a patient is at least 5 years old before immunotherapy is given
serious consideration. This seems primarily from the overall “fear of shots” in all age
groups. However, when there is a distinct cause-and-effect relationship between an
antigen identified either in vitro or in vivo, and when undesirable side effects have been
experienced with conventional therapy, immunotherapy certainly is a viable option.
In a family violently opposed to getting rid of a cat is one instance. Cat antigen
immunotherapy has been demonstrated to be efficacious. A number of studies have
also repeatedly shown similar effects with dust mite immunotherapy. In some
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instances, IMT has allowed clinicians to successfully eliminate medication. In oth-
ers, clinicians have been able to reduce the doses of controller medication used.
There is data to suggest that immunotherapy in the dust mite (DM)-sensitized
patients appears to prevent the development of new sensitivities. Lesser established
is the role of pollen immunotherapy in bronchial asthma. Immunotherapy (IMT) for
allergic rhinoconjunctivitis has had a favorable effect on bronchial asthma. In the
final analysis, the decision is dictated by the families’ expressed desires. The mech-
anism underlying amelioration of symptoms following IMT has been established
and described elsewhere in this text.

When Does Referral to an Asthma Specialist Become
Desirable?

1. When the asthma is severe by definition, the following define severe asthma:

(a) Treatment with continuous or near continuous OCS (>50 % of the year)
(b) Requirement of high-dose ICS to achieve control of mild to moderate persis-
tent asthma

The above in association with two of the minor criteria listed below:

2. When the goals of treatment are not being met after three to 6 months of treat-
ment, earlier if the child appears unresponsive to treatment

3. When signs and symptoms are atypical or there are problems in the differential
diagnosis

4. When there are other comorbid conditions (sinusitis, allergic
rhinoconjunctivitis)

5. When additional diagnostic testing is deemed necessary as (pulmonary function
tests (PFT), skin testing, immunodeficiency workup)

6. When immunotherapy as part of the contemplated treatment is an option

7. When the child is below 3 years of age and has severe persistent asthma

Evidence-Based Medicine

Is there a link between atopic disease and cardiovascular risk factors in US
children?

Dr. Jonathan Silverberg at the Northwestern University Eczema Center seems to
think so and definitely calls for future studies using clinical examination, objective
measures of adiposity, and metabolic syndromes.

In a letter to the editor appearing in the December 15, 2015 issue of JACI, he
outlines the following observations: (1) Pediatric allergic disease was found to be
associated with increased odds of obesity, hypertension, and hyperlipidemia. (2) In
a multicenter study of 132 children with moderate to severe atopic dermatitis and
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143 age-matched healthy controlled, which found higher overall systolic and dia-
stolic blood pressures and increased odds of systolic blood pressure (greater than
90 %) in moderate-severe atopic disease. (3) The lack of association between atopic
disease and diabetes may be related to reduce power owing to the relative rarity of
childhood diabetes and/or heterogeneity from type 1 and 2 diabetes.

He believes that the case definitions for allergic disease are sufficiently valid for
epidemiological study.
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Chapter 15
Adult Asthma

Daniel E. Maddox

Introduction

The adult population presents a different set of challenges than is seen in the pedi-
atric asthmatic patient. Special considerations in adult asthmatic patients include
numerous potential medical comorbidities, medication conflicts, and complex dif-
ferential diagnoses.

The concept of asthma as a disorder involving airway inflammation is now well
established, and many scientists working in the field regard the earliest pathological
changes leading to clinical asthma as involving inflammatory mechanisms, which
initially create a state of airway hyperresponsiveness. Although there is heterogene-
ity in its presentation, the asthma phenotype is well defined and can usually be
diagnosed without excessive difficulty. The goal of appropriate diagnosis and treat-
ment is, of course, to normalize and maintain the quality of life for patients with
asthma, including social and occupational considerations. Given the extensive cur-
rent deficiencies in our understanding of the various pathophysiologic perturba-
tions, it is perhaps no surprise that asthma remains a considerable cause of morbidity
and, in some instances, even mortality.

The primary goals of this chapter will be to address basic diagnostic consider-
ations (including differential diagnosis), classification of severity, and treatment of
the adult asthmatic patient. A brief discussion regarding asthma pathogenesis will
also be included, although a detailed review of asthma pathogenesis is beyond the
scope of this chapter.
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Definition

Asthma is best thought of not as a single disorder, but as a term descriptive of a
characteristic clinical syndrome, characterized by recurrent cough, wheeze, and
shortness of breath. The number of molecular pathologies that eventuate in
chronic airway inflammation associated with episodic and at least partially
reversible airflow obstruction may be quite large. Each of these molecular
pathologies may have characteristic and specific nuances associated with their
clinical presentations, and this makes for a potentially diverse spectrum of asso-
ciated clinical details. Thus, asthma is more a clinical rather than a laboratory
diagnosis; it seems likely that only a systems biology approach is likely to ever
take us far enough into understanding its molecular pathology to bring its diag-
nostics into the laboratory realm. It is essential to exclude other potential disease
processes that may mimic asthma, thus reinforcing the importance of exploring
potential alternative diagnoses.

Epidemiology

An estimated 18.5 million people in the United States suffer from asthma.
Roughly two-thirds of these are adults. The prevalence of asthma continues to
increase in most industrialized nations [although the dramatic rate of rise seen in
the last 80 years has begun to level off], while there has been no change in asthma
incidence or prevalence in any of the aboriginal people of the earth [unless they
have been touched by Western technology]. Some recent research has raised the
question of whether the rising incidence and prevalence of asthma and allergy
might be related to distortions in the microbiome that correlate with or are induced
by the lifestyle exposures of humans living in Western, industrialized countries.
Much more research in this arena will be necessary before this hypothesis can be
robustly evaluated, but it remains an intriguing concept. According to US
Department of Health and Human Services data, the prevalence increased signifi-
cantly in all groups measured between 1940 and 2010. In addition to an increase
in asthma prevalence, the overall age-adjusted asthma mortality rate appears to be
increasing as well. The increase in asthma death rates appears to be higher for
some demographic groups than others and is consistently lower for Hispanic
groups than any other American demographic, which has underscored the possi-
bility of strong participation in asthma pathogenesis of environmental/nutritional
factors, which may reach far beyond simple allergic sensitivities. Similar trends
seem to be emergent throughout most industrialized nations. The overall cost of
asthma in the United States has recently been estimated at approximately $56 bil-
lion annually.
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Pathogenesis

The pathogenesis of asthma is incompletely understood. Considering the variable
clinical manifestations and the pattern of clustering within families, it seems likely
that epigenetic factors play a major role in triggering the syndrome, and it seems
increasingly probable that the innate immune system may play a prominent role in
asthma susceptibility. That said, the clinical features among asthmatic patients seem
to be similar enough to allow us the luxury of some clinically useful generalizations
regarding asthma pathogenesis.

Historically, the focus of thought regarding asthma pathogenesis was on airflow
obstruction secondary to transient smooth muscle-mediated bronchoconstriction.
While this is clearly a component of asthma and is an element of asthma diagnosis,
the emphasis has now shifted to the chronic inflammatory nature of the illness. Now,
the bronchoconstriction or airway hyperresponsiveness (AHR) is often viewed as a
marker of underlying inflammation.

Many different cell types have been implicated in asthma pathogenesis. These
include eosinophils, basophils, neutrophils, lymphocytes [T cells and innate lym-
phoid cells in the bronchial mucosal infiltrate and B cells fostering IgE-mediated
allergen responses], platelets, dendritic cells [DCs], pulmonary smooth muscle
cells, pulmonary epithelial and pulmonary endothelial cells, and macrophages. In
point of fact, almost certainly all of these cell types participate in both the pathogen-
esis and the pathophysiology of asthma, and the current challenge is to understand
the whole network with sufficient insight so as to recognize where the most impor-
tant nodes are active.

