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Chapter

Corticosteroids in Emergency
Pathologies

Miroslav Radenkovic¢ and Ivana Milicevié

Abstract

Ever since their discovery in the fifties of the last century, as an anti-inflammatory
drugs for the treatment of rheumatoid arthritis, corticosteroids have found a significant
place and wide application in various fields of medicine. Their effects are known to be
diverse. The most significant ones are the anti-inflammatory, anti-allergic, and immuno-
suppressive effects. Furthermore, they affect the hematopoietic system. Corticosteroids
produce complex metabolic effects by stimulating glyconeogenesis, increasing the
uptake of amino acids in the liver and kidneys, and enhancing lipolysis. Given that
natural adrenocortical hormones are synthesized under the influence of stress, it is
expected that in the emergency situations, where we face vitally endangered patients
whose body is under the stress due to respiratory insufficiency or impaired hemodynam-
ics, corticosteroids do have significant place in the treatment. Thus, these drugs are used
in the treatment of acute exacerbation of chronic obstructive pulmonary disease and
asthma, in anaphylactic reactions, spinal shock, Addisonian crisis, and sepsis. During
the COVID-19 pandemic, corticosteroids found their place in certain stages of treatment,
as well as in many national protocols for the treatment of COVID-19 patients. Hence, the
use of corticosteroids in the emergency pathologies will be reviewed in this chapter.

Keywords: corticosteroids, COPD, asthma, Addisonian crisis, anaphylaxis, sepsis,
COVID-19

1. Introduction

From their first discovery, in the fifties of the last century, as anti-inflammatory
drugs for the treatment of rheumatoid arthritis, corticosteroids have found a significant
place and wide application in various fields of medicine. Natural adrenocortical hor-
mones are steroid molecules that are released from the cortex of the adrenal gland and
have numerous physiological functions. These include: (1) glucocorticoids (cortisol),

(2) mineralcorticoids (aldosterone), and (3) androgens (dehydroepi-androsterone).
Today, numerous synthetic derivatives of natural corticosteroids have been developed,
with some enhanced or oppositely reduced pharmacological properties. Glucocorticoids
show significant metabolic, anti-inflammatory, immunosuppressive, and vasoconstric-
tor effects. On the other hand, mineralcorticoids regulate the level of water and salt in
the body, help the reabsorption of Na* from the kidney tubules, and increase the excre-
tion of K*. Nevertheless, when we consider the practical application of corticosteroids in
various pathological conditions, we usually think of glucocorticoids.
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The circadian rhythm of glucocorticoids is influenced by the negative feedback
loop of the hypothalamus-pituitary-adrenal cortex. These steroid hormones are
synthesized from cholesterol. They achieve their physiological and pharmacological
effects through the intracellular glucocorticoid receptor [1]. Initially, they diffuse
through the cell membrane and bind to a receptor located on a specific protein.
Afterward, this entire complex enters the nucleus and causes the expression of certain
genes, responsible for the synthesis of specific proteins. This represents a gene-related
and time-consuming mechanism of action. There is also another, faster way of
producing the effect, where the glucocorticoid binds to the receptor in the cytoplasm,
where protein synthesis is not required, and the effect is achieved after a few minutes
of binding to the receptor.

The physiological and pharmacological effects of glucocorticoids are diverse. The
most significant ones are related to anti-inflammatory, anti-allergic, and immunosup-
pressive effects. Consequently, they affect the hematopoietic system, increasing the
number of neutrophils while simultaneously decreasing the number of lymphocytes,
monocytes, eosinophils, and basophils. They antagonize the effect of vitamin D on
the absorption of calcium from the digestive tract. To continue, they stimulate the
secretion of hydrochloric acid. These drugs have complex metabolic effects as well,
thus stimulating gluconeogenesis, increasing the uptake of amino acids in the liver
and kidneys, and enhancing the lipolysis. They also cause catabolic effects in lym-
phoid and connective tissue and muscles, as well.

Due to the wide range of described effects, a large number of different pathologi-
cal conditions can be identified where these drugs may be used, including various
methods of administration (oral, intravenous, and inhalation). Given that natural
adrenocortical hormones are usually synthesized under the influence of stress, in
cases where the hypothalamus was stimulated, this endocrine structure releases
corticotropin-releasing factor (CRF). Consequently, the pituitary gland releases cor-
ticotropin (ACTH) and leads to the release of cortisol, which finally starts a cascade
of metabolic processes to overcome the stress. It is expected that in the emergency
situations with vitally endangered patients, whose body is under the stress due to the
respiratory insufficiency or impaired hemodynamics, the corticosteroids will cer-
tainly have an important place in the treatment.

