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Abstract

Corticosteroids are adrenal hormones that play important physiologic roles including
modulation of glucose metabolism, protein catabolism, alteration of calcium metabolism,
regulation of bone turnover, suppression of immune system, and down-regulation of the
inflammatory cascade. Because of their diverse effects, corticosteroids have been used
therapeutically for treating a wide variety of auto-immune, rheumatologic, inflamma-
tory, neoplastic and infectious diseases. In the field of pulmonology, corticosteroids have
been used for the treatment of reactive airway diseases (such as asthma and allergic bron-
chopulmonary aspergillosis), chronic obstructive pulmonary disease, sarcoidosis, colla-
gen vascular diseases (such as vasculitic disorders), eosinophilic pneumonitis, idiopathic
interstitial pneumonias and infectious disorders (such as laryngotracheobronchitis).
Different formulations of corticosteroids are commercially available including tablets,
intravenous injections, intramuscular formulations and inhaled preparations. Long-term
use of corticosteroids is often limited by their adverse effects, which include abnormal fat
deposition, weight gain, diabetes mellitus, cataracts, glaucoma, osteoporosis, osteonecro-
sis, elevated risk of fractures, increased susceptibility to infections, proximal myopathy,
depression, psychosis, adrenal atrophy with risk of Addisonian crisis, abdominal striae,
acne vulgaris, delayed wound healing, easy bruising, electrolyte abnormalities and
increased risk of peptic ulcer disease. As our understanding of corticosteroids advances,
we may be able to identify individuals at higher risk of experiencing adverse effects.

Keywords: corticosteroids, glucocorticoids, respiratory diseases, airway disorders,
asthma, chronic obstructive pulmonary disease, pneumonia, sarcoidosis

1. Introduction to corticosteroids

Corticosteroids are steroid hormones produced by the adrenal gland. Adrenal glands con-
stitute the endocrine system of the body and are a pair of pyramidal shaped glands located
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just above the kidneys on either side of the body. Because of their location, they are also
known as suprarenal glands and are perfused by suprarenal arteries, which arise on either
side from renal arteries [1]. These endocrine glands are important as they secrete a number
of hormones into the blood, which play a vital role in maintaining homeostasis. With respect
to the structure of the adrenal glands, they consist of an outer cortex and inner medulla. The
adrenal medulla secretes catecholamines (epinephrine and norepinephrine), which are stress
hormones and are mediators of the sympathetic autonomic nervous system [2]. The adrenal
cortex itself comprises of three layers viz. zona glomerulosa, zona fasciculata and zona reticu-
laris. These three layers are responsible for secreting mineralocorticoids, glucocorticoids, and
adrenal androgens (sex hormones) respectively [3]. As the name suggests, mineralocorticoids
are responsible for maintenance of fluid and mineral (electrolyte) balance; the chief miner-
alocorticoid is aldosterone. Glucocorticoids are involved in regulating glucose metabolism
(glycolysis and gluconeogenesis) and storage (glycogenesis and glycogenolysis); the proto-
type glucocorticoid is cortisol. The primary adrenal androgen is dehydroepiandrosterone and
possesses virilizing properties. Cortisol and other related hormones (such as 11-deoxycortisol
and corticosterone) are collectively referred to as corticosteroids [4].

2. Physiologic effects

Corticosteroids play important physiologic roles in the human body and are referred to as
“stress hormones” as they prepare the body during periods of physiologic stress. One of the
most important actions of corticosteroids is their ability to up-regulate glucose synthesis [5].
Glycogen is the principal storage form of glucose in humans and is stored in various organs
of the body, especially the liver. Glycogen is a multibranched polysaccharide and its structure
consists of a core protein (glycogenin), which gives off multiple branches composed of glucose
monomers [6]. Glycogen is produced by a biochemical pathway known as glycogenesis, which
occurs chiefly in the liver. Glycogen is broken down during periods of fasting to provide a sup-
ply of glucose monomers. Glucose monomers can be utilized by all cells of the body through
the processes of glycolysis. Pyruvate produced during glycolysis can then produce acetyl-
CoA which can enter the Krebs cycle. Oxidation of glucose (in conjunction with the electron
transport chain) produces adenosine 1,4,5-triphosphate (ATP), which is the energy currency of
the cell. Stress hormones (such as catecholamines) generally up-regulate gluconeogenesis and
glycogenolysis to induce hyperglycemia, which helps in fulfilling energy demands of vari-
ous cells of the body [7]. Corticosteroids also induce fasting hyperglycemia by up-regulating
gluconeogenesis; this is achieved by increasing expression of several key enzymes involved
in gluconeogenesis including phosphoenol pyruvate-carboxykinase, fructose-1,6-bisphospha-
tase and glucose-6-phosphatase [8]. Cortisol and other corticosteroids are unique in that they
up-regulate gluconeogenesis while inhibiting glycogenolysis. This seemingly contradictory
effect of corticosteroids is important in intrauterine life when release of cortisol from the fetal
adrenal gland helps in building glycogen stores in the fetal liver to prepare for delivery.

Protein metabolism is also affected by corticosteroids. Increased catabolism of proteins to
amino acids provides a supply of alanine, which can be converted to glucose by the process of
gluconeogenesis. Cahill cycle (glucose-alanine cycle) refers to a series of chemical reactions in which
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amino groups and carbon skeletons from muscles are transported to the liver in the form of
alanine, which are subsequently converted to glucose [9]. An essential enzyme for Cahill cycle
is alanine aminotransferase (ALT), which is present in both muscles and liver. Alanine amino-
transferase (also known as serum glutamate-pyruvate transaminase [SGPT]) is responsible for
transferring an amino group from alanine to a-ketoglutarate, which results in the production of
pyruvate and glutamate [10]. Pyridoxal phosphate is a co-factor for this reaction and is formed
from pyridoxine (vitamin B). As corticosteroids up-regulate protein catabolism, they induce a
state of negative nitrogen balance in the body, which is important during periods of starvation.

Corticosteroids have important effects on bone turnover and affect bone mass. Bone is a type
of connective tissue composed of osteocytes, osteoblasts and osteoclasts [11]. Osteoclasts
are derivatives of the reticuloendothelial system and are responsible for bone resorption.
Osteoblasts are mesenchymal origin cells and are responsible for giving rise to osteocytes—
the mature cells that make up bones. Osteoclasts and their progenitors express a receptor on
their surface for nuclear factor-«B (NFkB) commonly referred to as RANK. Ligand for RANK
(known as RANKIL) is expressed on the surface of osteoblasts and RANK-RANKL interaction
is necessary for the differentiation and formation of osteoclasts [12]. Osteoprotegerin (OPG)
is a cytokine receptor that is secreted by stromal cells and osteoblasts, which acts as a decoy
receptor for RANKL. Secretion of OPG is one of the mechanisms by which the body prevents
excessive resorption of bones. Due to this reason, OPG is sometimes also referred to as “osteo-
clastogenesis inhibitory factor.” Corticosteroids can affect bone turnover by inhibiting the
secretion of OPG and increasing RANK-RANKL interaction, which leads to enhanced forma-
tion of osteoclasts. By tipping the balance in favor of osteoclasts, corticosteroids favor bone
resorption and loss of mineral bone mass [13]. Calcium homeostasis in the body is tightly reg-
ulated by a number of hormones including parathyroid hormone (PTH), calcitonin and other
hormones. Under physiologic conditions, serum calcium level is not drastically affected by
corticosteroids. However, in pathologic states including Cushing’s syndrome and Addison’s
disease, hypocalcemia and hypercalcemia (respectively) may be occasionally seen.

Vascular tone is also affected by corticosteroids, which has important implications during
states of physiologic stress. Under resting conditions, cortisol and other corticosteroids are not
necessary for maintaining vascular tone. However, during periods of stress, corticosteroids
have a “permissive effect” for catecholamines and help in maintaining the vascular tone [14]. In
patients with severe deficiency of glucocorticoids (such as Addison’s disease), catecholamines
are ineffective in increasing the blood pressure; this may manifest clinically as overt or ortho-
static hypotension. This is especially important for patients with severe sepsis (or septic shock),
myxedema coma, pituitary apoplexy and other diseases. Presence of stress hormones (includ-
ing thyroid hormones and corticosteroids) is necessary for the optimal action of catecholamines,
which helps in the maintenance of vascular tone and blood pressure [15]. This in turn maintains
adequate perfusion of vital organs and allows the body to cope with physiologic stress.

Fluid status of the body is principally controlled by steroid hormones. Mineralocorticoids (such
as aldosterone) are primarily responsible for maintaining the fluid and salt balance in the body.
Renin is a hormone secreted by the juxtaglomerular apparatus of nephrons, which is responsible
for cleaving angiotensinogen to angiotensin I. Angiotensinogen is produced in the liver and is a
precursor to angiotensin I, which is produced in the circulation by action of renin. Angiotensin
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I is then converted to angiotensin II in the pulmonary microvasculature through the action of
dipeptidyl peptidase (commonly referred to as angiotensin converting enzyme [ACE]) [16].
Angiotensin II has at least four important effects in the body: (a) stimulation of aldosterone
synthesis and secretion; (b) increasing thirst; (c) vasoconstriction; and (d) enhancing activity of
sodium (Na*)-hydrogen (H") exchanger in the proximal convoluted tubule of nephrons. The
overall impact of angiotensin Il is to retain salt and water with expansion of the effective circulat-
ing volume [17]. Aldosterone leads to further expansion of the extracellular fluid by increasing
reabsorption of sodium (Na*) and chloride (Cl') in the distal convoluted tubule of nephrons. At
the same time, aldosterone increases tubular secretion of potassium (K*) and loss of hydrogen
(H") ions in the urine, which can potentially induce hypokalemia and metabolic alkalosis respec-
tively. The overall effect of the renin—angiotensin—-aldosterone system (RAAS) is to retain salt and
water, thereby expanding the effective circulating volume and blood pressure. Although corti-
costeroids possess mainly glucocorticoid effects, they do have weak mineralocorticoid effects at
physiologic concentrations. In disease states, and when used therapeutically, corticosteroids can
have substantial mineralocorticoid activity with clinically significant effects on the body [18].

A number of other effects are also possessed by corticosteroids, which are not evident in physi-
ologic states; however, in disease states, these actions can result in protean manifestations.
Corticosteroids are necessary for optimal functioning of the body and excess or deficiency of
these hormones can manifest as Cushing’s syndrome or Addison’s disease respectively. Cushing
syndrome is most commonly iatrogenic and results from exogenous use of steroids, although it
can also result from cortisol or adrenocorticotrophic hormone (ACTH)-secreting tumors (such
as pituitary adenoma, adrenal adenoma or carcinoma, small cell carcinoma of lung, etc.) [19].
Common features of this disease include obesity, buffalo lump (lipodystrophy), moon facies,
purple abdominal striae, easy bruising, depression, psychosis, cataracts, glaucoma, hyperten-
sion, hypokalemia and hypocalcemia. On the other hand, Addison’s disease can be caused by
auto-immune destruction of the adrenal gland (in developed countries) or infiltration of the adre-
nal gland by infections such as tuberculosis (in developing countries). Hypocortisolism mani-
fests as weakness, fatigue, weight loss, hyperpigmentation of skin (due to increased release of
ACTH from the pituitary gland), hyponatremia, hyperkalemia, orthostatic or resting hypoten-
sion, hypercalcemia, basophilia and/or eosinophilia [20]. Treatment of these diseases is directed
at restoring the balance of steroid hormones back to normal. In the case of Cushing syndrome, the
underlying cause is addressed (e.g. removal of primary tumor); rarely, bilateral adrenalectomy
with exogenous replacement of steroids may be required. In Addison’s disease, replacement of
steroid hormones is generally needed for life. These two diseases exemplify the importance of
corticosteroids and the deleterious consequences of their excess or deficiency on the human body.

3. Mechanism of action

From a therapeutic standpoint, corticosteroids have been exploited most for their anti-inflam-
matory and immunosuppressive effects [21]. While these properties of corticosteroids are not
evident during physiologic states, they are clinically important in the treatment of numerous
diseases including auto-immune diseases, neoplastic diseases, inflammatory disorders, rheu-
matologic conditions and infectious diseases (in conjunction with other drugs).
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Inflammation is the response of the body to any noxious stimulus with an aim to eliminate
the noxious stimulus and start the process of tissue repair. Inflammatory response of the body
involves leukocytes, chemical mediators and vascular changes. Acute inflammation begins with
a series of vascular changes that increases blood flow to the inflamed tissue. Chemical media-
tors of inflammation, such as histamine and serotonin, cause arteriolar vasodilation and venous
vasoconstriction. This in turn promotes the exudation of fluid from the intravascular compart-
ment to the interstitial space [22]. Leukocytes are then recruited to the area of inflammation
through the expression of selectins on endothelium and integrins on leukocytes. Selectins are
responsible for weak binding of leukocytes to the endothelium, which results in “rolling” of
leukocytes along the endothelium. On the other hand, integrins are responsible for high-affinity
binding of leukocytes (“adhesion”) to the endothelium with pavementing of the endothelium
with leukocytes. Through the interaction of various cell surface molecules, such as platelet-endo-
thelial cell adhesion molecule-1 (PECAM-1), leukocytes migrate through the microvasculature
into the interstitium [23]. Neutrophils, monocytes and macrophages can phagocytose microbes
and other offending agents by binding to their pathogen-associated molecular patterns (PAMPs)
using pattern recognition receptors (PRRs). Following phagocytosis, microbes are trapped
inside vacuoles called “phagosomes,” which are then fused with lysosomes to form phagoly-
sosomes. Microbes and dead cells are thus degraded through the action of hydrolytic enzymes
present inside lysosomes. Neutrophils and macrophages can also generate free radicals through
the action of enzymes, which can damage different micro-organisms and offending agents [24].

A number of chemical mediators play a crucial role in the process of inflammation. These
include biogenic amines, prostaglandins, leukotrienes, lipoxins, cytokines, chemokines, com-
plement proteins, bradykinin, nitric oxide and other molecules [25]. Histamine and serotonin
are biogenic amines and mediate vascular changes implicated in acute inflammation; hista-
mine also causes bronchoconstriction. Prostaglandins are eicosanoids and have a variety of
actions in the body. PGE, is the mediator of pain, PGF, causes increased vascular permeabil-
ity, PGI, (prostacyclin) causes vasodilation and thromboxane A, causes platelet aggregation
and vasoconstriction. Leukotrienes are derivatives of arachidonic acid and mediate broncho-
constriction. Lipoxins are lipid-derived autacoids that have a modulatory effect on the overall
process of inflammation [26]. Bradykinin is a product of the kinin cascade and is derived by the
action of kallikrein on high-molecular weight kininogen. This molecule irritates bronchiolar
smooth muscle and mediates cough and vasodilation. Nitric oxide is released from endothe-
lium and causes vasodilation. Complement cascade plays an important role in inflammation
and is a part of the humoral immune system. Some complement proteins act as opsonins and
anaphylatoxins. C5a, a complement protein, also causes chemotaxis of leukocytes to the area
of inflammation. Cytokines are a group of small protein molecules that play various roles in
the body including chemotaxis of leukocytes (chemokines), communication between leuko-
cytes (interleukins), mounting fever (pyrogens) and so on [27]. All these chemical mediators
play a crucial role in mounting an inflammatory response and pharmacologic interruption of
their actions can blunt or modulate the inflammatory response.

Phospholipase A, is an enzyme that is responsible for the synthesis of arachidonic acid from
phospholipids present in cell membranes of various cells. Arachidonic acid is an important
lipophilic compound that serves as the precursor for the synthesis of prostaglandins, thrombox-
ane A, leukotrienes and lipoxins (Figure 1). Cyclooxygenase is an enzyme that is responsible
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Figure 1. Arachidonic acid metabolism with cyclooxygenase and lipoxygenase pathways. HPETE = hydroperoxyei-
cosatetraenoic acid.

for the formation of prostaglandins from arachidonic acid. Non-steroidal anti-inflammatory
drugs (NSAIDs) and acetaminophen exert their anti-inflammatory effects by inhibiting cyclo-
oxygenase and preventing formation of prostaglandins and thromboxane [28]. Arachidonic
acid can also be acted upon by 12-lipoxygenase that results in the formation of lipoxins A, and
B,, both of which modulate inflammation by inhibiting neutrophil adhesion and chemotaxis.
Another enzyme, 5-lipoxygenase, is involved in the synthesis of leukotrienes from arachidonic
acid. Leukotrienes C,, D, and E, induce bronchospasm, vasoconstriction and increased vascu-
lar permeability. Synthesis of arachidonic acid is inhibited by corticosteroids and this effect of
corticosteroids is exploited therapeutically for treating inflammatory disorders [29].

The anti-inflammatory effects of corticosteroids are chiefly achieved by altering the synthesis of
chemical mediators of inflammation. When commercially available corticosteroids are adminis-
tered therapeutically, these molecules are readily absorbed and penetrate into various cells of the
body due to their highly lipophilic nature. Glucocorticoids enter the cytosol of cells and bind to
the glucocorticoid receptor. The glucocorticoid—receptor complex can repress the expression of
pro-inflammatory genes by preventing translocation of certain transcription factors (especially
NF«B) from the cytosol into the nucleus [30]. Moreover, the glucocorticoid-receptor complex can
translocate into the nucleus and up-regulate transcription of anti-inflammatory genes by binding
to “zing fingers” of glucocorticoid-response elements (GRE). Glucocorticoids inhibit transloca-
tion of NF«B by inducing the expression of IikBa inhibitory protein, which sequesters NFxB in
the cytosol and prevents transcription of pro-inflammatory genes [31]. This is in turn inhibits the
expression of pro-inflammatory genes and results in a blunted inflammatory response.
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One of the most important effects of glucocorticoids is the modulation of gene expression
of enzymes involved in the metabolism of arachidonic acid. Most notably, glucocorticoids
reduce the expression of the enzyme phospholipase A, which is responsible for the forma-
tion of arachidonic acid [32]. By inhibiting the formation of arachidonic acid, synthesis of
prostaglandins, lipoxins, leukotrienes and thromboxane is inhibited. Since arachidonic acid
metabolites mediate several key steps in the process of inflammation, their inhibition results
in a blunted inflammatory response. Consequently, margination, chemotaxis and phago-
cytosis by phagocytes are inhibited by corticosteroids, which manifests as an overall anti-
inflammatory effect. Additionally, through inhibition of the NFkB pathway, inflammatory
cells begin to produce anti-inflammatory cytokines, which down-regulate the overall immune
and inflammatory response. This has important therapeutic implications for the treatment of
many diseases in which chronic inflammation lies at the core of their pathogenesis [33].

4. Formulations

Different formulations of corticosteroids are commercially available and have been used in
a variety of diseases. Tablets, intravenous formulations and intramuscular preparations are
available for systemic use. Systemic formulations are generally more efficacious as compared
to other formulations (such as inhaled or topical steroids). However, this greater efficacy
comes at the cost of increased adverse effects, which may be substantial in some cases [34].
Oral formulations are available for various corticosteroids with the most popular ones being
prednisolone, methylprednisolone, hydrocortisone, and dexamethasone. Given the lipophilic
nature of steroids, adequate absorption of steroids is achieved in most patients as they read-
ily cross cell membranes of enterocytes [35]. Oral formulations are convenient for patients
who require chronic use of steroids, such as lung transplant recipients. Tablets are the most
commonly used oral formulation of corticosteroids. Prednisone syrup and dexamethasone
oral solution or elixirs are also available, which may be useful for pediatric patients and those
with feeding tubes. Conversion from one systemic steroid to another requires knowledge of
equipotent dosages, which are provided in Table 1. Frequency of dosage is determined by
the half-life and duration of action for individual corticosteroids; for instance, hydrocortisone
lasts for 8-12 hours whereas dexamethasone may last for 36-72 hours [36].