For example, many asthmatic patients tend to develop an eosinophilic infiltration
of the airway submucosa. Additionally, the recruitment of TH2-type T cells seems
to play a significant role in the initiation and maintenance of this eosinophil-mediated
airway inflammation. Variations in T cell responsiveness to corticosteroids may cor-
relate with clinical steroid-resistant asthma. DCs also appear to play a central role in
the development of the asthma phenotype, particularly in extrinsic asthma. This is
not surprising, considering the role of the dendritic cell in providing a link between
innate and adaptive immunity. DCs appear to aid in directing the type of adaptive
immune response (TH1 versus TH2). In asthma, a TH2 response [IL-4, IL-5, IL-13]
seems to predominate in those cases in which the bronchial submucosa is exten-
sively infiltrated with eosinophils. In allergic asthma, experimental models suggest
that the earliest steps in development of the inflammatory infiltrate depend on hista-
mine- and leukotriene-induced changes in adhesion molecule expression in vascular
endothelial cells, promoting arrest of circulating leukocytes, and then egress from
the vascular space into the bronchial submucosal tissues. In some cases, the bron-
chial submucosal inflammatory infiltrate is predominantly polymorphonuclear neu-
trophils, and in these cases TH17 T lymphocytes may be playing a more prominent
role than the TH2 T cells. As might be predicted, cases demonstrating this type of
histopathology are often much less responsive to corticosteroid therapy.
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In general, asthma is considered to be a TH2-type inflammatory condition.
Analysis of mRNA transcripts in bronchial T cell infiltrates shows submucosal lym-
phocyte expression of the cytokines which are usually secreted by TH2-type T cells
(IL-4, IL-5, IL-13, and GM-CSF). However, recent studies suggest that there may
be a significant role for innate lymphoid cells [these are cells which bear no markers
for either T or B cells, but appear capable of secreting large amounts of cytokines in
response to local factors, which are presently understood poorly], in addition to
traditional T cell types, in the pathogenetic process. Additional mediators of inflam-
mation such as histamine, leukotrienes, neuropeptides, and platelet-activating factor
are released by local mast cells, by eosinophils, and possibly by airway epithelial
cells. These factors in turn may initiate proinflammatory cascades in the extracel-
lular milieu leading to the formation of vasoactive species such as kallikrein. The
release of these inflammatory mediators results in changes favoring both smooth
muscle contraction and proliferation, resulting in bronchoconstriction, airway nar-
rowing, and airway glandular hypersecretion. Although a complex array of cyto-
kines, inflammatory mediators, second messengers, and transcription factors have
been shown to have significant roles in the development and pathogenesis of asthma,
much work is still required to understand the global process as well as the factors
that individualize the process in each patient. Ultimately, chronic airway inflamma-
tion may lead to irreversible airway narrowing (“remodeling”) in a subset of patients,
with much of the caliber change attributable to fibroblast proliferation, and it is this
response that carries the greatest adverse impact on prognosis.

Also of interest is the question of whether IgE has a direct role to play in asthma.
In addition to the role of allergen-specific IgE in allergic asthma, there appears to be
a correlation between total IgE level and asthma [at least the type of asthma charac-
terized by eosinophil dominance in the submucosal infiltrate], even in patients with-
out evidence of allergic sensitivity. This may form a rationale for measuring total
serum IgE in all asthmatic patients, as part of the basic initial evaluation.

Asthma Diagnosis

As with any illness, an accurate diagnosis is necessary to allow for appropriate treat-
ment. The cornerstone of asthma diagnosis is patient history, supplemented with a
limited number of diagnostic studies. It is helpful to remember the working defini-
tion of asthma as being a disorder of chronic airway inflammation with associated,
intermittent episodes of symptomatic airflow obstruction that is at least partially
reversible. These intermittent episodes of airflow obstruction may be manifest by
coughing, a sensation of breathlessness, and chest tightness. Symptoms tend to be
worse at night and/or associated with specific triggers, such as exercise.

A careful history is necessary to look not only for clues to possible asthma, but
more importantly to exclude other diseases that may be causing or contributing to
the patient’s symptoms. It is essential to ask questions pertaining to potential coro-
nary artery disease, thromboembolic disease (especially pulmonary embolism),
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infectious diseases, malignant processes, and other potential pulmonary diseases
(Table 15.1).

It is surprisingly common to find multiple systemic and pulmonary processes
leading to respiratory symptoms, particularly in older patients. One should always
be mindful of overall activity level and conditioning, tobacco use, and drugs of
abuse. A complete occupational history is essential. Potential comorbidities also
need to be considered, such as chronic obstructive pulmonary disease (COPD),
heart disease, anemia, connective tissue disease, risk factors for infectious diseases,
and potential malignancies. Although the differential is quite extensive, it is usually
possible to focus on important historical elements.

A detailed physical exam, focused by historical information, is essential. This
should include careful cardiac and pulmonary auscultation. Wheezing in asthma is
typically expiratory and musical in nature. However, wheezing is not always pres-
ent. When asthma is well controlled or the patient is not suffering an acute exacer-
bation, wheezing will generally not be heard. Never forget, however, that if an
asthma exacerbation becomes severe enough to critically limit airflow (either
directly or due to patient fatigue), wheezing may resolve. This can be an ominous
sign and suggests impending respiratory collapse. The quality of airflow is also
important. Many diseases including asthma and COPD may result in diminished
airflow noted on auscultation. The presence of stridor suggests an upper airway
process. Inspiratory Velcro-type crackles may represent an interstitial process such
as idiopathic pulmonary fibrosis. Expiratory crackles often represent an alveolar
process such as infectious infiltrate or pulmonary edema. The neck should be exam-
ined for evidence of jugular venous distention, which suggests a volume overload
state that may be commonly seen in various cardiac diseases and renal failure.
Extremities should also be examined closely for signs of clubbing, cyanosis, and
edema. The presence of clubbing suggests an alternative pulmonary process other
than asthma, such as idiopathic pulmonary fibrosis or cystic fibrosis. Clubbing is not

Table 15.1 Considerations in the differential diagnosis of asthmatic adults

System Selected diseases

Cardiovascular Coronary artery disease, heart failure, valvulopathy, pulmonary
hypertension, pulmonary embolism

Infectious Pneumonia, particularly atypical organisms, acute bronchitis

Neoplastic Lung cancer, carcinoid

Other pulmonary Chronic obstructive pulmonary disease, idiopathic pulmonary

diseases fibrosis, bronchiectasis, pulmonary eosinophilia, cystic fibrosis,

pulmonary manifestations of connective tissue diseases,
hypersensitivity pneumonitis, sarcoidosis, asbestosis

Gastroesophageal Gastroesophageal reflux disease
Hematologic Anemia, systemic mastocytosis
General Deconditioning, obesity

Psychiatric Anxiety, vocal cord dysfunction

It is important to remember that although many of these disease processes may mimic asthma, they
(or their treatments) may also coexist with and contribute to the severity of asthma
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a characteristic of asthma, even when asthma is severe. Dependent edema is another
sign of cardiac, renal, or other processes resulting in a volume overload state. The
ENT components of physical examination are also important, with particular atten-
tion to possible rhinitis, sinusitis, nasal polyposis, and postnasal drip. It is important
not to overlook vital signs (including weight, as asthma may be more severe in
obese patients).