These drugs are used in the treatment of acute exacerbations of chronic obstruc-
tive pulmonary disease (COPD) and asthma, in anaphylactic reactions, in spinal
shock, and in Addison’s disease and related crisis. According to the guidelines for the
treatment of sepsis and septic shock from 2017, as well as the revised recommenda-
tions from 2021, the corticosteroids are included in the treatment of this serious and
urgent condition [2]. During the COVID-19 pandemic, corticosteroids have found
their place in certain stages of treatment and were accordingly included in many
national protocols for the treatment of COVID-19-positive patients.

In the further segments of this chapter, the most important indications for using
glucocorticoids in the emergency pathologies will be addressed.

2. Acute exacerbations of chronic obstructive lung disease

Chronic obstructive pulmonary disease (COPD) is characterized by limited
(reduced) airflow in the airways. The obstruction is progressive and related to the
inflammatory process caused by harmful particles and gases from the external environ-
ment. Smokers and mostly people over 40 years of age were linked to the COPD.
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It is the third most common cause of death in the world and the seventh cause
of reduced overall health ability [3]. According to data from the World Health
Organization (WHO) from 2011, only in the USA, there were about 13 million adults
being treated from the COPD [4]. The main symptoms of COPD include choking,
coughing, and expectoration of the purulent contents. Acute exacerbation of the disease
obligatory implies the need for the additional therapy and in some cases hospitaliza-
tion, and it clearly affects the progression of the disease and mortality. Exacerbations
of COPD are most often associated with infection, inhalation of air pollution, and the
influence of other chronic diseases that the patient is suffering from. Given the hetero-
geneity of the disease exacerbation causes, the basic form of COPD treatment is related
to the causal therapy against the causative agent, modulation of the overall body’s
response, and the maintenance of the patient’s respiratory and hemodynamic status.
Corticosteroids are present in all protocols for the treatment of acute COPD,
but determining the most effective dose and duration of therapy is still a subject of
research. They are used as intravenous, oral, and inhalation therapy. They improve
ventilation and gas exchange, as shown by pulmonary function tests; also reduce
dyspnea; and, finally, speed up the recovery and duration of hospital treatment.
Systemic corticosteroids have been the standard therapy in COPD exacerba-
tions for many years. Of course, long-term use of glucocorticoids is an independent
risk factor for increased mortality in patients with COPD. This is mainly due to a
number of possible side effects and the impact of therapy on associated diseases.
The Reduce study showed that the therapy with 40 mg of prednisone intravenously
for 5 days was as effective as 14-day therapy in terms of repeated exacerbations [5].
The latest guidelines of the European Respiratory and American Chest Association
favor a shorter treatment period (less than 14 days) and emphasize the use of oral
preparations over the systemic ones. Even for patients who are hospitalized for the
treatment of exacerbations, a short-term oral therapy is recommended [6]. Several
studies have shown better efficacy of short-term therapy, as well as favorable phar-
macokinetics of this type of treatment, which enables adequate drug bioavailability.
In addition to systemic and oral therapy, inhalation therapy with corticosteroids, in
combination with long-acting bronchodilators, was shown to be effective, too [7].
Today, clinicians are turning to the latest guidelines from the GOLD study, which
represents the Global Strategy for the Diagnosis, Treatment, and Prevention of COPD,
revised in 2019 [8]. The GOLD study emphasizes an individual approach, based on the
severity of symptoms, risk of exacerbation, comorbidities, adverse effects, response
to therapy, and availability of medication. This is precisely why the number of eosino-
phils is determined for each patient, because the anti-inflammatory effect of cortico-
steroids depends on how much inflammation plays a role in the pathogenesis of the
disease. Recent studies have shown that the number of eosinophils is a direct predictor
of the effectiveness of corticosteroids in preventing future exacerbations. Therefore,
an individual pharmacological treatment plan must be applied for each patient, both
for the disease and for an emergency, such as an exacerbation, still based on comorbid-
ities, severity of symptoms, risk of side effects, hemodynamic, and respiratory status.

3. Acute asthma exacerbations

Asthma is a chronic inflammation of the airways that causes their hypersensitivity
to various factors from the external environment. In fact, they provoke a narrowing
of the airways, which in turn causes discomfort in the form of a feeling of shortness

3



Updates on Corticosteroids

of breath, coughing, and wheezing in the chest. The disease can occur in young
children, and it can also develop in the elderly. There are numerous causes, recognized
as external and internal ones. The external ones include air pollution, allergens in the
air, pollen, industrialization, internal genetic predisposition, a diet with use of addi-
tives, maternal smoking during pregnancy, and so on. All these factors lead to airway
inflammation, further increased mucus production, airway wall remodeling, and
bronchial hypersensitivity. Given that inflammation has a key role in the pathogenesis
of the disease, the main goal in the treatment of asthma is to control the symptoms
and signs of inflammation in order to avoid future exacerbations.