Parenteral systemic formulations of steroids are also available and have a number of impor-
tant uses. Intramuscular preparations of steroids, such as methylprednisolone or triamcino-
lone acetonide, are often used to provide a delayed release of steroids over a prolonged period
of time with a relatively steady plasma concentration. Intravenous methylprednisolone and
hydrocortisone are often used in patients with life-threatening or organ-threatening inflam-
matory conditions. Very high doses of steroids can be given intravenously (termed ‘pulse
therapy’), which have been postulated to have physicochemical effects on plasmalemma of
various cells, which may modulate the function of transmembrane proteins [37]. Steroid ther-
apy has also been employed via many other parenteral routes of administration. Intralesional
triamcinolone acetonide injections have been used for the treatment of several dermatologic
disorders, such as keloids, alopecia areata, granuloma annulare, lichen planus and psoriasis.
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Steroids Dexamethasone Methylprednisolone Prednisone Hydrocortisone Fludrocortisone
Glucocorticoid 0.75mg 4mg 5mg 20 mg -

effect’

Mineralocorticoid - - 50 mg 20 mg 100 mcg

effect’

Duration of 36-72 hours 12-36 hours 12-36 hours 8-12 hours 12-36 hours
action (long) (intermediate) (intermediate) (short) (intermediate)

"Fludrocortisone has no glucocorticoid effect, while dexamethasone and methylprednisolone have negligible mineral-
ocorticoid effects

Table 1. Comparison of equivalent doses of various steroids.

Gout and other inflammatory joint disorders have been treated with intra-articular injections
of steroids. In the field of oncology, intrathecal administration of hydrocortisone along with
chemotherapeutic drugs has been used for the treatment of leukemia [38].

Inhaled preparations of corticosteroids come in the form of nebulizer solutions, metered-dose
inhalers or dry powder inhalers. Inhaled formulations are useful for the treatment of various
airway disorders as these preparations exert their maximal effects locally with minimal sys-
temic absorption. Consequently, the risk of systemic adverse effects is reduced, although oral
thrush, dysphonia and systemic adverse effects can still occur with long-term use [39]. Most
notably, children may have deceleration of growth velocity with the long-term use of cortico-
steroids [40]. In adults, long-term use of inhaled corticosteroids (ICS) may lead to accelerated
loss of bone mass and possible ophthalmic side-effects (such as increased intraocular pressure
and/or cataracts) [41]. The most commonly used inhaled steroids include beclomethasone,
fluticasone, budesonide and mometasone. Nebulized delivery of respiratory solutions pro-
vides the best delivery of medications to the lower airways when compared with metered-
dose inhalers or dry powder inhalers. Proper inhaler technique with or without the use of
spacer devices may provide equivalent effects with powder/inhaled forms of steroids as com-
pared to nebulizer administrations [42].

Topical formulations of steroids are available for use and have been utilized therapeutically
for a wide variety of dermatologic conditions. Like inhaled forms, topical use of steroids pro-
vides local effects on the skin with some systemic absorption. Consequently, local effects of
steroids are maximized, while systemic side-effects are minimized. However, use of a large
amount of topical steroids, especially if continued over a long period of time, can result in sig-
nificant systemic side-effects (as is the case with inhaled steroids) [43]. A number of vehicles
are available for the topical delivery of steroids including ointments, creams, lotions, gels,
foams and wet dressings. Topical steroids have been classified on the basis of their potency
into 7 categories viz. least potent, low potency, lower-mid potency, medium potency, high
potency, very high potency, and super-high potency. Using the correct vehicle and potency of
topical steroids is of utmost importance as inadvertent use of a weak steroid preparation may
lead to treatment failure, while use of a very potent topical preparation can lead to thinning
and atrophy of the skin [44]. It is important to bear in mind that the potency of topical steroids
is determined not only by the dermatologic diagnosis, but also by the area and extent of the
skin that is affected. For instance, genital skin or intertriginous areas are exquisitely sensitive
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to topical steroids, which make them suitable candidates for lower potency topical steroids.
On the other hand, skin of palms and soles have thick stratum corneum (the uppermost layer
of epidermis), which necessitates the use of more potent topical steroids.

5. Therapeutic use in respiratory disorders

Steroids have been approved for the use of various respiratory diseases for both pediatric
and adult populations. Both systemic and inhaled formulations of steroids have been utilized
for the treatment of various respiratory disorders. In most disorders, steroids exert a thera-
peutic effect through their anti-inflammatory or immunosuppressive effects [21]. In many
diseases, steroids can be given in the form of short intermittent courses; examples include
hypersensitivity pneumonitis, eosinophilic pneumonitis, allergic bronchopulmonary asper-
gillosis (ABPA), etc. In some diseases, such as bronchial asthma or chronic obstructive pulmo-
nary disease (COPD), inhaled steroids are continued on a long-term basis as a maintenance
therapy. Systemic steroid therapy may also be required on a long-term basis in patients with
systemic disorders or diseases refractory to other therapies, for instance sarcoidosis or col-
lagen vascular diseases. In many diseases requiring long-term immunosuppression, steroid-
sparing agents (such as azathioprine, mycophenolate, cyclosporine, tacrolimus, etc.) can be
introduced to taper off steroids and mitigate their long-term side-effects [45].

In the following lines, we discuss the use of corticosteroids in the management of various respi-
ratory disorders. A general overview of each of these diseases is provided and along with a holis-
tic view of how steroid therapy works in conjunction with other components of management.

5.1. Asthma

Bronchial asthma is a chronic inflammatory disorder of bronchi and bronchioles that results
in intermittent and reversible bronchospasm [46]. Clinical features of the disorder include
recurrent episodes of chest tightness, wheezing and shortness of breath. Most patients have a
diurnal variation in their symptoms with worsening shortness of breath and cough towards
the end of the day. Over time, patients tend to develop bronchial smooth muscle hypertro-
phy, goblet cell hyperplasia with hypersecretion of mucus, recruitment of eosinophils and
a state of chronic inflammation within the airways. Genetic predisposition to type I hyper-
sensitivity has been demonstrated in most patients with asthma, although environmental
factors also play a central role in triggering attacks of asthma [47]. Asthma has been clas-
sified into multiple subtypes depending on the type of triggers that precipitate attacks of
asthma viz. atopic asthma, non-atopic asthma, drug-induced asthma, occupational asthma,
and exercise-induced asthma. Atopic asthma is characterized by a personal or family history
of atopy, allergic rhinitis, eczema and hypersensitivity to allergens, such as pollens or dust
mites [48]. In non-atopic asthma, patients do not have hypersensitivity responses to allergens;
instead, attacks of asthma are precipitated by factors such as viral infections, cold tempera-
ture, inhaled gases (e.g. sulfur dioxide), etc. Drug-induced asthma is precipitated by drugs
such as NSAIDs or aspirin, which tip the balance towards increased synthesis of leukotrienes
with consequent bronchospasm. Likewise, occupational asthma is reportedly precipitated
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by exposure to chemicals (e.g. anhydrides, isocyanates, acids) in various industries, such as
paints, varnishes, adhesives and resins. Exercise-induced asthma is precipitated by exercise
and diagnostic testing at rest may be normal in such cases [49]. Irrespective of the type of
asthma, the core pathogenesis underlying all these types of asthma is similar.

The pathogenesis of asthma entails an inflammatory response affecting the bronchi and bron-
chioles, which is chiefly driven by a type 2 helper T (T,,2) lymphocytes. When an environ-
mental allergen is inhaled, antigen-presenting cells (APCs) engulf the allergen and present
it to T lymphocytes. As a consequence of this, a T ;2 cell-mediated inflammatory response is
mounted. T,,2 cells produce an array of cytokines including interleukin (IL)-2, IL-4, IL-5 and
IL-13. IL-2 acts upon other T lymphocytes to differentiate them into T2 cells and promote an
amplified response [50]. IL-4 activates B lymphocytes and promotes immunoglobulin class
switching to immunoglobulin E (IgE) production. IL-5 acts on bone marrow to increase dif-
ferentiation and proliferation of eosinophils. Eotaxin is another cytokine produced by airway
epithelial cells and serves to recruit eosinophils. IL-13 is believed to stimulate mucus produc-
tion from mucus glands and goblet cells. Through these cytokines, T, ;2 promote a humoral
immune response that results in production of high circulating levels of allergen-specific
IgE. IgE binds to mast cells and cross-linking of mast cell-bound IgE results in degranu-
lation of mast cells with release of histamine, tryptase and heparin sulfate. Histamine is a
potent bronchoconstrictor and is the chief mediator of bronchoconstrictor in atopic asthma.
Repeated exposure to the same allergen results in stronger activation of T,,2 lymphocytes. A
state of chronic inflammation persists within the bronchioles and results in airway remodeling,
which is a histopathological hallmark of chronic asthma [51].

Numerous pharmacologic and non-pharmacologic modalities are used in the management
of patients with asthma. Non-pharmacologic approaches include avoidance of allergens by
removing carpets from houses, avoiding exposure to animal dander, using personal protective
equipment while at work (in cases of occupational asthma), maintaining a clean environment
(reducing exposure to dust mites), and so on. Pharmacologic treatment options include short-
acting 3,-adrenoceptor agonists (SABA), short-acting muscarinic antagonists (SAMA), long-
acting 3,-adrenoceptor agonists (LABA), ICS, phosphodiesterase (PDE) inhibitors (such as
theophylline), anti-leukotrienes (such as montelukast), systemic corticosteroids, and immuno-
therapy (such as omalizumab and mepolizumab) [52]. SABA causes bronchodilation by stimu-
lating (3,-adrenergic receptors on the smooth muscle layer of bronchioles. As 3,-adrenoceptors
are G-protein coupled receptors (GPCRs), their stimulation (G) results in activation of adeny-
lyl cyclase and increased levels of cyclic adenosine monophosphate (cAMP) inside smooth
muscle cells. This in turn activates protein kinase A and results in phosphorylation of myosin
light chain kinase, which essentially deactivates this enzyme. Consequently, dephosphoryla-
tion of myosin light chain occurs via the unregulated action of myosin light chain phosphatase,
which causes smooth muscle relaxation and bronchodilation. PDE inhibitors (such as theoph-
ylline and aminophylline) act in a similar manner by inhibiting degradation of cAMP (caused
by PDE), which results in increased level of cAMP in smooth muscle cells [53]. This results in
bronchodilation in the same manner as SABA, except that the 3 -adrenoceptor and adenylyl
cyclase are not involved in this pathway. SAMA causes bronchodilation by blocking musca-
rinic receptors and preventing vagal stimulation. Moreover, SAMA also blocks muscarinic
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M, receptors present on smooth muscle cells of bronchioles and prevent bronchoconstriction
in response to a variety of stimuli. Anti-leukotrienes effectively block bronchoconstriction in
response to leukotrienes C, D, and E, by either blocking their target receptors (montelukast)
or reducing their synthesis (zileuton). Omalizumab is a humanized monoclonal antibody
directed against free circulating IgE and reduces levels of IgE, thereby reducing sensitivity to
allergens [54]. Mepolizumab is an antibody that binds IL-5 and blocks the signaling pathways
activated by IL-5 [55]. While mepolizumab reduces activation and recruitment of eosinophils,
its exact mechanism of action in the treatment of asthma remains unclear.

Corticosteroids act through multiple pathways in controlling asthma and are useful in the
treatment of acute exacerbations of asthma as well as long-term maintenance therapy [56].
Systemic and ICS act in a similar manner and their chief effect is reduction of airway inflam-
mation by blocking the NFxB pathway. Corticosteroids reduce the expression of the enzyme
phospholipase A, which results in decreased synthesis of arachidonic acid and its metabo-
lites [21]. Reduced levels of leukotrienes promote bronchodilation and relieve airway obstruc-
tion. Anti-inflammatory activity of corticosteroid over a long period of time can retard airway
remodeling, thereby reducing smooth muscle cell hypertrophy, thickening of the basement
membrane, and goblet cell hyperplasia [56]. Corticosteroids also have immunosuppressive
properties, which enable them to reduce levels of IgE and inhibit proliferation of T, 2 and
B lymphocytes [31]. By reducing transcription of IL-4 and IL-5, corticosteroids also inhibit
eosinophil recruitment and activation. Furthermore, by blocking the synthesis of IL-13, mucus
secretion is reduced, which can further relieve airway obstruction.

Corticosteroids form a cornerstone of the management of asthma. Management of acute
exacerbation of asthma requires accurate assessment of the severity of the exacerbation and
appropriate triage [57]. Airway, breathing and circulation need to be secured as in any other
emergency condition. Inhaled oxygen and SABA therapy are the first and foremost in the
management of acute exacerbations. Intravenous terbutaline ([3,-agonist) may also be used.
Systemic corticosteroids should also be administered to all patients with a moderate to severe
acute exacerbation of asthma, although their onset of action is after several hours. If patients
do not respond to acute SABA therapy, intravenous magnesium sulfate and/or aminophylline
infusion may also be considered. Patients with signs of fatigue (such as mental status changes
or normalization of arterial carbon dioxide levels) may require endotracheal intubation and
mechanical ventilation. In patients with long-standing asthma, a stepwise approach to ther-
apy has been proposed [58]. Again, accurate assessment of asthma control is essential to tailor
therapy to individual patients. The first step of therapy consists of non-pharmacologic mea-
sures and rescue medication (inhaled SABA) as needed. The second step is to add a low-dose
ICS (controlled medication) along with a rescue medication (inhaled SABA) as needed. The
third step is to either add LABA along with ICS or to increase the dose of ICS to medium dose.
The fourth step is to use LABA along with medium-dose ICS therapy, or to add another agent
(such as an anti-leukotriene or a PDE inhibitor). The fifth step is to use high-dose ICS therapy
along with LABA with or without other agents mentioned in step 4. The sixth step is the use
of systemic corticosteroids and/or immunotherapy along with other therapies as mentioned
in steps 1-4. Generally, refer to an asthma specialist should be considered for patients who
persistently require step 4 or higher therapies [59].
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5.2. Chronic obstructive pulmonary disease

COPD refers to a group of obstructive lung diseases which are characterized by progressive
and irreversible limitation to airflow in the setting of a chronic inflammatory state of the air-
ways and/or lung parenchyma. Generally, emphysema and chronic bronchitis are two entities
included under the heading of COPD, although these entities are not mutually exclusive and
may co-exist in a patient. Emphysema is characterized by destruction of the wall and inter-
stitium of the lung parenchyma leading to irreversible dilatation and enlargement of acini,
thereby leading to air trapping within the lungs [60]. Depending on the etiology of emphy-
sema, it can affect either whole of the respiratory acinus (pan-acinar emphysema) or portions
of it (centriacinar, distal acinar or irregular emphysema). Clinically, patients with emphysema
have been referred to as “pink puffers” as they tend to have a lean built, breath with pursed
lips, are often tachypneic, and appear pink due to hypercapnia (carbon dioxide retention).
In contrast, chronic bronchitis is characterized by the presence of a productive cough for >3
consecutive months over a period of at least 2 years [61]. Interestingly, chronic bronchitis has
a’clinical” definition as opposed to emphysema, which is defined on the basis of morphologic
and histopathological features. Patients with chronic bronchitis often have pathology affect-
ing the larger airways (i.e. bronchi) as opposed to the air-space (parenchymal) disease seen
in patients with emphysema. ‘Blue bloaters” is a term used to refer to patients with chronic
bronchitis as they often have resting cyanosis due to hypoxemia and polycythemia, and fluid
retention due to right-sided heart failure (‘cor pulmonale’). All patients with COPD do have
a number of features in common. All patients have a demonstrable obstructive defect on pul-
monary function testing, which differentiates them from those with restrictive lung diseases.
Moreover, patients with COPD generally have a progressive, irreversible obstructive pro-
cess, which differentiates them from the intermittent, reversible obstruction seen in patients
with asthma [62]. From a physiologic standpoint, all patients with COPD have a higher than
normal lung compliance, which increases the tendency for alveoli to collapse, and makes
expiration difficult. Air trapping results in elevated residual volume and increased total lung
capacity, but a reduced forced vital capacity. Consequently, patients have an elevated func-
tional residual capacity at rest. Moreover, as the disease process progresses, patients with
emphysema develop a defect in diffusion of gases and impaired gas exchange. All these pro-
cesses increase the work of breathing and impair oxygenation and ventilation [63].

Cigarette smoking has been implicated as the main etiologic factor in the pathogenesis of
COPD [64]. Exposure to inhaled pollutants and toxins leads to production of free radicals
and oxidant stress that can damage the airway epithelial lining. On-going exposure to such
inhaled pollutants leads to accumulation of inflammatory cells (such as neutrophils, macro-
phages and lymphocytes) with release of proteolytic enzymes and a cascade of pro-inflam-
matory cytokines. This process of active chronic inflammation leads to destruction of elastin
contained in the pulmonary interstitium, which leads to dilatation of acini — the hallmark
feature of emphysema. Cigarette smoke in particular has been shown to inhibit a -antitrypsin
— an enzyme that inhibits neutrophilic elastase and prevents destruction of elastin. Inhibition
of a-antitrypsin by cigarette smoking leads to unregulated activity of neutrophilic elastase
and consequent destruction of acini. Similarly, in patients with congenital deficiency of -
antitrypsin, pan-acinar emphysema sets in early in life, in the absence of any history of ciga-
rette smoking [65]. In patients with chronic bronchitis, cigarette smoking leads to hyperplasia
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of mucus-secreting glands in the larger airways; this is an adaptive response of the body to the
irritants contained in cigarette smoke. Accumulation of mucus plugs, co-existent emphysema
and bronchiolitis results in airflow obstruction in patients with clinical features of chronic
bronchitis [63]. In cases of both emphysema and chronic bronchitis, the core feature of patho-
genesis is on-going exposure to inhaled toxins and a state of chronic inflammation within the
smaller airways [60]. This explains why smoking cessation is the most important therapeutic
intervention in patients with COPD and reduces overall mortality in such patients.

Corticosteroids have an important role in the overall management of patients with COPD. As
is the case with asthma, corticosteroids provide a therapeutic effect in patients with COPD
by inhibiting bronchoconstriction, promoting bronchodilation, suppressing the immune
response, and having an overall anti-inflammatory effect [66]. In patients with acute exacerba-
tion of COPD, SABA and SAMA are the first-line therapeutic agents. The use of non-invasive
positive pressure ventilation (NIPPV) can reduce the need for endotracheal intubation and
reduces overall mortality in such patients. Systemic corticosteroids and antibiotics also have
an important role in the treatment of acute exacerbation of COPD, although the onset of their
action is delayed. Nebulized corticosteroids (such as budesonide) may also be added along
with other therapies. In patients with refractory respiratory failure or contraindications to
NIPPV, endotracheal intubation and mechanical ventilation may become necessary. In the
management of patients with stable COPD, ICS are a cornerstone of therapy. The optimal ther-
apy for such patients is based on their degree of airflow limitation (quantified by the forced
expiratory volume in first second of expiration [FEV,]) and clinical symptoms (quantified by
the COPD assessment test [CAT] and/or modified Medical Research Council [mMMRC] scores)
[67]. The Global Initiative for Chronic Obstructive Lung Disease (GOLD) classifies patients
into one of four stages (I-IV) depending on their degree of airflow limitation (FEV, > 80%,
FEV, 50-79%, FEV, 30-49% and FEV, < 30% respectively). In patients with GOLD stage III-
IV COPD, ICS should be used in conjunction with other therapies [68]. As in patients with
asthma, SABA or SAMA are used as rescue medications as needed. LAMA alone or LABA
combined with ICS may be combined with ICS depending on the degree of airflow limitation
and clinical symptoms in individual patients. Roflumilast, a PDE inhibitor, may also be used
in patients with COPD who have frequent exacerbations despite other treatment modalities
[69]. In patients with advanced COPD, lung volume reduction surgery or lung transplant
may be needed to improve quality of life [70]. In patients with advanced COPD who have a
limited life expectancy and/or contraindications to lung transplant, hospice care may be the
best strategy to improve patients” symptoms.