“Diagnostic” Studies

In addition to the history and physical examination, a limited set of diagnostic stud-
ies may be useful in supporting a clinical diagnosis of asthma. These include pul-
monary function testing, measurement of sputum eosinophils, exhaled nitric oxide,
allergy skin testing, chest radiography, and a complete blood count. Other diagnos-
tic studies may be suggested by elements of the patient’s history and physical exam-
ination. A thorough discussion of all of these modalities is beyond the scope of this
chapter:

*  Pulmonary function testing is essential at the time of initial diagnostic evaluation
and is of cardinal importance in guiding the ongoing management of the patient.
Ideally, the initial assessment of pulmonary function should include plethysmo-
graphic determination of total lung capacity as well as diffusing capacity. These
parameters provide insight into the earliest abnormalities definable in asthma —
specifically, elevations in residual volume and diffusing capacity that are reflec-
tive of air trapping. These changes often antedate any significant abnormalities
in the spirometric flow-volume curve and can thus illuminate further the decision-
making process surrounding the transition from as-needed medication to regular
daily administration of “controllers” in patients with mild asthma. Once a thor-
ough assessment of lung function has been made for the asthmatic patient, sim-
ple spirometry may suffice for continuing follow-up of the patient’s response to
therapy. Many asthmatics will subconsciously decrease their level of activity or
avoid exercise completely as their asthma worsens; this tendency underscores the
unreliability of symptoms reporting alone and highlights the importance of peri-
odic reassessment of pulmonary function with spirometry:

— Spirometry should generally include baseline and post-bronchodilator expira-
tory flow-volume loops. While the flow-volume curve may be normal in many
asthmatics not suffering from an acute exacerbation, asthmatics often have a
“scooped” or concave appearance to the descending limb of the expiratory
flow-volume curve typical of obstructive lung disease. The FEV1/FVC ratio
is generally below 0.7 in a patient with significant airflow obstruction at the
time of testing. The degree of obstruction can then be further characterized by
the FEV1. However, it is important to remember that airflow obstruction (at
least in the absence of severe remodeling) is variable; thus many mild asth-
matics will have a normal baseline spirometry. Of significant importance in
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asthma is demonstration of bronchodilator responsiveness, which is defined
as an increase in FEV1 of at least 200 mL and 12 %. FEF25-75 may also be
reduced, suggesting small airway obstruction (Fig. 15.1).

— Methacholine challenge. In patients with a normal baseline spirometry whose
primary presenting symptom is cough and whose history suggests bronchial
hyperreactivity, a methacholine challenge may offer additional insight into
the level of activity of the lower airway inflammatory process. However,
methacholine challenge is neither sensitive nor specific for asthma. For exam-
ple, a positive response, although expected in asthma, may simply reflect the
occurrence of a respiratory viral infection or other inflammatory processes
within the 6 weeks preceding the test. Similarly, a negative response does not
entirely rule out the diagnosis of asthma. Methacholine challenge may be
most useful in providing additional insight into the care of patients with per-
sistent cough, if a positive test remains persistently positive. Methacholine
challenge should not be done in patients who already demonstrate any signifi-
cant degree of airway obstruction, as the diagnostic value is further substan-
tially undermined, and there is some hazard to the patient (Fig. 15.2).

* Exhaled nitric oxide (eNO) is gaining increasing acceptance as a marker of airway
inflammation in asthma. However, accurate interpretation is plagued by many
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Fig. 15.1 Positive bronchodilator response in an asthmatic patient. Note shift upward and right-
ward of the red curve. Significant is 12 % and at least 200 mL



230 D.E. Maddox

12

Predicted sesevevsssvccerese

Baseling  c——

10

Post-methacholine s

Maximal Expiratory Flow (I/s)

Expired Volume (l)

Fig. 15.2 Positive methacholine challenge in an asthmatic patient. Current practice is to qualify a
20 % fall in FEV1 as a positive response

problems. The ambient nitric oxide (NO) level significantly impacts measure-
ment. Results are often poorly reproducible between different pulmonary function
laboratories. Additionally, there is a lack of consensus on values which define
normal. Methodological challenges are presented by the fact that NO evolved
from the nasal and sinus airways in much higher concentrations than are normally
present in the lower airways, necessitating special procedures to avoid cross-con-
tamination of sampling. It should also be noted that eNO may be elevated in other
inflammatory airway diseases, including bronchiectasis, chronic bronchitis, and
eosinophilic bronchitis. Thus, eNO measurement itself is nor diagnostic of asthma.
However, eNO may be helpful in monitoring an individual’s response to therapy,
as this marker is expected to decrease with successful therapy. Proponents have
suggested that eNO might help predict which individuals with mild persistent
asthma would respond better to an inhaled steroid versus a leukotriene antagonist,
although data are presently too preliminary to make such a recommendation.

* Chest radiography. While the majority of patients with asthma will have normal
chest films, too many competing diagnostic possibilities will be missed if chest
radiography is overlooked in the initial evaluation. Important findings include
hyperinflation, airway wall changes, alveolar and interstitial processes, nodules,
masses, and adenopathy. Abnormalities of the cardiac silhouette and cardiothoracic
ratio require further evaluation. Acute processes, such as pneumonia, may be
present and can lead to a more difficult course in all asthmatic patients presenting
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with a flare of respiratory symptoms. When asthma is in flare, atelectasis is a very
frequent finding because of mucus plugging of airways. This may often lead to a
radiographic diagnosis of pneumonia, which is erroneous. The best means of
distinguishing atelectasis from true pneumonia is by serial imaging. An area of
atelectasis will usually have radiographically resolved by the third to fifth day of
therapy, while a true pneumonic infiltrate will require two full weeks or longer
for complete resolution. Therefore, ideally all radiographic diagnoses of pneu-
monitis should have a fifth-day follow-up film to correct for this error.

e Sputum eosinophils are another marker of airway inflammation in asthma.
However, these may also be elevated in chronic rhinosinusitis and eosinophilic
bronchitis. It is usually necessary to induce sputum to provide an appropriate
sample with the exception of some patients presenting with an asthma flare.
While simple Wright’s staining of sputum smears may be helpful when eosino-
phils predominate, a more reliable assessment is provided by processing sputum
samples to yield homogenous fluids which permit comprehensive counting of all
cellular elements in the sputum. This provides an accurate expression of eosino-
phils reported as a percentage of total sputum leukocytes. While helpful as an
adjunctive measure of control of airway inflammation in asthma, measurement of
sputum eosinophils is insufficient alone to diagnose asthma or initiate therapy.

» Allergy testing. Evaluation for allergic sensitivity is often of significant benefit to
patients with asthma and should be considered an essential component of a thor-
ough diagnostic evaluation. While relying on clinical history may help guide a
decision about testing for seasonal allergens, there are no reliable historical fea-
tures that identify patients with dust mite, animal dander, or indoor mold sensi-
tivity. Allergy testing must be done to accurately recognize such patients. While
not a diagnostic test for asthma per se, the information provided may greatly
assist in management. Allergy testing should primarily evaluate sensitivity to
aeroallergens. This can include perennial allergens such as house dust mite, ani-
mal danders (as directed by history), molds, and cockroach. Assessment of sea-
sonal allergens such as tree, grass, and weed pollens is also helpful, but can be
guided by the patient’s history. Determination of total serum IgE can be benefi-
cial, particularly in patients with severe persistent asthma and evidence of aeroal-
lergen sensitivity, as the level may impact therapeutic options [and provides
needed information if anti-IgE therapy, omalizumab, is being considered].

Asthma Management

Classification of Severity

Because decision-making surrounding asthma therapy is today closely tied to
asthma severity, some scheme for stratifying new patients is useful. In the 2007
National Asthma Education and Prevention Program (NAEPP) Guidelines for the
Diagnosis and Management of Asthma, asthma severity was stratified on the basis
of whether symptoms were intermittent or persistent. Persistent asthma was then
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further stratified as mild, moderate, or severe based on severity and frequency of
symptoms. This classification has been helpful in identifying appropriate initial
therapeutic interventions for asthmatic patients (Table 15.2). It is critical to under-
stand that all asthmatics can, at times, have severe exacerbations; these may be life
threatening. This is independent of the classification of asthma severity.

Asthma control should be reevaluated on a regular basis, the frequency of which
should be determined by the patient’s overall severity. Whenever possible, medica-
tions, particularly oral or inhaled steroids, should be titrated downward to minimize
potential side effects. The stepping up and down of asthma therapy will be discussed
in more detail below.

Management

As previously mentioned, asthma management should be tailored according to a
patient’s needs and asthma severity. The guidelines should be followed whenever
possible, tempered by the specific circumstances of each case. Asthmatics of all
severities should have ready access to inhaled short-acting f-agonists. Additionally,

Table 15.2 Classification of asthma severity

m Classifying severity for patients who are not currently taking long-term control
medications.