An acute asthma attack is an episode of progressive suffocation, shortness of breath,
coughing, and wheezing in the chest. According to some authors, an acute asthma
attack is one specific condition that requires the use of systemic corticosteroids [9].

It has been established that corticosteroids reduce inflammation in the airways.
They are most commonly used in the form of inhalation preparations in the chronic
therapy of asthma as well as systemically when needed in severe exacerbation epi-
sodes. The recommendation in all guidelines for the treatment of acute asthma attack
is to repeat the inhaled dose of a drug and if there is no improvement, to introduce
systemic therapy. As with COPD, the preference is given to oral preparations, 50 mg
of prednisolone for 5-7 days [10]. As previously confirmed, a short-term treatment
is considered to be more effective [11]. It is recommended to introduce the oral
preparation in the first hour of the attack. Oral preparations are recommended in
exacerbations, as well as maintenance therapy in patients with a severe form of the
disease, which accounts for about 10% of patients. Of course, the use of oral and
systemic corticosteroids can be associated with a number of side effects. This is why
the recommendations direct us to use systemic corticosteroids only for 5-7 days
during acute exacerbation. In a large cohort study, Vorham et al. [12] showed that the
use of oral corticosteroids in Great Britain is far higher than recommended, in terms
of doses (more than 7.5 mg/dL) and duration of administration, wherein the excessive
administration was explained by the low price of these drugs.

A special form of exacerbation of the disease is the status asthmaticus, a vitally
threatening condition with hypoxia, hypercapnia, and a high risk of developing acute
respiratory insufficiency. The recommendation for the treatment of this condition
is, in addition to oxygen support, bronchodilators and 125 mg methylprednisolone
intravenously [13].

Finally, it has to be underlined that in addition to unwanted effects of corticoste-
roids, there is also a problem of effectiveness in some patients, in the sense that not all
patients have a good therapeutic response, which means that an individual approach
is needed. Therefore, the balance between the efficacy and safety of therapy must be
established for each and every patient.

4. Anaphylaxis

Anaphylaxis is a severe allergic reaction, which has a rapid onset and development
of symptoms and can cause an anaphylactic shock with a possible fatal outcome.
Allergic reactions can be induced by medicines, food ingredients, insect bites, and so
on. Visual changes rapidly occur at the point of an allergen entry, followed by itch-
ing, urticaria of the skin, angioedema, bronchospasm, rhinorrhea, gastrointestinal
disorders, a drop in arterial tension, and, if not responded to in time, an overall shock.
The first step in treatment would be to administer epinephrine.
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Glucocorticoids are often given in anaphylaxis, but there is a little evidence of their
effectiveness. Due to the specific mechanism of action, which includes intracellular
position of the respective receptors, their effect may take several hours to be fully
developed. So, these drugs would not be able to act on the initial signs and symptoms
of anaphylaxis. However, one of the reasons for their widespread use in this disorder
is to prevent the second (so-called protracted) phase of an anaphylactic reaction,
which sometimes may exist or occur even after several hours. Nonetheless, in the
recent literature, there are several studies that did not confirm the previous notion.
Hence, the use of glucocorticoids can be possibly justified in patients who are hospi-
talized for anaphylaxis, in order to further prevent bronchospasm, or who are already
being treated from COPD and asthma.

In 2021, the Resuscitation Council of Great Britain published the new guidelines
for the care and treatment of anaphylaxis that support the complete exclusion of the
use of glucocorticoids. There was reportedly little evidence to support that glucocor-
ticoids prevent the delayed response. In some studies, it has even been shown that the
use of these drugs was associated with greater mobility, or increased hospitalization,
in the case of prehospital administration. The explanations suggested that perhaps the
administration of glucocorticoids actually delayed the administration of epinephrine,
which should be the first drug of choice in this case [14, 15].

5. Spinal shock

Spinal shock, occurring after spinal cord injury, is a special pathological condition
characterized by the loss of all neurological activity below the level of injury. These
would include the loss of motor, sensory, reflex, and autonomic functions. It starts
30-60 minutes after the spinal cord injury and can last up to 6 weeks after the injury.
It can lead to permanent disability.

Until recently, methylprednisolone was widely used in the early stages of treatment
after the spinal cord injury, namely, in the first 8 hours. In recent years, more and
more studies have shown that there is no difference between patients that received
methylprednisolone and the placebo group, especially in terms of the motor response.
The side effects are unfortunately numerous [16]. In animal models, the follow-up
studies provided specific evidence at the molecular level, as well. Thus, Nelson et al.
[17] showed in their research using a fish model that glucocorticoids inhibited neuron
regeneration by directly acting on ependymal glial cells, independently of microglia.