5.3. Pneumonia

Pneumonia is a term often used to indicate an infection affecting the pulmonary parenchyma.
Pneumonitis is a term that specifically refers to any inflammatory process affecting the pul-
monary parenchyma, whether infective in origin or otherwise. However, in different publica-
tions, the two terms are often used interchangeably. For the purpose of this chapter, we use
the term ‘pneumonia’ to refer specifically to infections affecting the pulmonary parenchyma.

Pneumonia is an extremely common illness affecting approximately 450 million people a
year and is also a leading cause of death among all parts of the world and across all age
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groups [71]. In the United States, pneumonia alone accounts for almost one-sixth of all deaths.
These figures seem plausible as the epithelial lining of the lungs are continuously exposed
to the atmosphere which contains a high burden of pollutants and microbes. Impairment
in host immunity, mucociliary apparatus and/or cough reflex can predispose people to the
development of pneumonia. Acute bacterial pneumonias tend to have an acute onset of a
lobar pneumonia with exudation of fibropurulent material in the alveoli and hepatization
(consolidation) of lungs. Intracellular microbes cause an atypical pneumonia with a subacute
presentation and mononuclear interstitial infiltrates. Chronic pneumonia is usually second-
ary to fastidious mycobacteria or fungal infections, which lead to granulomatous inflamma-
tion and possible cavitation of lung parenchyma. A variety of microbial pathogens can cause
pneumonia and the predisposition to infection with a particular organism is determined
by several factors, such as age, co-morbidities, vaccination status, use of immunosuppres-
sive drugs, exposure to animals, presence of microbial reservoirs, hospitalization status,
presence of endotracheal or tracheostomy tube, alcoholism, smoking, malnutrition, and so
on and so forth [72]. Streptococcus pneumoniae, Haemophilus influenzae, Moraxella catarrhalis,
Legionella pneumophila, Chlamydia pneumoniae, Mycoplasma pneumoniae, Staphylococcus aureus,
Pseudomonas aeruginosa, Klebsiella pneumoniae, Mycobacterium tuberculosis and Pneumocystis
jiroveci are some of the well-known causative organisms of pneumonia. While the aforemen-
tioned list is by no means exhaustive, a causative organism cannot be isolated in most cases of
community acquired pneumonia (CAP) [73]. A number of explanations have been proposed
to explain this phenomenon with the most likely explanation being that a significant propor-
tion of patients have pneumonia secondary to viruses, which cannot be isolated by routine
microbiological methods.

Corticosteroids are not routinely used in all cases of pneumonia. From a theoretical per-
spective, the use of corticosteroids in patients with pneumonia would seem counterintui-
tive. Pneumonia is an infection of the pulmonary parenchyma and use of antimicrobials
seems to be the prime management. Corticosteroids have been avoided in most cases of
pneumonia due to concerns that their immunosuppressive effects may actually worsen the
underlying infection. However, corticosteroids do have a role to play in selected patients
with pneumonia. The most well-established use of corticosteroids is in patients with severe
Pneumocystis jiroveci pneumonia as defined by a resting arterial partial pressure of oxygen
(PaQ,) of less than 70 mm Hg or an alveolar-arterial (A—a) gradient of PaO, of 35 mm Hg or
more (both on room air) [74]. In such patients, corticosteroids have been shown to provide
a clear benefit in terms of overall mortality and reduction in respiratory failure. Apart from
this, there have been several studies that have assessed the use of steroids in patients with
severe pneumonia in general. A randomized placebo-controlled trial by Torres et al. dem-
onstrated that the use of a short course of methylprednisolone among patients with severe
CAP reduced treatment failure [75]. A meta-analysis of 12 randomized clinical trials pub-
lished in 2015 concluded that the use of systemic corticosteroids in adults hospitalized with
CAP may reduce overall mortality by 3%, decrease hospital stay by 1 day and cut need for
mechanical ventilation by 5% [76]. Clinical guidelines generally recommend that steroids be
considered for all patients with CAP requiring hospitalization, especially those requiring
admission to the intensive care unit, although the benefits and harms should be weighed on
a case-by-case basis.
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5.4. Allergic bronchopulmonary aspergillosis

ABPA is a pulmonary disorder characterized by a hypersensitivity reaction to the allergens of
the fungus Aspergillus fumigatus, which occurs in patients with a history of bronchial asthma
or cystic fibrosis (CF). [77] ABPA has been reported to occur in 1-3% of patients with asthma,
while in patients with CF, its prevalence may be as high as 10% [78]. A. fumigatus is a spore-
forming mold that occurs ubiquitously in nature. This fungus is medically important because
it has been implicated in a number of diseases viz. ABPA, aspergilloma, invasive pulmonary
aspergillosis, allergic fungal rhinosinusitis and bronchial asthma. In patients with long-stand-
ing asthma or CF, A. fumigatus spores can grow within the lumen of airways and lead to the
formation of hyphae (molds). These fungal hyphae can trigger an IgE-mediated hypersensitiv-
ity which results in bronchial inflammation and airway destruction. Clinically, ABPA manifests
as a worsening of asthma or CF with patients complaining of wheezing and cough. Laboratory
investigations may reveal eosinophilia and elevated levels of total IgE. Skin prick tests to
Aspergillus and precipitins to A. fumigatus are positive. Radiologic studies may reveal fleeting
pulmonary opacities in the acute stage and signs of central bronchiectasis in longstanding cases.
Mucus plugging within the larger airways may be visible on roentgenograms and computed
tomograms may lead to a characteristic “finger-in-glove” appearance [77]. A diagnosis of ABPA
should be suspected in patients with a history of previously controlled asthma or CF, who
develop unexplained worsening of their disease. Diagnostic criteria have been published in
the literature in order to enable clinicians to vouchsafe a diagnosis of ABPA with certainty [79].

Management of ABPA entails the achievement of two separate goals: (a) attenuating the
hypersensitivity response to A. fumigatus; and (b) decreasing the overall burden of A. fumiga-
tus allergens. Systemic corticosteroid therapy is useful to achieve the former goal, while anti-
fungal therapy (typically itraconazole) is required for the latter [77]. Prednisone in a dose
of 0.5-2.0 mg/kg/day (or an equivalent) is often employed as first-line therapy. This dosage
is maintained for a period of 1-2 weeks, beyond which the dosage can be modified to an
alternate day regimen. Depending on the patient’s response, dose of steroids can be reduced
slowly and gradually weaned off over a period of 2-3 months. In patients who relapse when
the dose of corticosteroids is reduced, itraconazole therapy can be especially useful [80]. As
discussed previously for asthma and COPD, steroids afford a therapeutic effect in ABPA
owing to their anti-inflammatory, immunosuppressive and bronchodilator effects. Recent
studies have explored the role of omalizumab in the management of ABPA [81]. Small-scale
studies suggest that omalizumab may be useful as a steroid-sparing agent in patients with
either asthma or CF who develop chronic ABPA [82].

5.5. Sarcoidosis

Sarcoidosis is a multisystem disorder of unknown etiology characterized by the formation
of non-caseating epithelioid cell granuloma. This disorder occurs 10 times more frequently
among African Americans as compared to Caucasians and the incidence is higher among
young and middle-aged women. Interestingly, this disease affects non-smokers more often
than people who smoke. Most commonly, the disease may be discovered incidentally when
a chest radiograph reveals bilateral hilar lymphadenopathy. Patients may also present with
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a variety of clinical features including uveitis, xerophthalmia, parotidomegaly, xerostomia,
lupus pernio, skin nodules, erythema nodosum, hypercalcemia, cardiac conduction system
abnormalities, hepatomegaly and pulmonary infiltration. Given the undetermined etiology
of sarcoidosis, it is a histopathological diagnosis of exclusion [83]. Nevertheless, two clinical
variants of sarcoidosis are well-recognized and may suggest a diagnosis of sarcoidosis in the
absence of histopathological evidence. Heerfordt-Waldenstrom syndrome refers to a constel-
lation of clinical findings viz. fever, uveitis, parotidomegaly and facial palsy. Uveoparotid
fever is another term used to refer to this syndrome and, in the appropriate setting, may obvi-
ate the need for a biopsy [84]. Another variant of sarcoidosis, Loffgren’s syndrome, has been
classically described in the literature, although it may be somewhat less specific as compared
to uveoparotid fever. Loffgren’s syndrome refers to a triad of erythema nodosum, arthralgia
(or arthritis) and bilateral hilar lymphadenopathy [85]. Generally, women who present with
Loffgren’s syndrome tend to have a better prognosis compared to others. The diagnosis of
sarcoidosis requires histopathological evaluation and is one of exclusion since its etiology is
unknown. The hallmark feature on biopsies is the presence of non-caseating granuloma in
different organs and tissues of the body without an alternative explanation. Laboratory inves-
tigations may also reveal elevated levels of ACE, although this is a non-specific finding. The
differential diagnosis includes all granulomatous diseases, such as tuberculosis, histoplasmo-
sis, berylliosis, silicosis and cat-scratch disease [83].

Management of sarcoidosis is dependent upon the severity and extent of the disease at the time
of diagnosis. Pulmonary sarcoidosis has been traditionally described to have four stages [86].
Stage I refers to the presence of hilar lymphadenopathy and/or mediastinal lymphadenopathy
in the absence of any lung infiltration. Stage II refers to the presence of pulmonary reticular
opacities (predominantly in upper lung zones) along with hilar and/or mediastinal lymphade-
nopathy. Stage III refers to the presence of pulmonary fibrosis and/or reticular infiltrates with
resolution of hilar and/or mediastinal lymphadenopathy. Stage IV refers to an advanced stage
of “burnt out” disease in which diffuse pulmonary fibrosis with volume loss and bronchiectasis
is evident in the absence of any lymphadenopathy. Fortunately, a substantial proportion of
patients with pulmonary sarcoidosis do not require treatment as most of them have asymptom-
atic, non-progressive disease. Treatment is necessary for patients who have severe disease at the
time of presentation, those who report bothersome symptoms, or those who demonstrate evi-
dence of progressive disease upon follow-up [87]. Likewise, in patients with extra-pulmonary
disease, treatment is generally indicated to prevent end-organ damage. First-line treatment is
to begin prednisone at a dose of approximately 40 mg/day (0.6 mg/kg) and continue for about
4-6 weeks. If there is no clinical and/or radiographic improvement, this dose of prednisone (or
an equivalent steroid) can be continued for another 4 weeks. Once the patient shows evidence of
clinical improvement, reduction in dosage of steroids can be started. There is no evidence avail-
able to support a particular steroid tapering schedule. Most clinicians would gradually reduce
the dose of prednisone to 10-15 mg/day (approximately 0.2 mg/kg); this maintenance dose of
prednisone (or an equivalent steroid) would then be continued for a period of approximately
6 months with frequent monitoring of pulmonary function tests (PFTs) and radiologic studies.
The usual duration of treatment with prednisone (or equivalent steroid) is almost 1 year. In
cases where patients have disease refractory to steroids, patients experience relapses when ste-
roids are tapered, or patients develop serious adverse effects related to steroids, steroid-sparing



Corticosteroids and Their Use in Respiratory Disorders
http://dx.doi.org/10.5772/intechopen.72147

immunosuppressive agents (methotrexate, azathioprine or biologic agents) can be tried [88].
For patients who are at risk of steroid-induced adverse effects and have stage I-II pulmonary
disease (or evidence of slowly progressive disease), inhaled corticosteroid therapy may be a fea-
sible alternative to systemic corticosteroids [89]. Budesonide 800-1600 mcg inhaled twice daily
has been most studied in this context. Fluticasone propionate 500-1000 mcg inhaled twice daily
is also a possible alternative option.

5.6. Collagen vascular diseases

Collagen vascular diseases comprise of a group of disorders characterized by auto-immunity
to antigens contained within blood vessels and extracellular matrix of various organs. A large
number of diseases affecting connective tissue of the body are included under this heading. A
substantial proportion of rheumatologic diseases and auto-immune vasculitides are included
in this category with the most notable ones being systemic sclerosis (SSc), polymyositis (PM),
dermatomyositis (DM), systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), gran-
ulomatosis with polyangiitis (GPA), eosinophilic granulomatosis with polyangiitis (EGPA),
microscopic polyangiitis (MPA), Goodpasture syndrome (GPS) and relapsing polychondritis
(RPC). Sometimes, vascular diseases are also included in this category irrespective of whether
auto-immunity is implicated in pathogenesis or not.

Nearly all collagen vascular diseases can affect the lung in a variety of ways. This is not
surprising since the lungs are rich in both connective tissue and blood vessels. Abundant
pulmonary vasculature is necessary for gaseous exchange, while abundant collagen and
elastin fibers in the interstitium are necessary to support the dynamic chest wall-lung
breathing system [90]. In the following lines, we briefly discuss the spectrum of pulmo-
nary pathologies seen in various collagen vascular diseases and the role of steroids in their
management.

SSc is a disorder characterized by progressive fibrosis affecting multiple organs of the body
including the skin, kidneys, lungs and other organs [91]. Within the pulmonary system, SSc
can lead to the development of ground-glass opacities, which can slowly progress to fibro-
sis of the lung parenchyma. The most common pattern of pulmonary fibrosis seen in SSc is
similar to that of usual interstitial pneumonitis (UIP) and may be histologically indistinguish-
able from rheumatoid lung or idiopathic pulmonary fibrosis (IPF). In some cases, SSc may
involve the lung in a pattern similar to that of idiopathic non-specific interstitial pneumonitis
(NSIP). Progressive pulmonary impairment in SSc is a sign of worse prognosis and mandates
aggressive treatment [92]. The decision to start treatment with immunosuppressive agents
is based on clear evidence of progressive pulmonary damage as demonstrated by radiologic
worsening or decline in pulmonary function as measured by PFTs. Two pharmacologic agents
have been studied for the treatment of SSc-related interstitial lung disease (ILD): mycopheno-
late and cyclophosphamide [93]. Mycophenolate is often prescribed as monotherapy and the
usual duration of immunosuppressive therapy is approximately 2 years. Cyclophosphamide
therapy can be given as intravenous injections or oral therapy and it is generally combined
with corticosteroid therapy. Oral cyclophosphamide is given daily and necessitates a higher
cumulative dosage of the drug; on the other hand, intravenous cyclophosphamide is given
once monthly and allows a lower cumulative dosage with a lower incidence of adverse effects.
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Cyclophosphamide therapy is continued for a few months and thereafter, it is transitioned
to an alternative immunosuppressive agent (such as azathioprine or mycophenolate). Most
clinicians prefer a daily oral dosage of low-dose prednisone (7.5-10 mg) along with cyclo-
phosphamide as it is associated with a lower incidence of scleroderma renal crisis. However,
some small studies have also reported the use of pulse-dose methylprednisolone along with
cyclophosphamide [94]. Generally, pulse steroid therapy should be reserved for patients with
SSc who have another organ-threatening manifestation necessitating their use.

PM and DM are auto-immune diseases that primarily affect muscles and skin, but in severe
cases, involvement of other organ systems (including the respiratory system) can occur. The
pathogenesis of PM entails a primary injury to skeletal muscles that is mediated by T lympho-
cytes, while in DM, immune complex deposition occurs in blood vessels and skin followed
by complement activation that leads to injury and inflammation of the skin and muscles [95].
Pulmonary manifestations may be due to aspiration pneumonitis (a consequence of bulbar
muscle weakness), respiratory failure (secondary to diaphragmatic involvement or chest wall
muscle weakness) and/or acute alveolitis. ILD associated with PM or DM has been associated
with the presence of antibodies against aminoacyl-transfer ribonucleic acid (tRNA)-synthe-
tase and can occur as part of the antisynthetase syndrome [96]. The spectrum of ILD asso-
ciated with PM/DM ranges from a chronic, slowly progressive UIP to an acute interstitial
pneumonitis with diffuse alveolar damage (DAD); NSIP or bronchiolitis obliterans organizing
pneumonitis (BOOP) can also occur [97]. Depending on the severity of the disease, glucocor-
ticoid therapy alone or in association with other immunosuppressive agents may be required.
Since most patients with PM/DM require systemic glucocorticoid therapy, such corticoste-
roid therapy may suffice for the pulmonary manifestations as well in many cases. In patients
with severe disease at baseline or rapidly progressive ILD, pulse-dose methylprednisolone
therapy followed by systemic glucocorticoid therapy (such as prednisone 1 mg/kg/day) along
with cyclophosphamide (or other immunosuppressive agents) may be required. Intravenous
immunoglobulin (IVIG) and/or rituximab have also been used in severe cases [98]. In most
patients who receive glucocorticoid therapy, another immunosuppressive agent (usually aza-
thioprine or mycophenolate) is also started at the same time and continued for a prolonged
period of time (as glucocorticoids are tapered off).

SLE is a systemic auto-immune disease with protean manifestations that can affect nearly
every organ-system of the body, but, occurs more frequently in women. Diagnosis is based
on exclusion of alternative diagnoses and by applying the classification criteria proposed by
the American College of Rheumatology (1997) or Systemic Lupus International Collaborating
Clinics (2012) [99]. Pulmonary manifestations of SLE include pleuritis or pleural effusions,
pulmonary hypertension, diffuse alveolar hemorrhage (DAH), acute interstitial pneumoni-
tis, ILD and/or shrinking lung syndrome (SLS) [100]. ILD associated with SLE can take one
of several histologic forms including NSIP, UIP, BOOP, lymphocytic interstitial pneumoni-
tis (LIP), follicular bronchitis and/or nodular lymphoid hyperplasia. The general approach
to the management of these pulmonary manifestations is similar to that for PM/DM asso-
ciated ILD. Aggressive immunosuppressive therapy (i.e. pulse steroid therapy along with
cyclophosphamide, rituximab or IVIG) is used for patients with acute interstitial pneumo-
nitis or DAH. Plasmapheresis may also be employed for the management of patients with
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DAH. NSAID therapy (if not contraindicated) is used for patients with pleuritis [101]. Long-
term immunosuppressive therapy may be required for patients with ILD or SLS.

RA is an auto-immune disorder that results in chronic, symmetric, progressive, erosive poly-
arthritis which can affect any synovial joint of the body. Extra-articular manifestations of this
disease are common and occur in 20-40% of affected patients. Pulmonary manifestations may
include arthritis of the cricoarytenoid joints, vasculitis affecting the recurrent laryngeal nerve,
bronchiolitis obliterans, pleuritis with pleural effusions, pulmonary nodules, pulmonary hyper-
tension and/or UIP [102]. Management of RA is with disease modifying anti-rheumatoid drugs
and/or biologic agents [103]. NSAIDs may be used for management of pain. Short courses of
systemic corticosteroids are used to manage acute exacerbations of RA. Systemic corticosteroid
therapy is also useful for patients who develop rheumatoid vasculitis or bronchiolitis obliter-
ans. ILD associated with RA is treated in a similar fashion as that due to SLE or PM/DM [104].