Classification of Asthma Severity
Components of (Youths =12 years of age and adults)
se\fel‘lw Persistent
Intermittent Mild Moderate Severe
22 days/week >2 days/week Daidy Throughout
Symptoms but not dadly the day
i Z2xfmonth manith 1xfweek but Often 7xfwesk
ighttime: 34 >xfwed
Short-acting 22 daysiweek *2 days/week Caily Several times
betay-agonist use but not e day
Impairment Fo:rmnmn control >1xfday
Normal FEV, /FVC: of E18)
B-19yr 85% Interference with Mone Minor limitation Some limitation  Extremely limited
20-39yr  80% activity
=S9yr 75%
50-80yr 70% = Normal FEV,
between
exacerbations
nction = FEV, =80% = FEV, 280% = FEV, =60% but  « FEV, <60%
EE predicted predted <BO% predicted  predicted
FEV,/FVC » FEV,/FVC « FEV,/FVC « FEV.
el normal rediced 5% 5%
22 year (see note)
Exacerbations
val since last exacerbation. Frequency and
Risk Systemic soverty m: e time for patients n any severty catogary.
Relative annual risk of e tions may be related to FEV,
w  Level of severity is of both imp and risk. Assess impairment domain by patient's/caregiver’s recall of
previous 2—4 weeks and sptromein,l Assign severity to the most severe category in which any feature occurs.
= At present, there are inadequate data to cormespond freq ies of rb. with levels of asthma severity. In general,
more frequent and intense (e.g., req g urgent, care, hosg or lcu indicate greater
underlying disease severity. For treatment purposes, patients who had 22 exacerbations requiring oral corti ids in the
past year may be dered the same as who have persistent asthma, even in the of i levels with

persistent asthma.
Modified from NAEPP Expert Panel Report 3: Guidelines for the diagnosis and management of
asthma; document available at URL http://www.nhlbi.nih.gov/files/docs/guidelines/04_sec3_
comp.pdf
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a plan should be in place for monitoring of asthma control and treatment of exacer-
bations. Many clinicians approach this with an “asthma action plan,” governed by
both asthma symptoms and serial home peak-flow measurements. Sample asthma
action plans are included in the NIH NAEPP practice guidelines (executive sum-
mary available online at http://www.nhlbi.nih.gov/files/docs/guidelines/asthm-
summ.pdf or the full report at the American Lung Association website, at http://
www.lung.org/lung-disease/asthma/for-health-professionals-and-volunteers/
strategies-for-addressing-asthma.html). Although commonly recommended, there
is insufficient evidence to state that asthma action plans are effective or necessary
for all patients. Studies suggest that those patients who present for unscheduled
office visits or emergency department care of asthma on a recurring basis benefit
most from the creation of asthma action plans. Therefore, this approach should be
carefully tailored to each situation.

Education is critical in achieving appropriate asthma control. Patients should be
instructed on appropriate use of inhaler devices, including spacer use where rele-
vant. Oral hygiene following the use of inhaled steroids is encouraged for preven-
tion of thrush. Perhaps the most critical educational point which patients must learn
early, and be frequently reminded, is the difference between daily or “controller”
medications and rescue medications. Daily (controller) medications include corti-
costeroids (generally inhaled), leukotriene modifiers, and less commonly cromolyn
and theophylline. These may be used in conjunction with long-acting B-agonists
(LABAS), particularly in moderate or severe asthma. Short-acting f-agonists, such
as albuterol, should generally be used as rescue medications for prompt relief of
symptom exacerbation and as premedication prior to exercise.

A subset of asthmatic patients may respond favorably to inhaled quaternary
amine anticholinergic medications such as ipratropium bromide. While this class of
medications alone is not considered sufficient as therapy in asthmatic patients, it
may be a useful adjunct in some patients. There is limited experimental evidence in
animal models that this class of medications may potentially limit airway remodel-
ing, thus potentially expanding the future role of these drugs in asthma. However, at
present there is not enough evidence in human asthma to make such a
recommendation.

Some patients with refractory allergic asthma may respond to treatment with the
anti-IgE monoclonal antibody omalizumab. Dosing is based on body weight and
pretreatment total serum IgE level (consult the manufacturer’s recommendations)
and typically consists in subcutaneous injections once or twice per month. It is gen-
erally reserved for severe asthma, largely because of cost and convenience factors,
which impacted the FDA approval application. Once given, it is no longer possible
to follow the patient’s IgE levels as a reflection of the activity of their disease,
because IgE complexed with omalizumab exhibits delayed clearance from the
circulation.

Allergy vaccine immunotherapy has been shown to be beneficial in asthmatics
with known aeroallergen sensitivities, resulting in improvement in both nonspecific
bronchial hyperreactivity and in reductions in responsiveness to specific aeroaller-
gens. There is also evidence that this may result in decreased symptoms and medi-
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cation use. However, immunotherapy should not be started in patients with unstable
asthma. Generally, allergen immunotherapy is best managed by allergists trained in
this modality.

Exercise-Induced Asthma

This topic is covered thoroughly in Chap. 16. Suffice it to say here that virtually all
asthmatics can be provoked to symptoms given a sufficiently strenuous task in cool,
dry air environments. Patients whose asthma symptoms only occur in circumstances
of exercise should not be considered as having a separate disorder — they simply
have asthma which is mild enough to require a potent provoking stimulus to mani-
fest symptoms. Patients who engage in a regular exercise program that predictably
provokes asthma symptoms usually benefit from premedicating themselves prior to
exercise. This is helpful not only in preventing symptoms, but allows the patient to
exercise more comfortably, thus encouraging a higher activity level and healthier
lifestyle.

Asthma Exacerbations

Severe asthma exacerbations may occur in patients of any asthma severity or per-
ceived level of control. In order to ameliorate exacerbations, which may occur in
spite of the health-care provider’s best efforts, an asthma action plan may be helpful,
allowing interventions to be initiated prior to the development of severe or even life-
threatening symptoms.

Exacerbations may be caused by common respiratory infections, especially
viruses and atypical bacteria, especially Chlamydophila pneumoniae (formerly
known as Chlamydia pneumoniae) or Mycoplasma pneumoniae. Other factors such
as environmental allergens (perennial and seasonal) and occupational exposures are
also common causes of exacerbation. Complicating conditions such as allergic
bronchopulmonary aspergillosis or minimal bronchiectasis of other causes, as well
as other comorbid diseases, should be considered as well.

Evaluation of an exacerbation should include a focused history and physical
examination including vital signs. Capillary oxygen saturation, spirometry (or PEF
whenever spirometry is not available), and chest X-rays are also important in the
evaluation of asthma exacerbations. In patients with a severe exacerbation, an arte-
rial blood gas may be considered. Further evaluation should be guided by the
patient’s history and findings. Patients should always be asked whether they feel the
same as they usually do when their asthma flares. Diagnosis of pulmonary embolism
is almost always delayed in patients with asthma unless the alert physician elicits a
comment such as “this doesn’t quite feel the same as my usual asthma flare.”
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Initial therapy should be aimed at maintaining adequate ventilatory mechanics
and tissue oxygenation. Inhaled f-agonists are necessary early on; however patient’s
response to bronchodilators must be closely monitored, since some patients will
present in an advanced state of tachyphylaxis to f-agonists. Oxygen supplementa-
tion should usually be provided to the tight asthmatic with the goal of maintaining
capillary oxygen saturation of at least 90 %.

For moderate exacerbations (PEF 51-80 % of personal best), it may be necessary
to increase inhaled steroids or initiate systemic steroids. For severe exacerbation
(PEF 50 % or less of personal best), systemic steroids and immediate emergency
medical attention are necessary. If patients with severe exacerbations fail to achieve
an adequate response after the first hour of intervention, hospital admission is nec-
essary. Patients with moderate exacerbations with inadequate response to therapy
may also be considered for emergent medical evaluation and hospital admission if
necessary.