GPA, EGPA and MPA are small-vessel vasculitides associated with the presence of antineutro-
phil cytoplasmic antibodies (ANCA). GPA is a necrotizing, granulomatous vasculitis that fre-
quently affects the nose, paranasal sinuses, upper airways, lungs and kidneys [105]. EGPA is
a granulomatous vasculitis that is often associated with a history of asthma and eosinophilia,
but can involve multiple organ-systems of the body [106]. MPA is another ANCA-related
small-vessel vasculitis that is non-granulomatous and can affect multiple organ-systems of
the body, although it usually spares the paranasal sinuses and upper airways [107]. GPS is
an auto-immune disorder characterized by the formation of auto-antibodies against type IV
collagen present in basement membrane. This disease principally affects the alveolar and glo-
merular basement membranes resulting in DAH and rapidly progressive glomerulonephritis
respectively [108]. DAH and/or DAD can also occur in GPA, EGPA or MPA. Treatment of
these disorders entails aggressive immunosuppression; pulse steroid therapy is combined
with either rituximab or cyclophosphamide therapy. IVIG and/or plasmapheresis are also
used in conjunction with immunosuppression. Patients who receive cyclophosphamide ther-
apy are usually switched over to an alternative immunosuppressive agent, such as azathio-
prine or methotrexate. Patients who received rituximab initially may be maintained on the
same agent or switched over to azathioprine or methotrexate [109].

RPC s arare auto-immune disease that leads to inflammation and destruction of cartilaginous
structures of the body. Auricular chondritis (sparing the earlobe), nasal chondritis (may lead
to saddle-nose deformity), scleritis (or episcleritis), orbital pseudotumor, non-erosive arthri-
tis, laryngeal inflammation, tracheal stricture, bronchial obstruction with post-obstructive
pneumonia, and/or mitral or aortic regurgitation are some of the prominent clinical features
of this disease [110]. Approximately one-third of cases occur in association with other rheu-
matologic diseases or malignancy. Patients with auricular or nasal chondritis and/or arthritis
in the absence of other organ involvement can be treated with NSAIDs alone. Systemic cor-
ticosteroid therapy is used in patients with life or organ-threatening disease [111]. Dapsone
or other immunosuppressive agents may be used in combination with, or in place of, corti-
costeroids; evidence does not support the use of any particular immunosuppressive agent
over others. Surgical treatment or airway stenting may be required in patients who develop
laryngeal or tracheal disease [112].
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5.7. Eosinophilic pneumonitis

Eosinophilic pneumonitis may present either as an acute eosinophilic pneumonia or a more
indolent chronic eosinophilic pneumonia. Patients with acute idiopathic eosinophilic pneu-
monia generally present with an acute febrile illness and progressive respiratory failure [113].
Most patients have a history of new onset or resumption of cigarette smoking, although
heavy inhalational exposure to fine sand and dust may also precipitate this illness. Peripheral
eosinophilia is generally absent at presentation, although it may develop later in the disease.
Computed tomography usually shows bilateral patchy ground-glass opacities or reticular
infiltrates. Bronchoalveolar lavage (BAL) may reveal a preponderance of eosinophils. Lung
biopsies usually show marked eosinophilic infiltration of the interstitium and alveolar spaces
with DAD and absence of hemorrhage or granuloma [114]. Treatment is with systemic corti-
costeroid therapy (usually prednisone 1 mg/kg) continued for a period of 2 weeks followed by
a gradual taper over the next 4 weeks. Most patients respond dramatically to steroids within
24-72 hours and respiratory failure resolves rapidly [115].

Chronic eosinophilic pneumonia is an idiopathic disorder that presents with cough, fever,
dyspnea and wheezing that progress over a period of several weeks to months. Radiologic
findings of this disorder have been classically described as the “photographic negative of
pulmonary edema” i.e. bilateral peripheral pleural-based opacities [116]. BAL reveals a pre-
dominance of eosinophils with the eosinophil count often exceeding 25% of leukocyte count.
BAL and/or lung biopsy are also useful in excluding alternative causes, such as drug-induced
or infectious causes. Treatment of chronic eosinophilic pneumonia is similar to that for acute
eosinophilic pneumonia, although systemic corticosteroid therapy is generally tapered slowly
over a period of 6 months (or more) [117].

5.8. Lymphocytic interstitial pneumonitis

LIP is characterized by benign polyclonal proliferation of lymphocytes with infiltration of
pulmonary interstitium and alveolar spaces with lymphocytes and plasma cells. This dis-
order often occurs in association with rheumatologic diseases or human immunodeficiency
virus (HIV) infection [118]. Patients may be asymptomatic or they may present with cough,
dyspnea and/or constitutional symptoms. Radiologic studies may reveal ground-glass opaci-
ties, centrilobular nodules (or masses), septal thickening and/or lung cysts. Thoracoscopic or
open lung biopsies are necessary in most cases to confirm the diagnosis and exclude alterna-
tive diseases [119]. Treatment of patients with asymptomatic disease may be watchful wait-
ing with frequent monitoring. For patients with symptomatic disease, systemic corticosteroid
therapy (usually prednisone 0.5 mg/kg/day) is used and gradually tapered over a period
of 6-12 months. For patients who do not respond to steroids or relapse during taper, other
immunosuppressive agents (azathioprine, cyclosporine, cyclophosphamide or rituximab)
may be used [120]. For patients with HIV infection, highly active antiretroviral therapy is
used as first-line treatment (instead of corticosteroid therapy). However, corticosteroid ther-
apy will be needed for patients with HIV infection who continue to experience worsening LIP
despite antiretroviral therapy [121]. Infrequently, LIP may undergo malignant transformation
and evolve into a pulmonary lymphoma.
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5.9. Hypersensitivity pneumonitis

Hypersensitivity pneumonitis (also known as extrinsic allergic alveolitis) refers to a group of
diseases that develop secondary to numerous agricultural dusts, microorganisms, bioaerosols
and/or reactive chemical species. Prompt diagnosis of hypersensitivity pneumonitis is impor-
tant as the disease is reversible in its early stages. Correct diagnosis is usually based on a com-
patible exposure history, clinical assessment, radiographic findings and response to avoidance
of the suspected etiologic agent [122]. Acute hypersensitivity pneumonitis often occurs follow-
ing heavy exposure to an inciting agent and is usually confused with CAP. Patients present
with fever, chest pain, cough and dyspnea about 6 hours following exposure. In most cases,
symptoms improve within a few days after cessation of exposure to inciting agent, although
radiographic resolution requires several weeks. Skin testing to allergens is not useful and
serum precipitins may have a high false negative rate. Bronchoscopy with BAL shows lym-
phocytosis exceeding 20% (often >50%) and the BAL CD4+/CD8+ ratio is usually decreased
to less than 1.0 [123]. Characteristic radiographic findings on computed tomography include
mid-to-upper zone predominance of centrilobular ground-glass or nodular opacities with
signs of air-trapping. Histopathological findings may reveal poorly formed granulomas and/
or a patchy mononuclear infiltration near the alveolar walls [124]. Subacute hypersensitivity
pneumonitis presents with productive cough, dyspnea, fatigue, anorexia, and weight loss.
Most patients have mixed obstructive and restrictive abnormalities on PFTs with a reduction
in diffusion capacity. Radiographic findings may include diffuse micronodules, ground-glass
opacities, or mild fibrotic changes predominantly involving the middle to upper lung zones.
Bronchoscopy with BAL may reveal lymphocytosis and negative cultures. Lung biopsy may
reveal poorly formed, noncaseating granulomas in the pulmonary interstitium with fibrosis and
bronchiolitis [125]. Removal of the inciting agent results in complete resolution of findings over
a longer period of time (weeks to months) and most patients require systemic glucocorticoid
therapy. In the chronic progressive form of hypersensitivity pneumonitis, patients present with
cough, dyspnea, fatigue, and weight loss. Physical examination may reveal digital clubbing and
hypoxemia. Radiographic studies will show widespread pulmonary fibrosis; BAL may reveal
lymphocytosis. Lung biopsy is necessary to demonstrate granulomatous pneumonitis, diffuse
interstitial pneumonitis, bronchiolitis obliterans and distal destruction of alveoli (honey-comb-
ing) with densely fibrotic zones [126]. At this stage, removal of exposure to the inciting agent
will only lead to partial improvement. Corticosteroid therapy (usually 0.5-1 mg/kg/day of pred-
nisone) should be prescribed to all symptomatic patients with hypersensitivity pneumonitis.
Gradual tapering of steroid dosage can be started after 2 weeks and tapered over the ensuing
2—4 weeks in most patients [127]. In patients with chronic hypersensitivity pneumonitis and
extensive pulmonary fibrosis, lung transplantation may be a viable treatment option.

5.10. Idiopathic interstitial pneumonitis

IIP refer to a group of idiopathic ILDs that are characterized by infiltration of the pulmonary
interstitium with inflammatory cells and consequently result in progressive fibrosis. IIP is a
broad umbrella category that includes a number of different disease entities with distinct his-
tologic patterns, natural course and prognosis [128]. The American Thoracic Society (ATS) and
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European Respiratory Society (ERS) classification [129] has recognized 6 major IIPs: (i) idiopathic
pulmonary fibrosis (IPF); (ii) idiopathic NSIP; (iii) cryptogenic organizing pneumonitis (COP);
(iv) respiratory bronchiolitis (RB) associated ILD; (v) acute interstitial pneumonitis (AIP); and
(vi) desquamative interstitial pneumonitis (DIP). Two other ILDs are also included in the ATS/
ERS classification as rare IIP viz. idiopathic LIP and idiopathic pleuroparenchymal fibroelastosis
(PPFE). A category of unclassifiable IIP is also included in the ATS/ERS classification which is
reserved for those IIPs which do not fit the criteria for any specific category of IIP.

IPF and idiopathic NSIP are both ILDs that run a chronic course with most patients experi-
encing symptoms for many months prior to diagnosis. IPF usually presents in the sixth to
seventh decades of life. Typical radiologic findings include bibasilar subpleural fibrosis with
traction bronchiectasis and honeycombing in the later stages. IPF is characterized histologi-
cally by a UIP pattern with a temporal and geographical heterogeneity, patchy involvement
of the lung parenchyma, presence of architectural distortion and fibroblast foci and absence
of features suggesting an alternative pattern [130]. Two novel tyrosine kinase inhibitors — pir-
fenidone and nintedanib —have been approved for the treatment of IPF [131]. Despite this, the
overall prognosis for IPF remains poor. Systemic corticosteroid therapy is often employed for
patients who develop acute infective exacerbation of IPF, although high quality evidence in
support of this practice is lacking [132]. Idiopathic NSIP is a distinct clinical entity and tends to
have a subacute presentation and a better prognosis as compared to IPF. Histologically, NSIP
is characterized by temporal and geographical homogeneity with uniform involvement of the
lung parenchyma, mononuclear cell infiltration of the interstitium and relative preservation of
lung architecture [133]. The term “non-specific” is used because the histologic appearance of
NSIP lacks the characteristic features of UIP, DIP, RB-ILD or AIP. Radiologic findings include
bibasilar subpleural reticular shadowing with traction bronchiectasis, ground-glass opacities
and absence of honeycombing. Alternative causes of NSIP, such as collagen vascular diseases,
drugs and infections, need to be excluded. Treatment of NSIP is with systemic corticosteroid
therapy, usually prednisone 1 mg/kg, gradually tapered over 6-12 months [134]. Pulse-dose
methylprednisolone therapy has also been used in those with severe disease on presentation.
In patients who relapse or remain refractory despite systemic corticosteroid therapy, a second
immunosuppressive agent is added to prednisone.

Cigarette smokers tend to have a number of subclinical pulmonary interstitial abnormalities
identifiable on histopathology [135]. These subclinical abnormalities do not meet the criteria
for any particular ILD or IIP. Smoking-related ILD include RB-ILD, DIP and Langerhans cell
histiocytosis. Langerhans cell histiocytosis is a separate disease entity and is generally not
included under the heading of IIP. Both DIP and RB-ILD occur in smokers, usually with a
smoking history of over 30 pack-years, most often in the third to fourth decades of life; men
are more commonly affected [136]. In DIP, radiologic studies reveal bilateral ground-glass
opacities without the peripheral reticular shadowing typical of UIP. In RB-ILD, radiologic
findings may include scattered ground-glass opacities along with bronchial wall thickening.
Lung biopsy in DIP shows uniform histopathological findings and lacks the patchy nature typi-
cal of IPF. Honeycombing is characteristically absent and a striking feature is the presence of
numerous “smokers” macrophages” within the distal airspaces [137]. DIP is actually a misno-
mer as these macrophages were originally believed to be desquamated pneumocytes. A smoker
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macrophage is a macrophage that contains fine brown pigment flecked with tiny blackish par-
ticles; these cytoplasmic particles stain well with Prussian blue (iron content) and periodic acid
Schiff (polysaccharides) stains. RB-ILD has a histopathological appearance somewhat similar to
DIP in that numerous smoker macrophages are noted; however, these pigmented macrophages
are abundant within the lumen of respiratory bronchioles [138]. Moreover, the histopathologi-
cal findings seen in RB-ILD have a bronchiolocentric distribution, whereas DIP tends to affect the
lung in a rather uniform and diffuse manner. The management of DIP and RB-ILD is similar;
smoking cessation is the first line of management [139]. For patients who continue to experience
symptoms and have worsening PFTs, systemic corticosteroid therapy is used. Rarely, other
immunosuppressive agents may be used if patients do not improve, although evidence in this
regard is scarce. Given the considerable overlap between RB-ILD and DIP, some researchers
have suggested that the two categories may be merged together into a single group [140].

COP is the term applied to the idiopathic form of BOOP. This clinical disorder is characterized
by an inflammatory pneumonitis and a proliferative bronchiolitis that results in excessive pro-
liferation of granulation tissue within the smaller airways [141]. COP often presents with an
acute or subacute clinical picture and mimics CAP with a lack of response to antibiotics. Patients
are most often in their fifth or sixth decades of life and both sexes are affected equally. In many
cases, a flu-like illness may precede the onset of COP. As is the case with other IIP, secondary
causes of organizing pneumonia (such as drugs, collagen vascular diseases and infections)
need to be excluded. PFTs reveal a restrictive defect with impairment of gaseous exchange (dif-
fusion capacity). Radiologic studies show multiple patchy ground-glass opacities or peripheral
consolidations [142]. Bronchoscopy with BAL is often performed to exclude other diagnoses
such as infections, drug-induced pneumonitis, hypersensitivity pneumonitis, chronic eosino-
philic pneumonitis and malignancy. In COP itself, BAL typically reveals a “mixed pattern”
of increased cellularity (i.e. smaller proportion of macrophages and higher proportions of
lymphocytes, neutrophils and eosinophils). Although transbronchial lung biopsy may be per-
formed at the time of bronchoscopy, most patients suspected of having COP or other ILD
require a thoracoscopic or open lung biopsy (i.e. via thoracotomy) to yield adequate specimens
for histopathological evaluation [143]. Systemic corticosteroid therapy is the mainstay of treat-
ment. Prednisone 1 mg/kg/day is usually started, unless the patient has severe symptoms or
frank respiratory failure in which cases, IV methylprednisolone 500-1000 mg/day for 5 days
may be used initially. Patients usually respond clinically to corticosteroids within a few days to
a few weeks. Corticosteroid therapy is generally tapered over a period of 6-12 months. Other
immunosuppressive agents may be used in patients who have COP refractory to steroids, or
those who relapse frequently despite moderate doses of corticosteroids [144].

AIP (also known as Hamman-Rich syndrome) has a much more aggressive and acute dis-
ease course as compared to other ILD and it is similar to acute respiratory distress syndrome
(ARDS) in terms of its worse prognosis. In fact, AIP differs from ARDS only in that it has no
identifiable triggering event (i.e. it is idiopathic); otherwise, the histological pattern of AIP is
identical to that for ARDS (DAD) [145]. Clinically, it presents with acute onset of rapidly wors-
ening respiratory failure with diffuse airspace shadowing on plain radiographs. Computed
tomography reveals bilateral diffuse ground glass opacities and/or consolidations with
lobular sparing. The histologic hallmark of AIP is DAD as characterized by diffuse airspace
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organization with or without the formation of hyaline membranes and alveolar septal thick-
ening (due to diffuse organizing fibrosis) with a geographic and temporal homogeneity [146].
As for other IIP, cultures should be negative and granulomas, viral inclusions or eosinophils
should be absent on histopathology. AIP requires aggressive treatment with high doses of
glucocorticoids—typically methylprednisolone 1-2 g/day in divided doses for 3-5 days, fol-
lowed by systemic glucocorticoid therapy for several weeks to months [147]. The mortality
of AIP is almost 50%, and even in patients who survive the acute illness, recurrence of AIP or
progression to a chronic ILD frequently occurs [148].

5.11. Laryngotracheitis (croup)

Laryngotracheitis (also known as croup) is a viral infection caused by parainfluenza viruses
(most commonly, type 1) and often affects children in the first 3 years of life with a slight predis-
position for boys. Clinical symptoms include low-grade fever, dyspnea, inspiratory stridor and
a characteristic barking cough. In older children, hoarseness may also be noticeable. In some
cases, inflammation may extend to the lower airways and result in laryngotracheobronchitis
or even superimposed bacterial laryngotracheobronchopneumonitis [149]. While croup is typi-
cally caused by parainfluenza viruses, other viruses may also cause croup in certain cases; these
include respiratory syncytial virus, influenza virus, rhinoviruses and human metapneumo-
viruses [150]. Plain chest radiographs may show narrowing of the subglottic area, frequently
referred to as the steeple sign—owing to its resemblance to the steeple of a church). It should
be noted here that croup is different from bacterial tracheitis, acute epiglottitis and viral bron-
chiolitis. Bacterial tracheitis is a bacterial infection of the trachea that results in a thick purulent
exudate in the trachea, frequently with involvement of the lower airways (tracheobroncho-
pneumonitis) [151]. Acute epiglottitis is an infection that was frequently caused by Haemophilus
influenzae prior to the widespread use of the “Hib” vaccine. Most cases in vaccinated children
and adults are caused by streptococcal or staphylococcal infections. Epiglottitis generally has a
more rapid onset and aggressive course than croup and children tend to have high-grade fever
and a toxic appearance [152]. Airway obstruction may be precipitated by physical examination
or manipulative procedures, such as laryngoscopy. Viral bronchiolitis is an infection that usu-
ally occurs in infants and children below the age of 2 years. Most infections are caused by respi-
ratory syncytial virus and present with fever, cough, dyspnea and wheezing [153]. Bronchiolitis
is treated with supportive care only and corticosteroids have no role in management.

Treatment of croup involves supportive care with humidified oxygen therapy and anti-pyret-
ics, adequate hydration, corticosteroids and nebulized epinephrine [154]. A strong body of
evidence suggests that the use of either nebulized budesonide or single-dose dexamethasone
provides benefits in terms of reducing length of hospital stay and decreasing visits to the
emergency department [155]. The Westley croup score can be used to grade the severity of
croup [156]. Patients with mild croup may be managed at home with a single dose of oral
dexamethasone 0.6 mg/kg. Patients with moderate croup may be admitted to the hospital and
administered an intramuscular or intravenous dose of dexamethasone along with repeated
nebulizations of epinephrine [157]. In patients with severe croup and impending respiratory
failure, admission to the intensive care unit may be necessary with a plan for endotracheal
intubation in the presence of anesthesiologist and/or otorhinolaryngologist.
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5.12. Exacerbation of cystic fibrosis

CF is an autosomal recessive disorder that results from genetic mutations in the cystic fibrosis
transmembrane conductance regular (CFTR) chloride channel. CF is the most common lethal
genetic disorder in the European population with an incidence of about 1 in 2500 live births
[158]. The most common genetic mutation responsible for CF worldwide is the AF508 mutation
which results in deletion of a phenylalanine residue at the 508’ position of the CFTR channel. This
mutation has a prevalence of about 70% in patients with CF. Interestingly, of the 2000 mutations
described in CFTR, only 4 of the remaining mutations have a prevalence of greater than 1% [159].
In some parts of the world, mutations other than the AF508 mutation are relatively common; for
instance, the G551D mutation is common in the Middle East region [160-164]. Despite the devel-
opment of novel targeted therapies for CF patients [165], the median survival for CF patients
remains at 37 years —although it has been consistently improving over the past few decades [166].
In patients with CF, defective functioning of the CFTR gene results in protean manifestations,
such as sinonasal polyposis, bronchiectasis, chronic pancreatitis with pancreatic insufficiency,
CF-related diabetes mellitus, gut pathologies (meconium ileus, meconium ileus equivalent and
intestinal atresia), osteoporosis, malnutrition, infertility and delayed puberty [159]. However, the
most disabling of these manifestations is lung disease; defective mucociliary clearance leads to
recurrent and persistent infections with virulent organisms, resulting in progressive and cumula-
tive lung damage and development of bronchiectasis and end-stage lung disease [166].

Patients with CF frequently present with recurrent and disabling infective exacerbations of their
lung disease. The microbiologic agents implicated in pneumonia and lower respiratory tract
infections among patients with CF are distinct from that of the general population [167-170].
The management of pulmonary disease in patients with CF is best carried out in dedicated CF
centers with a multidisciplinary team that is experienced in the care of such patients [171]. In
patients presenting with acute infective exacerbations of CF, good evidence is available to sub-
stantiate the role of antibiotics, pulmonary toilet, bronchodilators, ventilatory support and muco-
lytics [172]. The use of corticosteroids in the management of patients with CF is controversial.
Systematic reviews of randomized controlled trials suggest that the use of inhaled or systemic
corticosteroid on a chronic basis in patients with CF without evidence of asthma or ABPA causes
more harm than meaningful benefits [173, 174]. However, in patients with CF who present with
an acute infective exacerbation, some data suggest that short-term corticosteroid therapy may
be beneficial. In a randomized controlled trial, Tepper and colleagues demonstrated that use of
a short course of intravenous hydrocortisone in patients with acute infective exacerbation of CF
provided a greater and sustained improvement in pulmonary function [175]. However, guide-
lines from the CF Foundation conclude that larger studies would be needed to further evaluate
the efficacy of corticosteroids in acute exacerbations of CF vis-a-vis their safety [176].

5.13. Acute respiratory distress syndrome

ARDS is the development of acute hypoxic respiratory failure in response to an identifiable
inciting event, which is characterized pathologically by a diffuse inflammatory process involv-
ing the lung that leads to increased vascular permeability, generalized alveolar edema, loss of
aerated tissue and markedly decreased lung compliance [177]. ARDS can occur in response to

71



72  Corticosteroids

a wide range of etiologies including sepsis, acute pancreatitis, trauma, drowning, burns, aspi-
ration, transfusion-related acute lung injury, and so on; however, all these clinical entities are
grouped together under the heading of ARDS as their clinical management is similar [178].
Clinically, ARDS presents with worsening hypoxemia and respiratory failure that develops
within 24-72 hours of an inciting event. Patients typically have severe tachypnea and hypox-
emia with accessory muscle use and respiratory distress on examination; chest auscultation
may reveal bilateral diffuse crackles. Plain radiographs reveal bilateral airspace shadowing,
which may be patchy in the initial stages, and coalesce later to a more homogeneous pat-
tern in later stages. Arterial blood gas analysis will typically show respiratory alkalosis with
hypoxemia and an elevated A—a gradient. The degree of hypoxemia can be quantified by the
ratio of PaO, to the fraction of inspired oxygen (FiO,) [179]. Computed tomography reveals
widespread airspace opacities that may coalesce and are more prominent in the dependent
parts of the lung. Histopathologically, the hallmark feature of ARDS is DAD (similar to AIP)
with or without the presence of focal alveolar hemorrhage and hyaline membranes [180]. As
per the Berlin definition, ARDS can be diagnosed if a patient has impairment in oxygenation
(as measured by a PaO,/FiO, ratio of <300 mm Hg) with bilateral airspace opacities on chest
radiographs (not fully explained by lung collapse, pulmonary nodules or pleural effusions)
that started within a week of a known clinical insult and are not secondary to cardiac failure
or fluid overload as assessed by an objective assessment method (such as echocardiography)
[181]. The PaO,/FiO, ratio can be used to quantify the oxygenation impairment and stratify
the severity of ARDS into severe (PaO,/FiO, < 100 mm Hg), moderate (PaO,/FiO, 101-200 mm
Hg) or mild (PaO,/FiO, 201-300 mm Hg) [182].

Management of ARDS is centered on mechanically ventilating patients with lung protec-
tive strategies. Low tidal volume ventilation is the mainstay of management while tolerating
permissive hypercapnia and using high PEEP to maximize alveolar recruitment and prevent
atelectasis [183]. In patients with very severe ARDS, prone positioning techniques and extra-
corporeal membrane oxygenation may be necessary to support life [184]. The use of cortico-
steroids in patients with ARDS is controversial and remains contentious to date. There is good
evidence to suggest that corticosteroids should not be used >14 days after onset of ARDS as
there is no demonstrable benefit and clear evidence of harm [185]. Moreover, in patients who
develop ARDS due to a steroid-responsive etiology, corticosteroids should be used early in the
course of the disease [186]. In patients with severe ARDS secondary to a disease process that
is not treated with corticosteroids, initiation of systemic corticosteroids early (<14 days) in the
course of the disease may offer some benefit. Several meta-analyses have been published to
evaluate the impact of steroids on mortality in ARDS and their results have been conflicting.
Three meta-analyses suggest that there is no benefit of steroids in terms of overall mortal-
ity, but, they help to improve gas oxygenation, reduce duration of mechanical ventilation
and decrease overall stay in the ICU [187-189]. Two other meta-analyses reported that use of
systemic corticosteroids provided a reduction in overall mortality and reduced the duration
of mechanical ventilation [190, 191]. In the light of such conflicting evidence, use of systemic
corticosteroids in patients with severe ARDS remains at the discretion of the treating clinician.
Critical care physicians should assess each case individually and decide whether to adminis-
ter corticosteroids or not based on their perceived benefits and possible adverse effects.
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5.14. Lung transplantation and transplant-related complications

Lung transplant is used as a treatment modality for a wide variety of disorders that lead to
end-stage lung disease with the most common ones being COPD, IPF, CF, a -antitrypsin defi-
ciency and idiopathic pulmonary arterial hypertension [192]. Both single-lung and double-
lung transplantation procedures are increasingly being performed; however, the availability
of donor lungs is the main limiting factor to the number of procedures that can be performed.
The basic selection criteria for lung transplantation include: (a) the presence of severe lung dis-
ease for which medical therapy is unavailable or ineffective and mortality without transplan-
tation is estimated to be >50% within 2 years; (b) satisfactory psychosocial support system; (c)
likelihood to withstand lung transplant surgery is >80%; and (d) absence of other comorbidi-
ties that would limit life expectancy in the first 5 years post-transplantation [193]. Absolute
contraindications to lung transplant include psychosocial problems or non-adherence to
medical therapy, cigarette smoking, alcohol dependency, substance abuse, uncontrolled or
untreatable infection, malignancy in the last 2 years, uncorrectable bleeding diathesis, sig-
nificant coronary artery disease that is not amenable to revascularization, significant dysfunc-
tion of other vital organs, severe obesity (body mass index >35 kg/m?), active infection with
Mycobacterium tuberculosis, or significant deformity of the chest wall or spine that would be
expected to cause a severe restrictive defect post-transplant [194]. Apart from these absolute
contraindications, there are a number of other diseases or conditions that are considered rela-
tive contraindications to lung transplant. Interestingly, use of systemic corticosteroids peri-
operatively was prohibited in the past due to concerns of poor healing of the newly formed
anastomosis [195]. However, most evidence has shown that use of prednisone in doses of up
to 0.3 mg/kg pre-transplantation does not increase the risk of complications [196].

Corticosteroids are an important part of immunosuppressive therapy for patients undergoing
lung transplantation. At the time of the surgical procedure, an initial dose of 500-1000 mg of
methylprednisolone is administered intravenously as soon as the donor allograft’s vasculature
and bronchus are anastomosed to the recipient’s respective structures, and allograft reperfu-
sion is established. Corticosteroid therapy is then continued at a dose of 0.5-1 mg/kg/day of
prednisone (or equivalent) and gradually tapered down to a goal of 5-10 mg/day of predni-
sone (or equivalent) over a period of 6 months [197]. Depending on the transplant center’s pro-
tocols and characteristics of the recipient (age, primary lung disease, panel reactive antibodies,
etc.), induction therapy may or may not be administered post-transplantation. For induction
therapy, the most commonly used agents are basiliximab, alemtuzumab or anti-thymocyte
globulin [198]. Pre-medication with acetaminophen, diphenhydramine and corticosteroids
(methylprednisolone 125 mg IV once) is required prior to infusion of alemtuzumab or anti-
thymocyte globulin. Maintenance immunosuppression is then employed with a combination
regimen consisting of a glucocorticoid (usually prednisone), a calcineurin inhibitor (usually
tacrolimus or cyclosporine) and an anti-metabolite (usually mycophenolate or azathioprine)
[199]. Occasionally, an mTOR (mechanistic target of rapamycin) inhibitor, such as sirolimus
or everolimus, may also be used be as part of the maintenance immunosuppressive regimen;
however, mTOR inhibitors should not be used in the first 3 months post-lung transplant as
they may lead to fatal bronchial dehiscence [200].
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Transplant rejections represent a significant problem in the world of transplantology.
Corticosteroid therapy forms an integral component of the management of both acute and
chronic graft rejections. In general terms, a graft rejection is the immune response of the recip-
ient to the donor’s graft, which results in dysfunction and failure of the transplanted organ.
From a pathological perspective, graft rejection can be cell-mediated or humoral graft rejec-
tion depending on whether cytotoxic T lymphocytes or antibodies are implicated in immuno-
pathogenesis respectively. In chronologic terms, rejection is classified into hyperacute, acute
or chronic rejection based on temporality [201].

Hyperacute rejection occurs within 24 hours of transplantation (usually in the first few minutes
to hours) and results in severe hypoxemia and other signs of graft failure. Such a graft rejection
occurs due to preformed circulating antibodies in the recipient that are directed against anti-
gens of the donor. Treatment involves therapeutic plasma exchange (to remove preformed anti-
bodies), IVIG (to bind circulating antibodies & prevent them from interacting with transplanted
tissues) and rituximab (to deplete B lymphocytes and prevent further formation of antibod-
ies) [202]. All patients who develop hyper-acute rejection are already on high-dose steroids as
part of their usual post-transplant care. Additional therapies, such as bortezomib (proteasome
inhibitor) or eculizumab (monoclonal antibody to C5 complement protein), are also employed
in most cases. While the outcome of hyperacute rejection is dismal in most cases, HLA typing
and “virtual cross-match” of donor and recipient have made it a rare occurrence [203].

Acute lung allograft rejection usually occurs within the first 6-12 months of transplantation and
it is cell-mediated in most cases. In acute cellular lung graft rejection, treatment is with pulse-
dose methylprednisolone along with intensification of the maintenance immunosuppressive
regimen [204]. Patients with persistent graft rejection may be treated with repeated courses of
pulse-dose methylprednisolone along with other therapies, such as anti-thymocyte globulin,
alemtuzumab and/or mTOR inhibitors (sirolimus or everolimus). Cases of acute humoral lung
graft rejection developing weeks to months after transplantation are less common. Such cases
are managed with a combination of therapeutic modalities including pulse-dose methylpred-
nisolone, therapeutic plasma exchange, IVIG, rituximab and/or intensification of maintenance
immunosuppression [205]. Empiric antibiotics are often initiated in patients with acute lung
graft rejection until results of microbiologic and histopathological studies are available.

Chronic lung transplant rejection remains a major source of late morbidity and mortality for
lung transplant recipients [206]. Chronic lung allograft rejection may manifest as either bronchi-
olitis obliterans or a restrictive allograft syndrome. Bronchiolitis obliterans is the predominant
subtype of chronic lung graft rejection and has a worse prognosis [207]. It is usually detected
as an obstructive defect on PFTs. Histopathologically, fibrosis in the lower airways (bronchi-
oles) with formation of dense scar tissue is typical [208]. In some patients, an unexplained
obstructive defect on PFTs is noted in the absence of definitive histopathological evidence of
bronchiolitis obliterans; such patients are termed to have bronchiolitis obliterans syndrome.
In restrictive allograft syndrome, patients have a demonstrable restrictive defect on PFTs
and evidence of fibrotic changes involving the upper lung lobes [209]. In most cases, chronic
lung allograft rejection is irreversible and most patients eventually require retransplantation
[210]. However, several therapeutic options may be tried in such patients (depending on the
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transplant center’s preferences) including intensification of the immunosuppressive regimen,
addition of azithromycin, use of montelukast, use of mTOR inhibitors, trial of anti-thymocyte
globulin, total lymphoid irradiation or extracorporeal photophoresis [211].

6. Adverse effects

The adverse effects of corticosteroid therapy are significant and, in most circumstances, these
effects are a compelling reason to limit the dose and/or duration of their use [18]. In many of
the chronic diseases discussed in this chapter, toxicities of steroid therapy are a major source
of morbidity. Additionally, most patients with such chronic diseases are often on immuno-
suppressive therapy or other toxic medications that may lead to cumulative toxicity. While
systemic glucocorticoid therapy is associated with the most number of adverse effects, inhaled
glucocorticoid therapy can also have some adverse effects, although they tend to be generally
less severe [40-42]. Moreover, some of the adverse effects of corticosteroids do not manifest
until complications develop. For instance, loss of bone mineral density may go on unchecked
until a patient develops vertebral collapse [212]. Luckily, most of the adverse effects of ste-
roids are potentially reversible with time once corticosteroids are discontinued.

Side effects of systemic corticosteroids pertain to almost all systems of the body. Long-term
corticosteroid therapy can cause skin thinning, dermal atrophy and purpura, especially on
the dorsum of hand and forearm [213]. Dermal atrophy is a consequence of reduced col-
lagen synthesis due to inhibition of protein synthesis. Purpura is a combined consequence
of dermal atrophy and increased fragility of vessels, which predisposes to bleed in response
to minor stress. In a case—control study, Karagas and co-workers reported that the risk of
non-melanoma skin cancer was increased among patients who used corticosteroids [214].
Cushingoid striae occur due to overstretching of the skin with rupture of vessels within the
skin. Steroid-induced acne is also a well-known dermatologic adverse effect of steroids [215].
Ophthalmic adverse effects of corticosteroids include cataracts, increased intraocular pres-
sure and development of glaucoma [216]. Cataracts most commonly occur in a posterior
subcapsular location and are often bilateral [41]. Central serous chorioretinopathy is another
rare ophthalmic side effect of corticosteroids [217]. Redistribution of body fat with truncal
obesity, buffalo hump and moon facies (Cushingoid features) develop when corticosteroids
are used over a long period of time in high doses [218]. Prolonged periods of hyperglycemia
predispose patients to the development of diabetes mellitus and central adiposity, which in
turn leads to increasing insulin resistance. Insulin resistance and hyperinsulinemia lead to
increased synthesis of very low-density lipoproteins and increase triglyceride levels and adi-
pose tissue in the body [219]. Moreover, since many pharmacologically used corticosteroids
have weak mineralocorticoid properties, they can lead to fluid retention, hypertension, hypo-
kalemia and mild metabolic alkalosis. All these effects can culminate in accelerated athero-
sclerosis and increased incidence of cerebrovascular events and coronary artery disease [220].
Moreover, fluid retention and hypertension can worsen cardiac failure. Fluid retention can
also be problematic in patients with pre-existing renal disease. In the gastrointestinal system,
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corticosteroids can lead to a number of adverse effects including gastritis and gastrointestinal
bleeding [221]. Corticosteroids may also impair healing of peptic ulcers and mask signs of
gastrointestinal perforation; however, in patients taking glucocorticoids alone, routine use of
proton pump inhibitors is not recommended [222]. Proton pump inhibitors should be given to
patients who are taking corticosteroids along with either aspirin or other NSAIDs [223]. Fatty
liver is another adverse consequence of prolonged corticosteroid use. In the musculoskel-
etal system, glucocorticoids lead to accelerated bone loss due to decreased osteogenesis and
increased osteolysis [224]. Corticosteroid use can lead to osteoporotic fractures; interestingly,
vertebral fractures have been reported in patients treated with glucocorticoids, even with a
normal bone mineral density [225]. Avascular necrosis, especially of the head of femur, is a
serious adverse effect of glucocorticoid therapy [226]. In children, prolonged use of corticoste-
roids can lead to slowed growth or even, permanent growth impairment [227]. Corticosteroids
can also lead to myopathy, which manifests as proximal muscle weakness, although muscle
enzymes (serum creatine kinase) are within normal limits [228]. With respect to the reproduc-
tive system, corticosteroid use may lead to menstrual irregularities and decreased fertility
in both sexes [229]. Moreover, use of high doses of corticosteroids during the first trimester
of pregnancy may elevate the risk of cleft palate slightly [230]. The risk of fetal intrauterine
growth restriction is also elevated in women who take corticosteroids throughout pregnancy
[231]. Corticosteroids have also been shown to have a number of adverse effects on the cen-
tral nervous system, especially when used in high doses [232]. Neuropsychiatric effects may
include feeling of euphoria, anxiety, depression, mania, delirium or even psychosis. In a study
by Shin et al. [233], patients with RA who were treated with oral glucocorticoids had a higher
risk of having cognitive impairment. In another study by Keenan and colleagues [234], use
of corticosteroids was associated with an adverse outcome on explicit memory at a period of
1 year. Last, but not the least, the immune system is also adversely affected by glucocorticoid
therapy and immunosuppression leads to an increased risk of infections, decreased response
to vaccines, poor wound healing and lymphopenia [235, 236]. Neutrophilia seen with cortico-
steroid therapy is a mere consequence of demargination of the neutrophil pool.

Close monitoring of such patients for the development of adverse effects is essential [237].
Routine monitoring should include blood pressure charting, weight charting, regular physical
examination, lipid profile and fasting plasma glucose. Determination of bone mineral density
and monitoring of intraocular pressure should be considered for patients who are receiving
high doses of corticosteroids for a prolonged duration [238]. Specifically, patients with pre-
existing co-morbid conditions, such as diabetes mellitus, hypertension, dyslipidemia, heart
failure, peptic ulcer disease and osteoporosis, are at a much higher risk of developing adverse
effects and must be monitored vigilantly [239].