A short course of oral prednisone, in divided daily doses in the range of
40 mg per day for a period of 5-10 days, is sufficient for most exacerbations,
but duration should be tailored to fit the clinical scenario. Experience with the
individual patient’s history will generally be required to establish whether a
taper is necessary (to prevent a rebound exacerbation of the asthma) after a
short course of oral steroid therapy. Mention should be made of the popular
blister-pack steroid taper which provides only 1 day of top-dose treatment and
begins the taper immediately thereafter — this is highly unlikely to provide an
adequate therapeutic result for asthma exacerbation management and thus
should be avoided.

Patients whose asthma relentlessly worsens and who present in a tight hyperin-
flated state of breathlessness with little or no favorable response to -agonist bron-
chodilators are said to be in status asthmaticus. This is a true medical emergency.
Such patients should be managed in a hospital emergency department and/or
intensive care unit. Simultaneous pursuit of emergent studies and therapy is
needed. The evaluation should include arterial blood gases, chest radiography, and
visualization of the laryngeal airway. Generalized fatigue, normal to elevated
PaCO,, and mental status changes are generally considered indications for endo-
tracheal intubation and initiation of either mechanical ventilation or high-fre-
quency oscillation [HFO]. A recent task force concluded that there was insufficient
experience with noninvasive ventilation [HFO] to officially endorse that as a rec-
ommendation in status asthmaticus. Aggressive use of f-agonist may trigger a
significant, albeit transient, hypokalemia, necessitating electrocardiographic mon-
itoring. The addition of inhaled anticholinergic medications (ipratropium bro-
mide) may provide additional benefit when combined with inhaled f-agonists. The
Expert Panel Report 3 sets forth guidelines for management of asthma exacerba-
tions which have been embraced by the American Academy of Allergy, Asthma,
and Immunology, as well as the American College of Allergy, Asthma, and
Immunology (accessed here: http://www.nhlbi.nih.gov/files/docs/guidelines/11_
sec5_exacerb.pdf).
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Maintaining Asthma Control

As with other chronic health problems, regular follow-up and assessment of control
is crucial to appropriately manage asthma. Asthma control issues should be
addressed at every office visit. Additionally, follow-up visits should be scheduled at
regular intervals, with the frequency determined by asthma severity. These should
occur at least once per year for all asthmatics.

Because asthma symptoms do not always correlate with asthma severity, more
objective parameters, such as spirometry, are necessary to ascertain the current degree
of control. Questions addressing degree of control should generally include the fre-
quency of asthma symptoms, rescue bronchodilator use, nighttime or early-morning
symptoms, limitations on work, school or exercise, home PEF measurements, and
patient/family member assessment of overall control and comfort (Table 15.3).

Discussions of medication use should not be limited to the frequency of rescue
bronchodilator use alone. It is important to ask whether a patient has previously
required oral steroids (particularly within the past year), hospitalization, or intuba-
tion. Many patients are poorly compliant with controller therapies, particularly
inhaled corticosteroids. This may be due to side effects, such as thrush or dyspho-
nia, or other factors, such as inconvenience or medication cost. Alternatively, poor
compliance with controller therapies may suggest inadequate asthma education.
The patient’s inhaler and peak-flow techniques should be regularly reviewed.

The asthma checkup visit should include periodic spirometry. This should be done
at least yearly, particularly in patients on regular, daily controller therapies and may
be done more frequently if necessary. Other measurements such as exhaled nitric
oxide and sputum eosinophils may provide additional helpful information, although
no consensus regarding the indication and timing of such testing has yet emerged.

If the patient’s asthma is well controlled, then therapy may either remain
unchanged or attempts to “step down” may occur. For example, a patient on high-
dose inhaled corticosteroids whose asthma has remained well controlled may war-
rant a change to intermediate- or low-dose inhaled corticosteroids. On the other
hand, if a patient’s asthma symptoms are not well controlled and if the patient is
appropriately compliant with the current prescribed regimen, then stepping up the
level of therapy may be necessary. Recent studies suggest that the dose-response
curve of inhaled corticosteroids in asthma is quite shallow. Therefore, addition of a
long-acting p-agonist (LABA) or leukotriene blockade may provide more advan-

Table 15.3 Characteristics Asthma symptoms < twice per week
of well-controlled asthma Rescue bronchodilator use < twice per week

No nighttime or early-morning awakening

No limitations on exercise, work, or school

Patient and provider both describe asthma as well controlled
Normal or personal best (after aggressive therapy) PEF or
FEV,

Lietal.
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tage than doubling the dose of inhaled corticosteroids. If a LABA is added, a period
of close monitoring is indicated in case the patient should have the Arg/Arg geno-
type for the p-receptor and as a result suffer worsening of asthma control with regu-
lar B-agonist use. Asthmatic patients should not receive LABA without concomitant
inhaled corticosteroid administration, as the use of LABA alone is associated with
an increased mortality rate.

In many instances, lack of control is due to poor compliance with the prescribed
regimen. Again, in these situations, it is necessary to discover the reasons leading to
poor compliance and provide further education.

Special Considerations in the Management of Adult Asthma

Pregnancy and Asthma

This topic will be covered in detail in Chap. 18. This is an area of significant impor-
tance in the management of asthmatic adults. Suffice it to say here that poorly con-
trolled asthma during pregnancy increases the rate of both maternal and fetal
complications. Thus, although there is always potential risk associated with any
medical intervention during pregnancy, appropriate medical management of asthma
prior to and during pregnancy is considered essential. While there will likely never
be randomized prospective placebo-controlled clinical trials of drugs for asthma in
pregnancy, the available retrospective data suggest that few if any of the currently
used pharmacologic agents are associated with adverse side effects in pregnancy, in
terms of fetal anomalies or adverse outcomes of pregnancy.

Heart Disease and Asthma

Aside from providing additional triggers for dyspnea, heart disease complicates
asthma management largely as a result of opposing goals in pharmacologic manage-
ment. 3-Antagonists (B-blockers) are a component of standard care for many patients
with heart disease, including coronary artery disease (CAD), prior myocardial infarc-
tion, and heart failure. Unfortunately, even medications which are considered to be f3,
selective do exhibit some P, antagonism. This commonly results in exacerbation of
asthma and complicates management. The additional physiological stress due to
asthma may also exacerbate the comorbid cardiac condition. Patients with moderate
or severe asthma should not be treated with p-blockers. When this class of medica-
tions is necessary in mild asthmatics, the lowest possible dose should be used, and the
patient must be closely monitored, preferably with before and after spirometry. If the
-blocker can be shown to eliminate a favorable B-agonist response or decrease the
baseline flow-volume curve in the well asthmatic, then the f-blocker may prove cata-
strophic if the patient were to have an asthma flare. In the setting of f-blocker-induced
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asthma, the administration of glucagon and carefully titrated epinephrine may be
necessary. Quaternary amine inhaled anticholinergics such as ipratropium bromide
may also be helpful in the treatment of f-blocker-associated bronchospasm, although
first priority should be to avoid an exacerbation. Mild asthmatics that must be treated
with p-adrenergic blockade for cardiac conditions should have access to inhaled anti-
cholinergic medications. Even without concurrent B-blocker administration, it is
always necessary to consider both the asthma and any comorbid cardiac diseases as
potential causes in any increase in respiratory complaints.

Another major class of cardiovascular drugs that cause major trouble for asth-
matics is the ACE inhibitors. Angiotensin-converting enzyme and bradykinin-
catabolizing enzyme are the same molecule, so when an ACE inhibitor drug poisons
the enzyme, if bradykinin is being produced anywhere in the body, its levels will
rise. While this may eventuate in nothing more serious than a hacking cough in a
normal individual, it may make controlling asthma [and particularly recovering
from an exacerbation] a great deal more difficult. There are few circumstances
where the advantages of the ACE inhibitors cannot be fully supplied by the appro-
priate angiotensin receptor blocker [ARB] as an alternative drug, and we always
advocate for that option, since it does not elevate bradykinin levels.