In summary, corticosteroid therapy is a double-edged sword in patients with chronic diseases
who are dependent on steroids. Adverse effects pertaining to nearly every system of the body
can occur with the use of corticosteroids, which mandates that patients be treated with the
lowest possible dose of corticosteroids for the minimum duration possible. Inhaled cortico-
steroid therapy can provide a therapeutic effect in many airway disorders, while reducing the
risk of many steroid-induced adverse effects at the same time. Thus inhaled therapy for air-
way disorders should be preferred over systemic corticosteroid therapy, whenever possible.
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Abbreviations

A-a alveolar-arterial

ABPA allergic bronchopulmonary aspergillosis
ACE angiotensin converting enzyme

ACTH adrenocorticotrophic hormone

AIP acute interstitial pneumonitis

ALT alanine aminotransferase

ANCA antineutrophil cytoplasmic antibody
APC antigen presenting cell

ARDS acute respiratory distress syndrome
ATP adenosine 1,4,5-triphosphate

ATS American Thoracic Society

BAL bronchoalveolar lavage

BOOP bronchiolitis obliterans organizing pneumonitis
cAMP cyclic adenosine monophosphate

CAP community acquired pneumonia

CAT COPD assessment test

CF cystic fibrosis

CFTR cystic fibrosis transmembrane conductance regulator
cor cryptogenic organizing pneumonitis
COPD chronic obstructive pulmonary disease
DAD diffuse alveolar damage

DAH diffuse alveolar hemorrhage

DIP desquamative interstitial pneumonitis
DM dermatomyositis

EGPA eosinophilic granulomatosis with polyangiitis
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ERS
FEV
FiO
GOLD
GPA
GPCR
GPS
GRE
HIV
ICS
IgE

IL

ILD
IPF
IVIG
LABA
LAMA
LIP
mMRC
MPA
mTOR
NF«kB
NIPPV
NSAID
NSIP
orG
PAMPs
PDE
PECAM-1
PFT
PM

European Respiratory Society

forced expiratory volume in first second of expiration

fraction of inspired oxygen

Global Initiative for Chronic Obstructive Lung Disease

granulomatosis with polyangiitis
G-protein coupled receptor

Goodpasture syndrome
glucocorticoid-response elements
human immunodeficiency virus

inhaled corticosteroids

immunoglobulin E

interleukin

interstitial lung disease

idiopathic pulmonary fibrosis
intravenous immunoglobulin
long-acting 3,-adrenoceptor agonist
long-acting muscarinic antagonists
lymphocytic interstitial pneumonitis
modified Medical Research Council scale
microscopic polyangiitis

mechanistic target of rapamycin

nuclear factor-kB

non-invasive positive pressure ventilation
non-steroidal anti-inflammatory drug
non-specific interstitial pneumonitis
osteoprotegerin

pathogen-associated molecular patterns
phosphodiesterase

platelet-endothelial cell adhesion molecule-1
pulmonary function test

polymyositis
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PPFE pleuroparenchymal fibroelastosis

PRR pattern recognition receptor

PTH parathyroid hormone

RA rheumatoid arthritis

RAAS renin—-angiotensin—aldosterone system
RANK receptor activator for nuclear factor-«B
RANKL receptor activator for nuclear factor-«xB ligand
RB respiratory bronchiolitis

RPC relapsing polychondritis

SABA short-acting 3,-adrenoceptor agonist
SAMA short-acting muscarinic antagonists
SGPT serum glutamate-pyruvate transaminase
SLE systemic lupus erythematosus

SLS shrinking lung syndrome

SSc systemic sclerosis

T, 1 type 1 helper T

T, 2 type 2 helper T

tRNA transfer ribonucleic acid

uIp usual interstitial pneumonitis

Author details

Ibrahim A. Janahi'***, Abdul Rehman* and Noor Ul-Ain Baloch®

*Address all correspondence to: ijanahi@hamad.qa

1 Clinical Pediatrics, Weill-Cornell Medical College, Ar-Rayyan, Qatar

2 Pediatric Pulmonology, Department of Pediatrics, Hamad General Hospital, Doha, Qatar
3 Medical Research Center, Hamad Medical Corporation, Doha, Qatar

4 Internal Medicine Section, Department of Medicine, Hamad Medical Corporation, Doha,
Qatar

5 Department of Internal Medicine, Rutgers-New Jersey Medical School, University
Hospital, Newark, United States



80 Corticosteroids

References

[1]

[4]

[5]

[6]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Barwick TD, Malhotra A, Webb JA, Savage MO, Reznek RH. Embryology of the adrenal
glands and its relevance to diagnostic imaging. Clinical Radiology. 2005;60(9):953-959

De Diego AM, Gandia L, Garcia AG. A physiological view of the central and peripheral
mechanisms that regulate the release of catecholamines at the adrenal medulla. Acta
Physiologica. 2008;192(2):287-301

Burchard K. A review of the adrenal cortex and severe inflammation: Quest of the
“eucorticoid” state. Journal of Trauma and Acute Care Surgery. 2001;51(4):800-814

Prigent H, Maxime V, Annane D. Science review: Mechanisms of impaired adrenal func-
tion in sepsis and molecular actions of glucocorticoids. Critical Care. 2004;8(4):243

Jiang G, Zhang BB. Glucagon and regulation of glucose metabolism. American Journal
of Physiology. Endocrinology and Metabolism. 2003;284(4):E671-E678

Kajiura H, Takata H, Kuriki T, Kitamura S. Structure and solution properties of enzy-
matically synthesized glycogen. Carbohydrate Research. 2010;345(6):817-824

Roach PJ, Depaoli-Roach AA, Hurley TD, Tagliabracci VS. Glycogen and its metabolism:
Some new developments and old themes. Biochemical Journal. 2012;441(3):763-787

McCowen KC, Malhotra A, Bistrian BR. Stress-induced hyperglycemia. Critical Care
Clinics. 2001;17(1):107-124

Tamaki T, Uchiyama S, Uchiyama Y, Akatsuka A, Roy RR, Edgerton VR. Anabolic ste-
roids increase exercise tolerance. American Journal of Physiology. Endocrinology and
Metabolism. 2001;280(6):E973-E981

Kim W, Flamm SL, Di Bisceglie AM, Bodenheimer HC. Serum activity of alanine amino-
transferase (ALT) as an indicator of health and disease. Hepatology. 2008;47(4):1363-1370

Clarke B. Normal bone anatomy and physiology. Clinical Journal of the American
Society of Nephrology. 2008;3(Suppl. 3):5131-5139

Wada T, Nakashima T, Hiroshi N, Penninger J]M. RANKL-RANK signaling in osteoclas-
togenesis and bone disease. Trends in Molecular Medicine. 2006;12(1):17-25

Canalis E, Delany AM. Mechanisms of glucocorticoid action in bone. Annals of the
New York Academy of Sciences. 2002;966(1):73-81

Sapolsky RM, Romero LM, Munck AU. How do glucocorticoids influence stress
responses? Integrating permissive, suppressive, stimulatory, and preparative actions.
Endocrine Reviews. 2000;21(1):55-89

Angus DC, Van Der Poll T. Severe sepsis and septic shock. New England Journal of
Medicine. 2013;369(9):840-851

Paul M, Mehr AP, Kreutz R. Physiology of local renin-angiotensin systems. Physiological
Reviews. 2006;86(3):747-803



[17]

[18]

[19]

[20]
[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Corticosteroids and Their Use in Respiratory Disorders
http://dx.doi.org/10.5772/intechopen.72147

Atlas SA. The renin-angiotensin aldosterone system: Pathophysiological role and phar-
macologic inhibition. Journal of Managed Care Pharmacy. 2007;13(8 Supp B):9-20

Schacke H, Décke WD, Asadullah K. Mechanisms involved in the side effects of gluco-
corticoids. Pharmacology & Therapeutics. 2002;96(1):23-43

Newell-Price J, Bertagna X, Grossman AB, Nieman LK. Cushing's syndrome. The Lancet.
2006;367(9522):1605-1617

Nieman LK, Turner ML. Addison’s disease. Clinics in Dermatology. 2006;24(4):276-280

Barnes PJ. How corticosteroids control inflammation: quintiles prize lecture 2005. British
Journal of Pharmacology. 2006;148(3):245-254

Hotamisligil GS. Inflammation and metabolic disorders. Nature. 2006;444(7121):860

Mogensen TH. Pathogen recognition and inflammatory signaling in innate immune
defenses. Clinical Microbiology Reviews. 2009;22(2):240-273

Van der Ven BC, Yates RM, Russell DG. Intraphagosomal measurement of the magni-
tude and duration of the oxidative burst. Traffic. 2009;10(4):372-378

Serhan CN, Chiang N, Van Dyke TE. Resolving inflammation: Dual anti-inflammatory
and pro-resolution lipid mediators. Nature Reviews. Immunology. 2008;8(5):349

Serhan CN, Chiang N. Endogenous pro-resolving and anti-inflammatory lipid mediators:
A new pharmacologic genus. British Journal of Pharmacology. 2008;153(51):5200-5215

Sprague AH, Khalil RA. Inflammatory cytokines in vascular dysfunction and vascular
disease. Biochemical Pharmacology. 2009;78(6):539-552

Bogatcheva NV, Sergeeva MG, Dudek SM, Verin AD. Arachidonic acid cascade in endo-
thelial pathobiology. Microvascular Research. 2005;69(3):107-127

Meirer K, Steinhilber D, Proschak E. Inhibitors of the arachidonic acid cascade: Interfering
with multiple pathways. Basic & Clinical Pharmacology & Toxicology. 2014;114(1):83-91

Stahn C, Lowenberg M, Hommes DW, Buttgereit F. Molecular mechanisms of gluco-
corticoid action and selective glucocorticoid receptor agonists. Molecular and Cellular
Endocrinology. 2007;275(1):71-78

Yamamoto Y, Gaynor RB. Role of the NF-kB pathway in the pathogenesis of human
disease states. Current Molecular Medicine. 2001;1(3):287-296

Hermoso MA, Cidlowski JA. Putting the brake on inflammatory responses: The role of
glucocorticoids. IUBMB Life. 2003;55(9):497-504

Busillo JM, Cidlowski JA. The five Rs of glucocorticoid action during inflammation:
Ready, reinforce, repress, resolve, and restore. Trends in Endocrinology and Metabolism.
2013;24(3):109-119

Hoes JN, Jacobs JW, Boers M, Boumpas D, Buttgereit F, Caeyers N, Choy EH, Cutolo M,
Da Silva JA, Esselens G, Guillevin L. EULAR evidence-based recommendations on the

81



82 Corticosteroids

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

management of systemic glucocorticoid therapy in rheumatic diseases. Annals of the
Rheumatic Diseases. 2007;66(12):1560-1567

Czock D, Keller F, Rasche FM, Haussler U. Pharmacokinetics and pharmacodynamics of
systemically administered glucocorticoids. Clinical Pharmacokinetics. 2005;44(1):61-98

Samtani MN, Jusko WJ]. Comparison of dexamethasone pharmacokinetics in female
rats after intravenous and intramuscular administration. Biopharmaceutics & Drug
Disposition. 2005;26(3):85-91

Badsha H, Edwards CJ. Intravenous pulses of methylprednisolone for systemic lupus
erythematosus. Seminars in Arthritis and Rheumatism. 2003;32(6):370-377

Buttgereit F, Wehling M, Burmester GR. A new hypothesis of modular glucocorticoid
actions: Steroid treatment of rheumatic diseases revisited. Arthritis & Rheumatology.
1998;41(5):761-767

Derendorf H, Nave R, Drollmann A, Cerasoli F, Wurst W. Relevance of pharmacokinet-
ics and pharmacodynamics of inhaled corticosteroids to asthma. European Respiratory
Journal. 2006;28(5):1042-1050

Zhang L, Prietsch SO, Ducharme FM. Inhaled corticosteroids in children with persistent
asthma: Effects on growth. Evidence-Based Child Health: A Cochrane Review Journal.
2014;9(4):829-930

Wang JJ, Rochtchina E, Tan AG, Cumming RG, Leeder SR, Mitchell P. Use of inhaled
and oral corticosteroids and the long-term risk of cataract. Ophthalmology. 2009;
116(4):652-657

Dubus JC, Marguet C, Deschildre A, Mely L, Le Roux P, Brouard J, Huiart L. Local side-
effects of inhaled corticosteroids in asthmatic children: Influence of drug, dose, age, and
device. Allergy. 2001;56(10):944-948

Hengge UR, Ruzicka T, Schwartz RA, Cork MJ. Adverse effects of topical glucocortico-
steroids. Journal of the American Academy of Dermatology. 2006;54(1):1-5

Ference JD, Last AR. Choosing topical corticosteroids. American Family Physician.
2009;79(2):135-140

Del Rosso ], Friedlander SF. Corticosteroids: Options in the era of steroid-sparing ther-
apy. Journal of the American Academy of Dermatology. 2005;53(1):550-S58

Janahi IA, Bener A, Bush A. Prevalence of asthma among Qatari schoolchildren:
International study of asthma and allergies in childhood, Qatar. Pediatric Pulmonology.
2006;41(1):80-86

Bener A, Janahi IA, Sabbah A. Genetics and environmental risk factors associated with
asthma in schoolchildren. European Annals of Allergy and Clinical Immunology. 2005;
37(5):163-168

Agache I, Akdis C, Jutel M, Virchow JC. Untangling asthma phenotypes and endotypes.
Allergy. 2012;67(7):835-846



[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]
[60]

[61]

[62]

Corticosteroids and Their Use in Respiratory Disorders
http://dx.doi.org/10.5772/intechopen.72147

Rajan JP, Wineinger NE, Stevenson DD, White AA. Prevalence of aspirin-exacerbated
respiratory disease among asthmatic patients: A meta-analysis of the literature. Journal
of Allergy and Clinical Immunology. 2015;135(3):676-681

Holgate ST. Innate and adaptive immune responses in asthma. Nature Medicine. 2012;
18(5):673-683

Holgate ST. The sentinel role of the airway epithelium in asthma pathogenesis. Immuno-
logical Reviews. 2011;242(1):205-219

Fanta CH. Asthma. New England Journal of Medicine. 2009;360(10):1002-1014

Dror RO, Pan AC, Arlow DH, Borhani DW, Maragakis P, Shan Y, Xu H, Shaw DE. Pathway
and mechanism of drug binding to G-protein-coupled receptors. Proceedings of the
National Academy of Sciences. 2011;108(32):13118-13123

Olin JT, Wechsler ME. Asthma: Pathogenesis and novel drugs for treatment. BMJ. 2014;
349:g5517

Ortega HG, Liu MC, Pavord ID, Brusselle GG, FitzGerald JM, Chetta A, Humbert M,
Katz LE, Keene ON, Yancey SW, Chanez P. Mepolizumab treatment in patients with
severe eosinophilic asthma. New England Journal of Medicine. 2014;371(13):1198-1207

Durrani SR, Viswanathan RK, Busse WW. What effect does asthma treatment have on
airway remodeling? Current perspectives. Journal of Allergy and Clinical Immunology.
2011;128(3):439-448

Lazarus SC. Clinical practice. Emergency treatment of asthma. New England Journal of
Medicine. 2010;363(8):755-764

Bateman ED, Hurd SS, Barnes PJ, Bousquet J, Drazen JM, FitzGerald M, Gibson P, Ohta K,
O’byrne P, Pedersen SE, Pizzichini E. Global strategy for asthma management and pre-
vention: GINA executive summary. European Respiratory Journal. 2008;31(1):143-178

Bush A, Fleming L. Diagnosis and management of asthma in children. BM]. 2015;350:h996

MacNee W. ABC of chronic obstructive pulmonary disease: Pathology, pathogenesis,
and pathophysiology. BMJ. 2006;332(7551):1202

de Oca MM, Halbert R], Lopez MV, Perez-Padilla R, Talamo C, Moreno D, Muifo A,
Jardim JR, Valdivia G, Pertuzé J, Menezes AM. Chronic bronchitis phenotype in subjects
with and without COPD: The PLATINO study. European Respiratory Journal. 2012;
40(1):28-36

Kim V, Pechulis RM, Abuel-Haija M, Solomides CC, Gaughan JP, Criner GJ. Small air-
way pathology and bronchoreversibility in advanced emphysema. COPD: Journal of
Chronic Obstructive Pulmonary Disease. 2010;7(2):93-101

O’donnell DE, Banzett RB, Carrieri-Kohlman V, Casaburi R, Davenport PW, Gandevia SC,
Gelb AF, Mahler DA, Webb KA. Pathophysiology of dyspnea in chronic obstructive pulmo-
nary disease: A roundtable. Proceedings of the American Thoracic Society. 2007;4(2):145-168

83



84 Corticosteroids

[64]

[65]

[66]

[67]
[68]

[69]

[70]

[71]

[72]

[73]

[74]

[73]

[76]

Yoshida T, Tuder RM. Pathobiology of cigarette smoke-induced chronic obstructive pul-
monary disease. Physiological Reviews. 2007;87(3):1047-1082

Yang P, Sun Z, Krowka MJ, Aubry MC, Bamlet WR, Wampfler JA, Thibodeau SN,
Katzmann JA, Allen MS, Midthun DE, Marks RS. Alphal-antitrypsin deficiency carriers,
tobacco smoke, chronic obstructive pulmonary disease, and lung cancer risk. Archives
of Internal Medicine. 2008;168(10):1097-1103

Alsaeedi A, Sin DD, McAlister FA. The effects of inhaled corticosteroids in chronic
obstructive pulmonary disease: A systematic review of randomized placebo-controlled
trials. American Journal of Medicine. 2002;113(1):59-65

Rodriguez-Roisin R. COPD exacerbations-5: Management. Thorax. 2006;61(6):535-544

Rabe KF, Hurd S, Anzueto A, Barnes PJ, Buist SA, Calverley P, Fukuchi Y, Jenkins C,
Rodriguez-Roisin R, Van Weel C, Zielinski J. Global strategy for the diagnosis, manage-
ment, and prevention of chronic obstructive pulmonary disease: GOLD executive sum-
mary. American Journal of Respiratory and Critical Care Medicine. 2007;176(6):532-555

Wedzicha JA, Calverley PM, Rabe KF. Roflumilast: A review of its use in the treatment of
COPD. International Journal of Chronic Obstructive Pulmonary Disease. 2016;11:81-90

Meyers BF, Patterson GA. Chronic obstructive pulmonary disease® 10: Bullectomy, lung
volume reduction surgery, and transplantation for patients with chronic obstructive
pulmonary disease. Thorax. 2003;58(7):634-638

Hoffken G, Lorenz J, Kern W, Welte T, Bauer T, Dalhoff K, Dietrich E, Ewig S, Gastmeier P,
Grabein B, Halle E. Epidemiology, diagnosis, antimicrobial therapy and management
of community-acquired pneumonia and lower respiratory tract infections in adults.
Guidelines of the Paul-Ehrlich-Society for Chemotherapy, the German respiratory
society, the German Society for Infectiology and the competence network CAPNETZ
Germany. Pneumologie (Stuttgart, Germany). 2009;63(10):el

Marrie T]. Community-acquired pneumonia: Epidemiology, etiology, treatment. Infec-
tious Disease Clinics of North America. 1998;12(3):723-740

Jain S, Self WH, Wunderink RG, Fakhran S, Balk R, Bramley AM, Reed C, Grijalva CG,
Anderson EJ, Courtney DM, Chappell JD. Community-acquired pneumonia requiring
hospitalization among US adults. New England Journal of Medicine. 2015;373(5):415-427

Ewald H, Raatz H, Boscacci R, Furrer H, Bucher HC, Briel M. Adjunctive corticosteroids
for pneumocystis jiroveci pneumonia in patients with HIV infection. Cochrane Database
of Systematic Reviews. 2015;4:CD006150

Torres A, Sibila O, Ferrer M, Polverino E, Menendez R, Mensa ], Gabarrus A, Sellarés ],
Restrepo MI, Anzueto A, Niederman MS. Effect of corticosteroids on treatment failure
among hospitalized patients with severe community-acquired pneumonia and high
inflammatory response: A randomized clinical trial. JAMA. 2015;313(7):677-686

Siemieniuk RA, Meade MO, Alonso-Coello P, Briel M, Evaniew N, Prasad M, Alexander PE,
Fei Y, Vandvik PO, Loeb M, Guyatt GH. Corticosteroid therapy for patients hospitalized



[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

Corticosteroids and Their Use in Respiratory Disorders
http://dx.doi.org/10.5772/intechopen.72147

with community-acquired pneumonia: A systematic review and meta-analysis. Annals
of Internal Medicine. 2015;163(7):519-528

Janahi IA, Rehman A, Al-Naimi AR. Allergic bronchopulmonary aspergillosis in patients
with cystic fibrosis. Annals of Thoracic Medicine. 2017;12(2):74

Maturu VN, Agarwal R. Prevalence of Aspergillus sensitization and allergic broncho-
pulmonary aspergillosis in cystic fibrosis: Systematic review and meta-analysis. Clinical
& Experimental Allergy. 2015;45(12):1765-1778

Agarwal R, Chakrabarti A, Shah A, Gupta D, Meis JF, Guleria R, Moss R, Denning DW.
Allergic bronchopulmonary aspergillosis: Review of literature and proposal of new
diagnostic and classification criteria. Clinical & Experimental Allergy. 2013;43(8):850-873

Reddy A, Greenberger PA. Allergic bronchopulmonary aspergillosis. The Journal of
Allergy and Clinical Immunology. In Practice. 2017;5(3):866-867

Tanou K, Zintzaras E, Kaditis AG. Omalizumab therapy for allergic bronchopulmonary
aspergillosis in children with cystic fibrosis: A synthesis of published evidence. Pediatric
Pulmonology. 2014;49(5):503-507

Wong R, Wong M, Robinson PD, Fitzgerald DA. Omalizumab in the management of
steroid dependent allergic bronchopulmonary aspergillosis (ABPA) complicating cystic
fibrosis. Paediatric Respiratory Reviews. 2013;14(1):22-24

Baughman RP, Culver DA, Judson MA. A concise review of pulmonary sarcoidosis.
American Journal of Respiratory and Critical Care Medicine. 2011;183(5):573-581

Dua A, Manadan A. Heerfordt’s syndrome, or uveoparotid fever. New England Journal
of Medicine. 2013;369(5):458

Grunewald ], Eklund A. Sex-specific manifestations of Lofgren’s syndrome. American
Journal of Respiratory and Critical Care Medicine. 2007;175(1):40-44

Mihailovic-Vucinic V, Jovanovic D. Pulmonary sarcoidosis. Clinics in Chest Medicine.
2008;29(3):459-473

Schutt AC, Bullington WM, Judson MA. Pharmacotherapy for pulmonary sarcoidosis: A
Delphi consensus study. Respiratory Medicine. 2010;104(5):717-723

Korsten P, Strohmayer K, Baughman RP, Sweiss NJ. Refractory pulmonary sarcoid-
osis-proposal of a definition and recommendations for the diagnostic and therapeutic
approach. Clinical Pulmonary Medicine. 2016;23(2):67-75

Paramothayan S, Jones PW. Corticosteroid therapy in pulmonary sarcoidosis: A system-
atic review. JAMA. 2002;287(10):1301-1307

Kim EA, Lee KS, Johkoh T, Kim TS, Suh GY, Kwon OJ, Han J. Interstitial lung diseases
associated with collagen vascular diseases: Radiologic and histopathologic findings.
Radiographics. 2002;22(Suppl 1):5151-5165

Ferri C, Valentini G, Cozzi F, Sebastiani M, Michelassi C, La Montagna G, Bullo A,
Cazzato M, Tirri E, Storino F, Giuggioli D. Systemic sclerosis: Demographic, clinical,
and serologic features and survival in 1,012 Italian patients. Medicine. 2002;81(2):139-153

85



86 Corticosteroids

[92]

[93]

[94]

[95]

[99]

[100]

[101]

[102]
[103]

[104]

[105]

[106]

Bouros D, Wells AU, Nicholson AG, Colby TV, Polychronopoulos V, Pantelidis P,
Haslam PL, Vassilakis DA, Black CM, Du Bois RM. Histopathologic subsets of fibros-
ing alveolitis in patients with systemic sclerosis and their relationship to outcome.
American Journal of Respiratory and Critical Care Medicine. 2002;165(12):1581-1586

Kowal-Bielecka O, Landewé R, Avouac J, Chwiesko S, Miniati I, Czirjak L, Clements P,
Denton C, Farge D, Fligelstone K, Foldvari I. EULAR recommendations for the treat-

ment of systemic sclerosis: A report from the EULAR scleroderma trials and research
group (EUSTAR). Annals of the Rheumatic Diseases. 2009;68(5):620-628

Khanna D, Denton CP. Evidence-based management of rapidly progressing systemic
sclerosis. Best Practice & Research. Clinical Rheumatology. 2010;24(3):387-400

Dalakas MC, Hohlfeld R. Polymyositis and dermatomyositis. The Lancet. 2003;362(9388):
971-982

Katzap E, Barilla-LaBarca ML, Marder G. Antisynthetase syndrome. Current Rheuma-
tology Reports. 2011;13(3):175

Fathi M, Lundberg IE, Tornling G. Pulmonary complications of polymyositis and der-
matomyositis. Seminars in Respiratory and Critical Care Medicine. 2007;28(4):451-458

Schnabel A, Reuter M, Biederer ], Richter C, Gross WL. Interstitial lung disease in poly-
myositis and dermatomyositis: Clinical course and response to treatment. Seminars in
Arthritis and Rheumatism. 2003;32(5):273-284

Yu C, Gershwin ME, Chang C. Diagnostic criteria for systemic lupus erythematosus: A
critical review. Journal of Autoimmunity. 2014;48:10-13

Keane MP, Lynch JP. Pleuropulmonary manifestations of systemic lupus erythemato-
sus. Thorax. 2000;55(2):159-166

Feng PH. Systemic lupus erythematosus. Annals of the New York Academy of Sciences.
2007;1108(1):114-120

Firestein GS. Evolving concepts of rheumatoid arthritis. Nature. 2003;423(6937):356-361

Smolen JS, Landewé R, Breedveld FC, Dougados M, Emery P, Gaujoux-Viala C, Gorter S,
Knevel R, Nam J, Schoels M, Aletaha D. EULAR recommendations for the management
of rheumatoid arthritis with synthetic and biological disease-modifying antirheumatic
drugs. Annals of the Rheumatic Diseases. 2010;69(6):964-975

Tanaka N, Kim JS, Newell JD, Brown KK, Cool CD, Meehan R, Emoto T, Matsumoto T,
Lynch DA. Rheumatoid arthritis-related lung diseases: CT findings. Radiology.
2004;232(1):81-91

Jennette JC, Falk R], Gasim AH. Pathogenesis of ANCA vasculitis. Current Opinion in
Nephrology and Hypertension. 2011;20(3):263

Vaglio A, Buzio C, Zwerina ]. Eosinophilic granulomatosis with polyangiitis (Churg—
Strauss): State of the art. Allergy. 2013;68(3):261-273



[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

Corticosteroids and Their Use in Respiratory Disorders
http://dx.doi.org/10.5772/intechopen.72147

Jennette JC, Thomas DB, Falk R]. Microscopic polyangiitis (microscopic polyarteritis).
Seminars in Diagnostic Pathology. 2001;18(1):3-13

Salama AD, Levy ]B, Lightstone L, Pusey CD. Goodpasture’s disease. The Lancet.
2001;358(9285):917-920

Collard HR, Schwarz MI. Diffuse alveolar hemorrhage. Clinics in Chest Medicine. 2004;
25(3):583-592

Hazra N, Dregan A, Charlton J, Gulliford MC, D’Cruz DP. Incidence and mortality of
relapsing polychondritis in the UK: A population-based cohort study. Rheumatology.
2015;54(12):2181-2187

Yoo JH, Chodosh ], Dana R. Relapsing polychondritis: Systemic and ocular manifesta-
tions, differential diagnosis, management, and prognosis. Seminars in Ophthalmology.
2011;26(4-5):261-269

Rafeq S, Trentham D, Ernst A. Pulmonary manifestations of relapsing polychondritis.
Clinics in Chest Medicine. 2010;31(3):513-518

Philit F, Etienne-Mastroianni B, Parrot A, Guérin C, Robert D, Cordier JF. Idiopathic
acute eosinophilic pneumonia: A study of 22 patients. American Journal of Respiratory
and Critical Care Medicine. 2002;166(9):1235-1239

Shorr AF, Scoville SL, Cersovsky SB, Shanks GD, Ockenhouse CF, Smoak BL, Carr WW,
Petruccelli BP. Acute eosinophilic pneumonia among US military personnel deployed
in or near Iraq. JAMA. 2004;292(24):2997-3005

Allen J. Acute eosinophilic pneumonia. Seminars in Respiratory and Critical Care Med-
icine. 2006;27(2):142-147

Vivero F, Ciocchini C, Gandini M], Wehbe L. Chronic eosinophilic pneumonia. Revista
de la Facultad de Ciencias Medicas (Cordoba, Argentina). 2012;69(1):42-46

Rhee CK, Min KH, Yim NY, Lee JE, Lee NR, Chung MP, Jeon K. Clinical characteristics
and corticosteroid treatment of acute eosinophilic pneumonia. European Respiratory
Journal. 2013;41(2):402-409

Panchabhai TS, Farver C, Highland KB. Lymphocytic interstitial pneumonia. Clinics in
Chest Medicine. 2016;37(3):463-474

Becciolini V, Gudinchet F, Cheseaux JJ, Schnyder P. Lymphocytic interstitial pneumo-
nia in children with AIDS: High-resolution CT findings. European Radiology. 2001;
11(6):1015-1020

Fishback N, Koss M. Update on lymphoid interstitial pneumonitis. Current Opinion in
Pulmonary Medicine. 1996;2(5):B97

Dufour V, Wislez M, Bergot E, Mayaud C, Cadranel J. Improvement of symptomatic
human immunodeficiency virus-related lymphoid interstitial pneumonia in patients
receiving highly active antiretroviral therapy. Clinical Infectious Diseases. 2003;36(10):
e127-e130

87



88 Corticosteroids

[122]
[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

Ismail T, Mcsharry C, Boyd G. Extrinsicallergicalveolitis. Respirology.2006;11(3):262-268

Mohr LC. Hypersensitivity pneumonitis. Current Opinion in Pulmonary Medicine.
2004;10(5):401-411

Bourke SJ, Dalphin JC, Boyd G, McSharry C, Baldwin CI, Calvert JE. Hypersensitivity
pneumonitis: Current concepts. European Respiratory Journal. 2001;18(32 suppl):81s-92s

Selman M, Pardo A, King Jr TE. Hypersensitivity pneumonitis: Insights in diagno-
sis and pathobiology. American Journal of Respiratory and Critical Care Medicine.
2012;186(4):314-324

Zacharisen MC, Schlueter DP, Kurup VP, Fink JN. The long-term outcome in acute,
subacute, and chronic forms of pigeon breeder’s disease hypersensitivity pneumonitis.
Annals of Allergy, Asthma & Immunology. 2002;88(2):175-182

Matar LD, McAdams HP, Sporn TA. Hypersensitivity pneumonitis. American Journal
of Roentgenology. 2000;174(4):1061-1066

Flaherty KR, Toews GB, Travis WD, Colby TV, Kazerooni EA, Gross BH, Jain A,
Strawderman RL, Paine R, Flint A, Lynch JP. Clinical significance of histological clas-

sification of idiopathic interstitial pneumonia. European Respiratory Journal. 2002;
19(2):275-283

Travis WD, King TE, Bateman ED, Lynch DA, Capron F, Center D, Colby TV, Cordier JF,
DuBois RM, Galvin J, Grenier P. American Thoracic Society/European Respiratory Society
international multidisciplinary consensus classification of the idiopathic interstitial pneu-
monias. American Journal of Respiratory and Critical Care Medicine. 2002;165(2):277-304

Gross TJ, Hunninghake GW. Idiopathic pulmonary fibrosis. New England Journal of
Medicine. 2001;345(7):517-525

Raghu G, Rochwerg B, Zhang Y, Garcia CA, Azuma A, Behr ], Brozek JL, Collard HR,
Cunningham W, Homma S, Johkoh T. An official ATS/ERS/JRS/ALAT clinical practice
guideline: Treatment of idiopathic pulmonary fibrosis. An update of the 2011 clini-

cal practice guideline. American Journal of Respiratory and Critical Care Medicine.
2015;192(2):e3-19

Ryerson CJ, Cottin V, Brown KK, Collard HR. Acute exacerbation of idiopathic pulmo-
nary fibrosis: Shifting the paradigm. European Respiratory Journal. 2015;46(2):512-520

Tabaj GC, Fernandez CF, Sabbagh E, Leslie KO. Histopathology of the idiopathic inter-
stitial pneumonias (IIP): A review. Respirology. 2015;20(6):873-883

Flaherty KR, Martinez FJ. Nonspecific interstitial pneumonia. Seminars in Respiratory
and Critical Care Medicine. 2006;27(6):652-658

Jin GY, Lynch D, Chawla A, Garg K, Tammemagi MC, Sahin H, Misumi S, Kwon KS.
Interstitial lung abnormalities in a CT lung cancer screening population: Prevalence
and progression rate. Radiology. 2013;268(2):563-571



[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

Corticosteroids and Their Use in Respiratory Disorders
http://dx.doi.org/10.5772/intechopen.72147

Vassallo R, Ryu JH. Smoking-related interstitial lung diseases. Clinics in Chest Medicine.
2012;33(1):165-178

Craig PJ, Wells AU, Doffman S, Rassl D, Colby TV, Hansell DM, Du Bois RM, Nicholson
AG. Desquamative interstitial pneumonia, respiratory bronchiolitis and their relation-
ship to smoking. Histopathology. 2004;45(3):275-282

Fraig M, Shreesha U, Savici D, Katzenstein AL. Respiratory bronchiolitis: A clinicopath-
ologic study in current smokers, ex-smokers, and never-smokers. American Journal of
Surgical Pathology. 2002;26(5):647-653

Park JS, Brown KK, Tuder RM, Hale VA, King TE Jr, Lynch DA. Respiratory bronchiol-
itis-associated interstitial lung disease: Radiologic features with clinical and pathologic
correlation. Journal of Computer Assisted Tomography. 2002;26(1):13-20

Wells AU, Nicholson AG, Hansell DM, du Bois RM. Respiratory bronchiolitis-asso-
ciated interstitial lung disease. Seminars in Respiratory and Critical Care Medicine.
2003;24(5):585-594

Wells AU. Cryptogenic organizing pneumonia. Seminars in Respiratory and Critical
Care Medicine. 2001;22(4):449-460

Vasu TS, Cavallazzi R, Hirani A, Sharma D, Weibel SB, Kane GC. Clinical and radio-
logic distinctions between secondary bronchiolitis obliterans organizing pneumonia
and cryptogenic organizing pneumonia. Respiratory Care. 2009;54(8):1028-1032

Kim §J, Lee KS, Ryu YH, Yoon YC, Choe KO, Kim TS, Sung KJ. Reversed halo sign
on high-resolution CT of cryptogenic organizing pneumonia: Diagnostic implications.
American Journal of Roentgenology. 2003;180(5):1251-1254

Lazor R, Cordier JF. Cryptogenic organizing pneumonia. Clinical Pulmonary Medicine.
2005;12(3):153-161

Bouros D, Nicholson AC, Polychronopoulos V, Du Bois RM. Acute interstitial pneumo-
nia. European Respiratory Journal. 2000;15(2):412-418

Mukhopadhyay S, Parambil JG. Acute interstitial pneumonia (AIP): Relationship to
Hamman-rich syndrome, diffuse alveolar damage (DAD), and acute respiratory dis-
tress syndrome (ARDS). Seminars in Respiratory and Critical Care Medicine. 2012;
33(5):476-485

Bonaccorsi A, Cancellieri A, Chilosi M, Trisolini R, Boaron M, Crimi N, Poletti V. Acute
interstitial pneumonia: Report of a series. European Respiratory Journal. 2003;21(1):
187-191

Vourlekis JS, Brown KK, Cool CD, Young DA, Cherniack RM, King Jr TE, Schwarz ML
Acute interstitial pneumonitis: Case series and review of the literature. Medicine. 2000;
79(6):369-378

Cherry JD. Clinical practice. Croup. New England Journal of Medicine. 2008;358(4):
384-391

89



90 Corticosteroids

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

Roe M, O’'Donnell DR, Tasker RC. Acute laryngotracheobronchitis. Paediatric Res-
piratory Reviews. 2003;4(3):267-269

Al-Mutairi B, Kirk V. Bacterial tracheitis in children: Approach to diagnosis and treat-
ment. Paediatrics & Child Health. 2004;9(1):25-30

Shah RK, Roberson DW, Jones DT. Epiglottitis in the Hemophilus influenzae type B
vaccine era: Changing trends. Laryngoscope. 2004;114(3):557-560

Fernandes RM, Bialy LM, Vandermeer B, Tjosvold L, Plint AC, Patel H, Johnson DW,
Klassen TP, Hartling L. Glucocorticoids for acute viral bronchiolitis in infants and
young children. Cochrane Database of Systematic Reviews. 2013;6:CD004878

Brown JC. The management of croup. British Medical Bulletin. 2002;61(1):189-202

Russell KF, Liang Y, O’Gorman K, Johnson DW, Klassen TP. Glucocorticoids for croup.
Cochrane Database of Systematic Reviews. 2011;1:CD001955

Rajapaksa S, Starr M. Croup: Assessment and management. Australian Family Phy-
sician. 2010;39(5):280

Petrocheilou A, Tanou K, Kalampouka E, Malakasioti G, Giannios C, Kaditis AG. Viral
croup: Diagnosis and a treatment algorithm. Pediatric Pulmonology. 2014;49(5):421-429

Farrell PM. The prevalence of cystic fibrosis in the European Union. Journal of Cystic
Fibrosis. 2008;7(5):450-453

Janahi IA, Rehman A. Clinical manifestations of cystic fibrosis and their manage-
ment. In: Robertson L, editor. Cystic and Idiopathic Pulmonary Fibrosis: Risk Factors,
Management and Long-Term Health Outcomes. Hauppauge, NY: Nova Publishers,
Inc; 2016. pp. 1-56

Wahab AA, Janahi IA, Hebi S, Al-Hamed M, Kambouris M. Cystic fibrosis in a child
from Syria. Annals of Tropical Paediatrics. 2002;22(1):53-55

Molinski SV, Gonska T, Huan L], Baskin B, Janahi IA, Ray PN, Bear CE. Genetic, cell
biological, and clinical interrogation of the CFTR mutation c. 3700 a> G (p. Ile1234Val)
informs strategies for future medical intervention. Genetics in Medicine. 2014;16(8):
625-632

Abdul-Wahab A, Janahi IA, Abdel-Rahman MO. Sweat chloride concentration in cys-
tic fibrosis patients with cystic fibrosis trans-membrane conductance regulator 11234V
mutation. Saudi Medical Journal. 2009;30(8):1101-1102

Zahraldin K, Janahi IA, Ben-Omran T, Alsulaiman R, Hamad B, Imam A. Two Qatari
siblings with cystic fibrosis and apparent mineralocorticoid excess. Annals of Thoracic
Medicine. 2015;10(1):69