COPD and Asthma

Long-term asthma may result in airway remodeling with resulting irreversible
obstruction similar to COPD. Furthermore, many asthmatics, particularly elderly
asthmatics with a history of tobacco use, develop a significant component of
COPD. Evaluation of such patients is more complex. Complete pulmonary function
testing with plethysmographically derived lung volumes and measurements of diffus-
ing capacity, along with chest radiography and in some cases high-resolution chest
CT (for quantification of emphysematous changes), is needed in evaluation of this
group of patients. It is important to remember that the optimal treatment of COPD is
generally regarded as distinct from that of asthma; thus treatment decisions may
become more complex. Collection of additional data, such as a sputum cellular profile
and blood eosinophil enumeration, may help to determine which disease pattern more
closely describes the patient. Treatment should be tailored accordingly. This may be
a subclass of patients that derive additional benefit from the addition of inhaled long-
acting quaternary amine inhaled anticholinergic medications such as tiotropium.

Evidence-Based Medicine

While there certainly has been no dearth of meta-analyses performed since the last
edition of this text was published, there have been no stunning breakthroughs in
asthma diagnosis or management in this interval either. Several more clinical trials
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of new biologicals have provided largely disappointing results, with some critics
pointing out that targeting single molecules in complex inflammatory pathways
cannot be expected to have substantial impact on the overall inflammatory process,
particularly given the broad field of individual variations in molecular pathogenesis
suspected to be presenting across the asthmatic population. As systems biology
approaches become more entrenched in asthma research, we anticipate that deeper
understanding of complex networks’ dysfunctions will become more recognized,
and we expect that treatment will increasingly consist of “suites” of several thera-
peutic compounds administered simultaneously. These multicomponent therapies
will be coordinated in their ability to push whole networks crucial to the inflamma-
tory pathways activated in asthma back to a more quiescent state, which reduces or
eliminates disease.

The two areas of greatest change since the last edition of this text was published
relate to recent investigations into the microbiome of the respiratory tract and the
role it may play in asthma development and activity and the use of bronchial ther-
moplasty in management of severe asthma. A complete discussion of these two
major developments is beyond the scope of this chapter, but readers are encouraged
to peruse the several recent excellent reviews.
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Chapter 16
Exercise-Induced Bronchoconstriction

Arissa M. Torrie and Timothy J. Craig

Exercise-induced asthma (EIA), now referred to as exercise-induced bronchospasm
(EIB), is extremely common. The terms EJA and EIB, although not identical, are
often used interchangeably in much of the literature. EIB is now the accepted term
to avoid the mistaken impression that exercise causes asthma. Rather, exercise leads
to bronchospasm in susceptible individuals, who may or may not have asthma. In
this light, all patients with EIA have EIB, but the reverse is not true. This is espe-
cially true of athletes who demonstrate airway bronchial hyperactivity that may be
a consequence of extreme performance conditions and hyperventilation.

Prevalence varies, depending on location, investigational criteria, and specific
population studied, with increased incidence in developed countries, urban loca-
tions, and in those in high-performance athletics. The prevalence of EIB in the gen-
eral population is likely between 6 and 20 %. Up to 90 % of asthmatics suffer from
EIB. This increase in EIB parallels the overall increase in asthma over the past
several decades. EIB is also frequently underdiagnosed, and in a study of Australian
children, 19.5 % experienced a fall in forced expiratory volume in 1 s (FEV,) greater
than 15 % with exercise. Only 60 % of those who had this decline in FEV, were
known asthmatics.

EIB can significantly impair social function and exercise in children. At times,
half of children with asthma were unable to compete secondary to symptoms, espe-
cially those who participated in outdoor running sports. Furthermore, asthma inhib-
ited life activities in a third of students over a random 2-week period in Australia.
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EIB is also a concern in high-performance athletes. Although the incidence of
asthma in the general population is 4—7 %, a much higher proportion of competitive
athletes have been diagnosed with asthma, up to 55 %, depending on the study.

EIB is second only to viral infections as a cause of acute airway obstruction.
Often, EIB is the first presentation of asthma in an individual. Several factors may
increase the risk of EIB. Atopy, as measured by positive skin tests, correlates with
EIB incidence, and up to 40 % of patients with allergic rhinitis have EIB. Genetics
is also important, and relatives of asthmatics, who do not have asthma themselves,
often have an obstructive pattern on pulmonary function testing with exertion. The
increase in obesity and a parallel overall reduction in physical activity and condi-
tioning appear to be associated with an increased risk of EIB.

Clinical Characteristics

EIB may present with traditional symptoms such as coughing, wheezing, or chest
tightness during or within 5-10 min after exercise. However, the clinician should be
aware of atypical presentations such as fatigue, chest pain, persistent post exercise
cough, or stomachache (Table 16.1). The differential diagnoses of EIB include car-
diac disease, intra- and extrathoracic causes of tracheal narrowing, lung disease,
neuromuscular disease, metabolic disorders, and deconditioning (Table 16.2). Vocal
cord dysfunction frequently mimics EIB and must be considered especially in ado-
lescents undergoing highly stressful athletic performances. In contrast to EIB,
patients with vocal cord dysfunction often have more difficulty on inspiration, often
with loud stridor, rather than on expiration, and they may also demonstrate trouble
with phonation during the event. Spirometry done at the time of symptoms often
reveals saw-toothed pattern on the inspiratory flow loop. Direct visualization of the

Table 16.1 Symptoms of Typical Atypical

exercise-induced Coughi Fati

bronchoconstriction oug 1'ng atigue
Wheezing Headache
Chest tightness Chest pain
Dyspnea/air hunger Stomachache

Table 16.2 Differential diagnosis of exercise-induced bronchoconstriction
Respiratory Intra- and extrathoracic tracheal disorders causing tracheal narrowing,
uncontrolled asthma, viral or bacterial respiratory infection, emphysema

Cardiac Coronary artery disease, arrhythmia/tachycardia, congenital defect,
idiopathic arterial hypoxemia of exercise, valvular heart disease,
congestive heart failure

Neuro/muscular Deconditioning, metabolic disorders, neuromuscular disorders
Psychogenic Vocal cord dysfunction, malingering for secondary gain
Gastrointestinal Gastroesophageal reflux disease
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vocal cords at the time of symptoms can confirm the diagnosis. Physicians should
be cautious of overdiagnosis of EIB since some literature suggests that the most
common cause of exercise-induced symptoms is deconditioning. As suggested by
the differential, physical examination is important to rule out other etiologies as
well as comorbid conditions, such as rhinosinusitis. Baseline spirometry is often
normal in patients with EIB, especially in highly conditioned athletes.

Diagnosis

Diagnosis based on symptoms alone, which is neither specific nor sensitive, is often
unreliable because different patients have different subjective symptoms that may or
may not correlate with objective measures of EIB. Confirmation of asthma with a
reversal of 12 % FEV, on spirometry and a response of exercise-related symptoms
with therapy, such as with a -agonist, suggests the diagnosis of EIB. In some cases,
challenge tests may be necessary to confirm EIB.

Direct bronchoprovocation testing with methacholine or an indirect challenge,
such as eucapnic voluntary hyperpnea, hypertonic inhalation, exercise, and manni-
tol, can be used to assess the presence of airway hyperresponsiveness; however,
direct changes are more appropriate to rule out asthma than to diagnose EIB. An
exercise challenge test, sport specific if possible, may be the most reliable method
of diagnosing EIB in high-intensity athletes.

Exercise challenge tests (ECTs) are contraindicated in those with severe airflow
limitation and other unstable medical conditions (Table 16.3). Before the ECT
screening baseline electrocardiogram should be considered in those older than
60 years. Patients should be advised to arrive at the test dressed to exercise, after
eating only a light meal, and they should not have exercised within 2 h of the exer-
cise challenge test. This latter requirement is secondary to a “refractory period”
which is induced by the release of protective prostaglandins, which cause airway
smooth muscle tachyphylaxis to mediators of bronchoconstriction. The refractory
period may persist up to 2 h following exercise and raises the risk of false-negative
ECT results.