Wahab AA, Janahi IA, Marafia MM. Pseudo-Bartter's syndrome in an Egyptian infant
with cystic fibrosis mutation N1303K. Journal of Tropical Pediatrics. 2004;50(4):242-244



[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

Corticosteroids and Their Use in Respiratory Disorders
http://dx.doi.org/10.5772/intechopen.72147

Rehman A, Baloch NU, Janahi IA. Lumacaftor-ivacaftor in patients with cystic fibrosis
homozygous for Phe508del CFTR. New England Journal of Medicine. 2015;373(18):1783

Dodge JA, Lewis PA, Stanton M, Wilsher J. Cystic fibrosis mortality and survival in the
UK: 1947-2003. European Respiratory Journal. 2007;29(3):522-526

Janahi IA, Abdulwahab A, Sittana SE, Bush A. Rapidly progressive lung disease in a
patient with cystic fibrosis on long-term azithromycin: Possible role of mycoplasma
infection. Journal of Cystic Fibrosis. 2005;4(1):71-73

Janahi IA, Rehman A. The cystic fibrosis airway microbiome and pathogens. In:
Sriramulu D, editor. Progress in Understanding Cystic Fibrosis. Rijeka, Croatia: InTech
Publishers, Inc; 2017. pp. 45-71

Wahab AA, Janahi IA, Marafia MM, El-Shafie S. Microbiological identification in
cystic fibrosis patients with CFTR 11234V mutation. Journal of Tropical Pediatrics.
2004;50(4):229-233

Abdul WA, Janahi IA, El-Shafie SS. Achromobacter xylosoxidans isolated from the spu-
tum of a patient with cystic fibrosis mutation 11234V with Pseudomonas Aeruginosa.
Saudi Medical Journal. 2004;25(6):810

Borowitz D, Robinson KA, Rosenfeld M, Davis SD, Sabadosa KA, Spear SL, Michel SH,
Parad RB, White TB, Farrell PM, Marshall BC. Cystic Fibrosis Foundation evidence-
based guidelines for management of infants with cystic fibrosis. Journal of Pediatrics.
2009;155(6):573-S93

Flume PA, Mogayzel P] Jr, Robinson KA, Goss CH, Rosenblatt RL, Kuhn R], Marshall
BC, Clinical Practice Guidelines for Pulmonary Therapies Committee. Cystic fibrosis
pulmonary guidelines: Treatment of pulmonary exacerbations. American Journal of
Respiratory and Critical Care Medicine. 2009;180(9):802-808

Doring G, Flume P, Heijerman H, Elborn JS, Consensus Study Group. Treatment of
lung infection in patients with cystic fibrosis: Current and future strategies. Journal of
Cystic Fibrosis. 2012;11(6):461-479

Balfour-Lynn IM, Welch K. Inhaled corticosteroids for cystic fibrosis. Cochrane Data-
base of Systematic Reviews. 2016;8:CD001915

Tepper RS, Eigen H, Stevens ], Angelicchio C, Kisling J, Ambrosius W, Heilman D.
Lower respiratory illness in infants and young children with cystic fibrosis. Pediatric
Pulmonology. 1997;24(1):48-51

Flume PA, O’sullivan BP, Robinson KA, Goss CH, Mogayzel P] Jr, Willey-Courand DB,
Bujan J, Finder J, Lester M, Quittell L, Rosenblatt R. Cystic fibrosis pulmonary guide-
lines: Chronic medications for maintenance of lung health. American Journal of
Respiratory and Critical Care Medicine. 2007;176(10):957-969

Force AD. Acute respiratory distress syndrome. JAMA. 2012;307(23):2526-2533

91



92 Corticosteroids

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

Ferguson ND, Davis AM, Slutsky AS, Stewart TE. Development of a clinical definition
for acute respiratory distress syndrome using the Delphi technique. Journal of Critical
Care. 2005;20(2):147-154

Ware LB, Matthay MA. The acute respiratory distress syndrome. New England Journal
of Medicine. 2000;342(18):1334-1349

Thille AW, Esteban A, Fernandez-Segoviano P, Rodriguez JM, Aramburu JA, Pefiuelas O,
Cortés-Puch I, Cardinal-Fernandez P, Lorente JA, Frutos-Vivar F. Comparison of the
berlin definition for acute respiratory distress syndrome with autopsy. American
Journal of Respiratory and Critical Care Medicine. 2013;187(7):761-767

Ferguson ND, Fan E, Camporota L, Antonelli M, Anzueto A, Beale R, Brochard L,
Brower R, Esteban A, Gattinoni L, Rhodes A. The berlin definition of ARDS: An
expanded rationale, justification, and supplementary material. Intensive Care Medicine.
2012;38(10):1573-1582

Kangelaris KN, Calfee CS, May AK, Zhuo H, Matthay MA, Ware LB. Is there still a role
for the lung injury score in the era of the berlin definition ARDS? Annals of Intensive
Care. 2014;4(1):4

Meade MO, Cook DJ, Guyatt GH, Slutsky AS, Arabi YM, Cooper DJ, Davies AR,
Hand LE, Zhou Q, Thabane L, Austin P. Ventilation strategy using low tidal volumes,
recruitment maneuvers, and high positive end-expiratory pressure for acute lung

injury and acute respiratory distress syndrome: A randomized controlled trial. JAMA.
2008;299(6):637-645

Brodie D, Bacchetta M. Extracorporeal membrane oxygenation for ARDS in adults.
New England Journal of Medicine. 2011;365(20):1905-1914

Steinberg KP, Hudson LD, Goodman RB, Hough CL, Lanken PN, Hyzy R, Thompson BT,
Ancukiewicz M. Efficacy and safety of corticosteroids for persistent acute respiratory
distress syndrome. New England Journal of Medicine. 2006;354(16):1671-1684

Davis WB, Wilson HE, Wall RL. Eosinophilic alveolitis in acute respiratory failure: A
clinical marker for a non-infectious etiology. Chest Journal. 1986;90(1):7-10

Meduri GU, Marik PE, Chrousos GP, Pastores SM, Arlt W, Beishuizen A, Bokhari F,
Zaloga G, Annane D. Steroid treatment in ARDS: A critical appraisal of the ARDS net-
work trial and the recent literature. Intensive Care Medicine. 2008;34(1):61-69

Peter JV, John P, Graham PL, Moran JL, George IA, Bersten A. Corticosteroids in the
prevention and treatment of acute respiratory distress syndrome (ARDS) in adults:
Meta-analysis. BMJ. 2008;336(7651):1006-1009

Agarwal R, Nath A, Aggarwal AN, Gupta D. Do glucocorticoids decrease mortality in
acute respiratory distress syndrome? A meta-analysis. Respirology. 2007;12(4):585-590

Tang BM, Craig JC, Eslick GD, Seppelt I, McLean AS. Use of corticosteroids in acute
lung injury and acute respiratory distress syndrome: A systematic review and meta-
analysis. Critical Care Medicine. 2009;37(5):1594-1603



[191]

[192]

[193]

[194]

[195]

[196]

[197]

[198]

[199]

[200]

[201]

[202]

Corticosteroids and Their Use in Respiratory Disorders
http://dx.doi.org/10.5772/intechopen.72147

Meduri GU, Bridges L, Shih MC, Marik PE, Siemieniuk RA, Kocak M. Prolonged glu-
cocorticoid treatment is associated with improved ARDS outcomes: Analysis of indi-
vidual patients” data from four randomized trials and trial-level meta-analysis of the
updated literature. Intensive Care Medicine. 2016;42(5):829-840

Burton CM, Milman N, Carlsen J, Arendrup H, Eliasen K, Andersen CB, Iversen M. The
Copenhagen National Lung Transplant Group: Survival after single lung, double
lung, and heart-lung transplantation. Journal of Heart and Lung Transplantation.
2005;24(11):1834-1843

Weill D, Benden C, Corris PA, Dark JH, Davis RD, Keshavjee S, Lederer DJ, Mulligan
M]J, Patterson GA, Singer LG, Snell GI. A consensus document for the selection of lung
transplant candidates: 2014 — An update from the pulmonary transplantation Council
of the International Society for heart and lung transplantation. Journal of Heart and
Lung Transplantation. 2015;34:1-15

Nathan SD. Lung transplantation: Disease-specific considerations for referral. Chest
Journal. 2005;127(3):1006-1016

McAnally KJ, Valentine VG, LaPlace SG, McFadden PM, Seoane L, Taylor DE. Effect of
pre-transplantation prednisone on survival after lung transplantation. Journal of Heart
and Lung Transplantation. 2006;25(1):67-74

Park SJ, Nguyen DQ, Savik K, Hertz MI, Bolman RM. Pre-transplant corticosteroid
use and outcome in lung transplantation. Journal of Heart and Lung Transplantation.
2001;20(3):304-309

Yusen RD, Edwards LB, Kucheryavaya AY, Benden C, Dipchand Al, Goldfarb SB,
Levvey BJ, Lund LH, Meiser B, Rossano JW, Stehlik J. The registry of the International
Society for Heart and Lung Transplantation: Thirty-second official adult lung and
heart-lung transplantation report—2015; focus theme: Early graft failure. Journal of
Heart and Lung Transplantation. 2015;34(10):1264-1277

Swarup R, Allenspach LL, Nemeh HW, Stagner LD, Betensley AD. Timing of basilix-
imab induction and development of acute rejection in lung transplant patients. Journal
of Heart and Lung Transplantation. 2011;30(11):1228-1235

Lake KD. Immunosuppressive drugs and novel strategies to prevent acute and chronic
allograft rejection. Seminars in Respiratory and Critical Care Medicine. 2001;22(5):559-580

Groetzner ], Kur F, Spelsberg F, Behr ], Frey L, Bittmann I, Vogeser M, Ueberfuhr P,
Meiser B, Hatz R, Reichart B. Airway anastomosis complications in de novo lung

transplantation with sirolimus-based immunosuppression. Journal of Heart and Lung
Transplantation. 2004;23(5):632-638

Game DS, Warrens AN, Lechler RI. Rejection mechanisms in transplantation. Wiener
Klinische Wochenschrift. 2001;113(20-21):832-838

Masson E, Stern M, Chabod ], Thévenin C, Gonin F, Rebibou JM, Tiberghien P.
Hyperacute rejection after lung transplantation caused by undetected low-titer anti-
HLA antibodies. Journal of Heart and Lung Transplantation. 2007;26(6):642-645

93



94  Corticosteroids

[203]

[204]

[205]

[206]

[207]

[208]

[209]

[210]

[211]

[212]

[213]

[214]

[215]

[216]

Bittner HB, Dunitz ], Hertz M, Bolman IIIMR, Park S]. Hyperacute rejection in single
lung transplantation —Case report of successful management by means of plasmapher-
esis and antithymocyte globulin treatment. Transplantation. 2001;71(5):649-651

Chakinala MM, Trulock EP. Acute allograft rejection after lung transplantation: Dia-
gnosis and therapy. Chest Surgery Clinics. 2003;13(3):525-542

Otani S, Davis AK, Cantwell L, Ivulich S, Pham A, Paraskeva MA, Snell GI, Westall GP.
Evolving experience of treating antibody-mediated rejection following lung transplan-
tation. Transplant Immunology. 2014;31(2):75-80

Shuhaiber JH, Kim ]JB, Hur K, Gibbons RD. Survival of primary and repeat lung trans-
plantation in the United States. Annals of Thoracic Surgery. 2009;87(1):261-266

Weber DJ, Wilkes DS. The role of autoimmunity in obliterative bronchiolitis after
lung transplantation. American Journal of Physiology. Lung Cellular and Molecular
Physiology. 2013;304(5):L307-L311

Boehler A, Estenne M. Post-transplant bronchiolitis obliterans. European Respiratory
Journal. 2003;22(6):1007-1018

Sato M, Waddell TK, Wagnetz U, Roberts HC, Hwang DM, Haroon A, Wagnetz D,
Chaparro C, Singer LG, Hutcheon MA, Keshavjee S. Restrictive allograft syndrome
(RAS): A novel form of chronic lung allograft dysfunction. Journal of Heart and Lung
Transplantation. 2011;30(7):735-742

Strueber M, Fischer S, Gottlieb J, Simon AR, Goerler H, Gohrbandt B, Welte T, Haverich
A. Long-term outcome after pulmonary retransplantation. Journal of Thoracic and
Cardiovascular Surgery. 2006;132(2):407-412

Benden C, Speich R, Hofbauer GF, Irani S, Eich-Wanger C, Russi EW, Weder W, Boehler
A. Extracorporeal photopheresis after lung transplantation: A 10-year single-center
experience. Transplantation. 2008;86(11):1625-1627

Lane NE. An update on glucocorticoid-induced osteoporosis. Rheumatic Disease
Clinics of North America. 2001;27(1):235-253

Schoepe S, Schéacke H, May E, Asadullah K. Glucocorticoid therapy-induced skin atro-
phy. Experimental Dermatology. 2006;15(6):406-420

Karagas MR, Cushing Jr GL, Greenberg ER, Mott LA, Spencer SK, Nierenberg DW.
Non-melanoma skin cancers and glucocorticoid therapy. British Journal of Cancer.
2001;85(5):683-686

Melnik B, Jansen T, Grabbe S. Abuse of anabolic-androgenic steroids and bodybuild-
ing acne: An underestimated health problem. Journal der Deutschen Dermatologischen
Gesellschaft. 2007;5(2):110-117

Carnahan MC, Goldstein DA. Ocular complications of topical, peri-ocular, and sys-
temic corticosteroids. Current Opinion in Ophthalmology. 2000;11(6):478-483



[217]

[218]

[219]

[220]

[221]

[222]

Corticosteroids and Their Use in Respiratory Disorders
http://dx.doi.org/10.5772/intechopen.72147

Carvalho-Recchia CA, Yannuzzi LA, Negrao S, Spaide RF, Freund KB, Rodriguez-
Coleman H, Lenharo M, Iida T. Corticosteroids and central serous chorioretinopathy.
Ophthalmology. 2002;109(10):1834-1837

Arnaldi G, Angeli A, Atkinson AB, Bertagna X, Cavagnini F, Chrousos GP, Fava GA,
Findling JW, Gaillard RC, Grossman AB, Kola B. Diagnosis and complications of
Cushing’s syndrome: A consensus statement. The Journal of Clinical Endocrinology
and Metabolism. 2003;88(12):5593-5602

Garrapa GG, Pantanetti P, Arnaldi G, Mantero F, Faloia E. Body composition and
metabolic features in women with adrenal incidentaloma or Cushing’s syndrome. The
Journal of Clinical Endocrinology and Metabolism. 2001;86(11):5301-5306

Souverein PC, Berard A, Van Staa TP, Cooper C, Egberts AC, Leufkens HG, Walker BR.
Use of oral glucocorticoids and risk of cardiovascular and cerebrovascular disease in a
population based case—control study. Heart. 2004;90(8):859-865

Rodriguez LA, Hernandez-Diaz S. The risk of upper gastrointestinal complications
associated with nonsteroidal anti-inflammatory drugs, glucocorticoids, acetamino-
phen, and combinations of these agents. Arthritis Research & Therapy. 2000;3(2):98-101

ChristensenS, Riis A, Norgaard M, Thomsen RW, Tennesen EM, Larsson A, Serensen HT.
Perforated peptic ulcer: Use of pre-admission oral glucocorticoids and 30-day mortal-
ity. Alimentary Pharmacology & Therapeutics. 2006;23(1):45-52

[223] Targownik LE, Thomson PA. Gastroprotective strategies among NSAID users:

[224]

[225]

[226]

[227]

[228]

[229]

[230]

Guidelines for appropriate use in chronic illness. Canadian Family Physician. 2006;
52(9):1100-1105

Weinstein RS. Glucocorticoid-induced osteoporosis. Reviews in Endocrine & Metabolic
Disorders. 2001;2(1):65-73

Weinstein RS. Glucocorticoid-induced osteonecrosis. Endocrine. 2012;41(2):183-190

Van Staa TP, Laan RF, Barton IP, Cohen S, Reid DM, Cooper C. Bone density thresh-
old and other predictors of vertebral fracture in patients receiving oral glucocorticoid
therapy. Arthritis & Rheumatology. 2003;48(11):3224-3229

Lai HC, FitzZSimmons SC, Allen DB, Kosorok MR, Rosenstein BJ, Campbell PW, Farrell
PM. Risk of persistent growth impairment after alternate-day prednisone treatment in
children with cystic fibrosis. New England Journal of Medicine. 2000;342(12):851-859

Schakman O, Gilson H, Thissen JP. Mechanisms of glucocorticoid-induced myopathy.
Journal of Endocrinology. 2008;197(1):1-10

Whirledge S, Cidlowski JA. Glucocorticoids, stress, and fertility. Minerva Endo-
crinologica. 2010;35(2):109-125

Hviid A, Molgaard-Nielsen D. Corticosteroid use during pregnancy and risk of orofa-
cial clefts. Canadian Medical Association Journal. 2011;183(7):796-804

95



96 Corticosteroids

[231]

[232]

[233]

[234]

[235]

[236]

[237]

[238]

[239]

Sugden MC, Langdown ML, Munns M]J, Holness M]J. Maternal glucocorticoid treat-
ment modulates placental leptin and leptin receptor expression and materno-fetal
leptin physiology during late pregnancy, and elicits hypertension associated with
hyperleptinaemia in the early-growth-retarded adult offspring. European Journal of
Endocrinology. 2001;145(4):529-539

Fardet L, Petersen I, Nazareth I. Suicidal behavior and severe neuropsychiatric disor-
ders following glucocorticoid therapy in primary care. American Journal of Psychiatry.
2012;169(5):491-497

Shin SY, Katz P, Wallhagen M, Julian L. Cognitive impairment in persons with rheuma-
toid arthritis. Arthritis Care & Research. 2012;64(8):1144-1150

Keenan PA, Jacobson MW, Soleymani RM, Mayes MD, Yaldoo DT. The effect on mem-
ory of chronic prednisone treatment in patients with systemic disease. Neurology.
1996;47(6):1396-1402

CutoloM, Seriolo B, Pizzorni C, Secchi ME, Soldano S, Paolino S, Montagna P, Sulli A. Use
of glucocorticoids and risk of infections. Autoimmunity Reviews. 2008;8(2):153-155

Auphan N, DiDonato JA, Rosette C, Helmberg A, Karin M. Immunosuppression by
glucocorticoids: Inhibition of NF-kappaB activity through induction of IkappaB syn-
thesis. Science. 1995;270(5234):286-290

Van der Goes MC, Jacobs JW, Boers M, Andrews T, Blom-Bakkers MA, Buttgereit F,
Caeyers N, Cutolo M, Da Silva JA, Guillevin L, Kirwan JR. Monitoring adverse events
of low-dose glucocorticoid therapy: EULAR recommendations for clinical trials and
daily practice. Annals of the Rheumatic Diseases. 2010;69(11):1913-1919

Sholter DE, Armstrong PW. Adverse effects of corticosteroids on the cardiovascular
system. Canadian Journal of Cardiology. 2000;16(4):505-511

Duru N, van der Goes MC, Jacobs JW, Andrews T, Boers M, Buttgereit F, Caeyers N,
Cutolo M, Halliday S, Da Silva JA, Kirwan JR. EULAR evidence-based and consensus-
based recommendations on the management of medium to high-dose glucocorticoid
therapy in rheumatic diseases. Annals of the Rheumatic Diseases. 2013;72(12):1905-1913