During testing, the patient’s FEV, is measured at baseline and then at frequent
intervals after exercise. Pulmonary function testing should be done while the
patient is in a seated position. Tests are performed at 5, 10, 15, 20, and 30 min after

Table 16.3 Contraindications to exercise challenge test

Respiratory Low FEV, <50-60 % predicted; technical inability to perform spirometry

Cardiovascular Myocardial infarction or stroke within 3 months; unstable angina;
malignant arrhythmia; uncontrolled blood pressure >200/100; aortic
aneurysm

Orthopedic Inability to perform specified exercise

FEV, forced expiratory volume in 1 s
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exercise, and, some suggest even at 1 and 3 min post exercise. Two to three tests are
performed at each time interval, with variability of an accurate test of less than
0.2 L between the two top tests. The diagnosis of EIB is suggested by a reproduc-
ible decline of 10 % in FEV|, even though some researchers prefer a 15 % decline
of FEV,. The response of the normal individual to exercise should be an increase
in FEV,. Peak flow may be used if spirometry is not available, but the results are
less valid.

Exercise challenge may be performed via cycle ergometer, treadmill, free run-
ning, or step testing. Bronchoconstriction may be easier to provoke with treadmill
exercise due to a faster increase in minute ventilation. Cycling is easier than tread-
mill testing, especially for those with lower extremity weakness or arthritis, and it
will identify most patients with EIB. Field testing of the athlete in his or her chosen
event would be most specific although not always practical. To achieve adequate
exercise level for testing, patients should reach 80-90 % of their maximum pre-
dicted heart rate (220 minus age), or 30—40 mL/kg oxygen consumption. It is impor-
tant for the patient to reach target heart rate quickly to prevent the development of
the refractory period. With the exception of field testing, inspiration of dry, cold
compressed air and use of a nose clip to force mouth breathing provide more sensi-
tive testing and are recommended by the American Thoracic Society. The goal is
8 min of exercise with 6 min near the desired target rate.

If a patient is unable to exercise for whatever reason, stationary hyperventilation
may be an adequate alternative. This is usually performed with the patient breathing
air with a fixed concentration of carbon dioxide to prevent hypocapnia from hyper-
ventilation. The goal is to achieve 60—70 % maximal voluntary ventilation. Eucapnic
voluntary hyperventilation (EVH) is sensitive and may be equal or superior to cold
air exercise challenge in the identification of airway hyperresponsiveness in elite
cold-weather athletes. The eucapnic hyperventilation testing has a limited role
because it is expensive and difficult to perform and equipment is rarely available;
however, most consider it the best surrogate marker for EIB.

Airway Hyperreactivity Testing as a Surrogate to EST

Direct Tests

As noted above direct challenges and indirect challenges have been used as surro-
gate markers for diagnosing EIB when ECT is not available. The direct challenges
to include histamine and methacholine are very sensitive and should identify most
asthmatic patients and are best to use to exclude the diagnosis of asthma. Because
the mechanism is direct stimulation of bronchoconstriction, it is considered less
appropriate to use as a surrogate of EIB.

Indirect tests, to include mannitol, EVH, and hypertonic saline, cause an osmo-
larity strain across the epithelial cells resulting in similar changes in the airway that
EIB causes. For this reason indirect tests are preferred. Some have suggested that
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mannitol inhalation testing may be ideal for the diagnosis of EIB. It has correlated
well when compared to eucapnic hyperventilation in a study of EIB in summer
athletes, remaining sensitive for diagnosis, but is less expensive and easier to per-
form than hyperventilation testing. The concern is that manufacturing mannitol is
extremely difficult and it is no longer produced in the USA.

Pathophysiology

Within the first few minutes of exercise, bronchodilation secondary to endogenous
catecholamine release occurs as a reflexive response, even in some asthmatic
patients. This lasts through exercise and even up to 20 min post exercise in some
patients. Contrary to this dilation is that airway obstruction in those with EIB usu-
ally peaks 5-10 min after aerobic exercise with recovery after 30—60 min. The
clinician should be aware that some patients present with symptoms during,
instead of after, exercise. Unlike asthma exacerbations secondary to other etiolo-
gies, the occurrence of a late reaction following pure EIB in the absence of aller-
gen challenge is unusual, but it has been reported. Boulet et al. and Chhabra et al.
showed a late response in 30 % and 50 % of EIB patients, respectively, following
exercise. Unfortunately, there were no predictors as to who was at risk for this
phenomenon.

Two theories have been described to explain the pathophysiology of EIB. They
are not mutually exclusive and may or may not be the same as the pathology involved
in chronic asthma. The first was described in 1986 and is often referred to in the
literature as the thermal hypothesis. According to this theory, airway cooling is less
of a problem than the rapid rewarming of the airways that follows exercise. Rapid
rewarming leads to reactive hyperemia and airway wall edema that contributes to
airway narrowing and bronchoconstriction with mediator release. By preventing
airway rewarming, the obstructive bronchial response is abrogated. If athletes avoid
rewarming by breathing cold air instead of warm air during their recovery period
post exercise, FEV, decline was reduced from 25 % to less than 10 %. This thermal
theory has been debated since EIB occurs with hot, dry air as well.

The second theory, the osmotic hypothesis, states that neither cooling nor
rewarming is necessary. The osmotic theory espouses water loss in the airway fol-
lowing hyperpnea as the pathologic cause. This leads to increased airway osmolar-
ity and dehydration of airway epithelial cells and activation of mast cells. In support
of the osmotic hypothesis, lung mast cells have been demonstrated to release hista-
mine with a transient osmotic stimulus, and products of mast cells are increased in
EIB. Cysteinyl leukotrienes (LTC4, LTD4, and LTE4), prostaglandins, histamines,
and cytokines are released from mast cells and facilitate bronchoconstriction,
increase mucus secretion, influx of eosinophils, and increase vascular permeability.
The end result is influx of inflammatory cells, contraction of smooth muscle,
increased mucus production, airway wall edema, and epithelial cell desquamation,
all compromising the caliber of the airway.
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Treatment

With proper treatment, EIB should not limit physical activity. A management plan
for EIB includes pharmacologic and nonpharmacologic treatments. If possible,
athletes should schedule exercise to avoid the coolest time of the day since cold
air carries less water content, high pollen time for those with coexistent allergies
and high pollution times. Patients should warm up and cool down following exer-
cise for 10-15 min. Warming up may induce the refractory period and protect
from EIB for several hours. Boulet and O’Bryne in a 2015 manuscript in the
NEJM suggest that short sprints may be more effective warm-up than lower aero-
bic exercise.

If possible, breathing through the nose, rather than the mouth, facilitates the
warming and humidification of dry air, minimizing the osmotic changes that can
trigger EIB. Facemasks during sports in cold environments may decrease EIB for
the same reasons. Interestingly, by improving overall aerobic fitness, athletes
decrease their minute ventilation required for the same amount of work, limiting
airway drying and EIB. By this method, regular exercise may help reduce EIB. For
this reason, regular exercise and conditioning should be encouraged and not limited
in those with EIB.

As alternative medicine becomes more popular, some patients may inquire about
other nonmedicinal treatment modalities, such as diet. There are some preliminary,
although not conclusive, data that suggest dietary salt restriction may improve
EIB. Other alternative therapies that may have some merit include vitamin C, other
antioxidants, fish oil, and magnesium. The best dietary intervention is hydration to
reduce the possibility of dehydrating the airway.

Short acting -agonists (SABAs) inhibit EIB for up to 3—4 h and are the first-line
prevention and treatment of EIB. Usually two to four puffs of a short-acting inhaled
bronchodilator, such as albuterol, 15 min before exercise will inhibit EIB. The regu-
lar use of SABA may lead to refractoriness to the protective effects and reduce the
rescue effect of SABA for EIB.

Long-acting bronchodilators may also provide protection from EIB symptoms.
Formoterol decreases symptoms of EIB after a single dose and with regular use.
Formoterol has a faster onset of action than salmeterol and may be given 15 min
prior to exercise, whereas salmeterol requires earlier administration at least
60-90 min before anticipated activity. These long-acting bronchodilators and the
newer ultra-long-acting beta-agonists provide protection for a longer duration of
time, up to 12 h after administration, and may be an option for activities that may
last longer than a few hours. However, the regular use of long-acting bronchodila-
tors should be discouraged as solo therapy if used regularly because of tolerance
and decrease response to albuterol. The benefits and disadvantages of the newly
released once-a-day beta-agonists are anticipated to be similar, and it is expected
that the adverse effects on EIB will outweigh their benefits. Other side effects of
[-agonists commonly include tremor and increased heart rate, which could adversely
affect performance in some athletes.
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Mast cell stabilizers may also be used prophylactically for EIB. Two puffs of
either nedocromil sodium or cromolyn sodium before exercise provide significant
protection from EIB and were superior to placebo. A meta-analysis by the Cochrane
Database regarding mast cell-stabilizing agents in the prevention of EIB involved
518 participants in 24 trials in 13 countries. Patients on mast cell stabilizers had a
7.1 % decline in FEV, versus a 13.8 % decline with anticholinergic agents, but nei-
ther was as effective as -adrenergic agonists. Mast cell stabilizers are not effective
for aborting symptoms of EIB and are useful as prophylactic agents only. The mech-
anism of action of sodium cromoglycate and nedocromil sodium may include action
on ion channels involved in cell volume regulation as well as inhibition of mediator
release. The mast cell stabilizers have a very favorable and minimal side effect pro-
file, but neither is presently available in the USA.

Leukotriene receptor antagonists (montelukast and zafirlukast) and the
5-lipoxygenase inhibitor zileuton also have proven efficacy in the treatment of
EIB. Urinary leukotrienes, which are increased following exercise in those with
EIB, decline with montelukast treatment. Montelukast and zafirlukast provide pro-
tection from EIB within 1 h of ingestion and provide protection from EIB up to at
least 12 h, with efficacy proven to 20 and 24 h for montelukast. Zileuton, because of
a shorter half-life, provided protection only up to 4 h. In a comparison of montelu-
kast and salmeterol, although initial efficacy in reduction of EIB was similar with
both medications, at 8 weeks, montelukast was superior to salmeterol, as a result of
tolerance to salmeterol.

Other effective treatments for EIB include inhaled corticosteroids. Inhaled corti-
costeroids decrease asthma exacerbations, including exacerbations secondary to
exercise. For example, budesonide, at a dose of 100-400 pg per day, provided 80 %
protection from EIB symptoms. Corticosteroids decrease mast cells and eosinophils
and improve integrity of the epithelial cell airway lining. When used regularly, an
inhaled steroid demonstrated better protection from EIB than montelukast.

Experimental therapies such as inhaled furosemide, indomethacin, and heparin
have also been described in the treatment of EIB but require further study. Furosemide
inhibits NAK2CL transport and may inhibit EIB by a mechanism similar to cromo-
lyn. Inhaled indomethacin may inhibit local prostaglandin synthesis and/or ion trans-
port, protecting against EIB. Inhaled heparin may inhibit mast cell mediator release.
These latter treatments should only be used in research at this time.

Special Considerations

Many famous sports figures, such as Pittsburgh Steeler Jerome Bettis and track and
field athlete Jackie Joyner-Kersee, have succeeded in competitive sports despite
having asthma. Elite athletes compose of a special group at risk for EIB. A high
prevalence of bronchial hyperreactivity to methacholine of almost 50 % has been
demonstrated in elite athletes. The majority of these athletes had no personal or
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Table 16.4 Sports and risk High-risk sport Lower risk sport
for exercise-induced asthma -
Cross-country skiing Baseball
Figure skating Swimming
Ice hockey Football (American)
Distance running
Basketball
Swimming

family history of asthma prior to this testing. The pathologic findings in this popula-
tion are the result of the extreme conditions under which these athletes compete and
train, rather than the asthma that is typical of that seen in allergic asthma. The
changes described in detail earlier, especially in response to airway dehydration
with hyperpnea, can occur in normal individuals without a history of asthma.
Repetitive exercise, especially, but not limited to, elite athletes, can cause an increase
in IL-8, a potent neutrophil chemoattractant, leading to an influx of neutrophils.

Environmental factors, including pollutants, may further worsen the changes in
the airway. These changes are noted in 76 % of elite swimmers secondary to the
effects of chlorine. Similarly, ice skaters are exposed to increased levels of nanopar-
ticles from the ice cleaners as well as dry cold air. Alpine skiers and cross-country
skiers are also at risk secondary to the extreme cold and dry air. As elite athletes
show pathologic changes in their airways consistent with chronic inflammation,
regular treatment with inhaled corticosteroids is often suggested; however, since the
inflammation is often neutrophilic, it is often refractory to inhaled corticosteroids
(Table 16.4). Seasonal outdoor activities are also more likely to expose athletes to
high pollen and mold counts, which could worsen bronchospasm in susceptible
atopic individuals.

Scuba

Scuba divers are at particular theoretical risk for EIB, which may be life threatening
during dives. Since there are nearly nine million sport divers in the USA alone, this
is an important consideration for physicians. Approximately 7 % of scuba divers
have asthma, similar to the incidence of asthma in the general population. These
asthmatic divers may risk higher chance of decompression-related illness and arte-
rial gas embolism by the following mechanism. According to Boyle’s law, there is
an inverse relationship between the pressure and the volume of a gas. As ascent
occurs and pressure decreases, the gas expands, increasing its volume, which with
air trapping can cause barotrauma. Furthermore, scuba divers breathe cold, dry air
that may exacerbate EIB by mechanisms described earlier in this chapter. This,
along with possible inhalation of aerosolized hypertonic saline from faulty regula-
tors, aeroallergens introduced when tanks are filled, as well as increased exertional
work of breathing, may lead to bronchospasm. The concern of barotraumas is the
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risk of pneumothorax and pneumomediastinum. In addition there is a high risk of
sinus and ear barotrauma in those with asthma due to rhinitis. The Thoracic Society
of Australia and New Zealand recommends that at-risk divers undergo pulmonary
function testing with a cold, dry air inhalation challenge. For those with a positive
challenge test, diving should not be advised. A history of recent active asthma
within the past 5 years may also be a contraindication (see section “Evidence-Based
Medicine” for more information).

Hiking

High-altitude sports also require special consideration for those with EIB. At higher
altitudes, the air is cooler and drier, and high elevation hikers are at risk for hypoxia.
However, Boner et al. documented improved function in asthmatics at higher alti-
tude, hypothesizing that it may be secondary to decreased pollen and dust mite
allergen concentrations, less pollution at these altitudes, and decrease density of air.

Conclusion

EIB is very common in the general population as well as in elite athletes. Exercise
should be encouraged rather than limited because with proper diagnosis and treat-
ment, EIB should not limit performance. Part of the responsibility of the physician
caring for patients with EIB includes education of the public. In several studies,
despite the high prevalence of EIB in children, teachers and coaches did not demon-
strate knowledge of the condition or its management. Even physicians are rarely
aware of the benefits of exercise for those with asthma. Meta-analysis suggests that
exercise has multiple benefits for patients with asthma and routine daily exercise
should be encouraged. Warming up, hydration, cooling down, using anti-
inflammatory therapy when indicated, and pretreatment with albuterol should allow
the vast majority of patients with asthma to exercise.

Evidence-Based Medicine

Recent studies have demonstrated that regular aerobic exercise can improve asthma.
A study by Franca-Pinto et al. demonstrated that regular aerobic exercise could
reduce asthma exacerbations and symptoms. In the study 58 patients were randomly
assigned to a “sham” group or an aerobic training group and followed for 3 months.
Bronchial hyperresponsiveness (BHR), serum cytokine, and the Asthma Quality of
Life Questionnaire (AQLQ) were evaluated at the beginning and end of the study. It
was found that the treatment group had decreased BHR, interleukin 6 (IL-6), and