Considering the severity of the clinical presentation that exists in a spinal cord
injury, as well as a series of side effects related to corticosteroids, more studies are
needed to examine the exact relationship between the risks and benefits of using
these drugs in this specific condition.

6. Addisonian crisis

Addison’s disease is a rare chronic condition that occurs when the adrenal glands are
unable to provide sufficient amounts of hormones (glucocorticoids, mineralocorticoids,
and androgens). Consequently, therapeutic hormone replacement is necessary. Addison’s
disease is also called primary adrenal insufficiency. Given that quoted hormones partici-
pate in the metabolism of water and electrolytes, and are also important for producing
energy, this is a clinically difficult condition that can initially occur its most serious
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form—adrenal crisis. The patient is vitally endangered with a severe clinical picture of
arterial hypotension, dehydration, abdominal pain, nausea, and vomiting. Addisonian
crisisis not such a common condition, but it is linked with a high mortality rate, as much
as 45% [18]. The most common causes of adrenal gland insufficiency are autoimmune
disease, then tumor infiltrations, and infarctions or hemorrhages within the glands, and
so on. When the disease develops gradually, it is very difficult to establish the correct
diagnosis, because the symptoms and signs are general and nonspecific, including
malaise, weakness, muscle pain, loss of body mass, or hyperpigmentation on the skin.

Primary adrenal insufficiency occurs as a result of disturbed function of the
adrenal gland itself, primarily in an autoimmune disease, severe infection, or cessa-
tion of the cortisol production in newborns due to congenital adrenal hyperplasia.
Secondary adrenal insufficiency occurs due to dysfunction of the hypothalamus-pitu-
itary-adrenal axis. Inadequate stimulation of the adrenal cortex occurs due to lack of
adrenocorticotropic Hormone (ACTH). This condition frequently occurs associated
with tumors of the pituitary gland, surgical interventions in that anatomical region,
as well as after its radiation [19]. It is very important for clinicians to clarify whether
a primary or a secondary adrenal insufficiency is present, because in the primary
adrenal insufficiency, all the hormones produced by the adrenal cortex are absent
while in the secondary insufficiency, only the hormones secreted under control of
ACTH (cortisol and sex hormones). Substitution of aldosterone, which is controlled
by the renin-angitensin system, is not required.

Addisonian crisis can also occur in people with adrenal insufficiency being on sub-
stitution therapy with glucocorticoids but experiencing specific circumstances, such
as trauma, infection, increased effort, pregnancy, surgical interventions, and so on. It
has to be underlined that the Addisonian crisis is an urgent endocrinological condi-
tion, where the prompt diagnosis and initiation of therapy is of crucial importance,
since if the adequate therapy would not be started on time, a fatal outcome can occur.

Initial treatment in Addisonian crisis involves intravascular volume replacement
with the crystalloid isotonic solutions and the correction of hypoglycemia by using
5% glucose solution. A correction of hormonal status by using glucocorticoids and
mineralcorticoids is required, as well. Thus, in an adrenal crisis, it is necessary to
immediately prescribe 100 mg intravenous hydrocortisone and then to continue with
50-100 mg intravenously every 6 hours during 1 day. In children, the recommended
dose is 50 mg/m?, with maximum of 100 mg. Given that quoted doses of glucocor-
ticoids have minimal mineralocorticoid effects, it is not necessary additionally to
prescribe fludrocortisone (a mineralcorticoid) at this time.

There are still challenges existing in treating Addisonian crisis. First of all, there
are no adequate biomarkers that would show us the exact levels of cortisol in the tis-
sues. It is encouraging that there are some studies that may provide us with a certain
precision in determination of cortisol in hair, saliva, and subcutaneous fat tissue [20].
It is very difficult to prescribe quite precise individual effective dose, because the
levels of glucocorticoids in the blood are under different influences, and of course,
there is also an existing receptor polymorphism, which needs to be considered. It is
also challenging to establish how much it is necessary to increase the initial doses of
glucocorticoids during the treatment that are given as a substitution in a different set-
ting of stress reactions. Although there are studies that could investigate this problem
in clear situations of infections, surgical interventions, and trauma, it is quite another
thing to determine how much glucocorticoids we need during an emotional stress.
Therefore, more studies are needed to help us in determining a precise individual
therapeutic regimen for Addisonian crisis.
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7. Sepsis

Sepsis is a life-threatening condition accompanied with organic dysfunction,
which is caused by an inadequate response of the body to an infection. Considering
the high incidence and mortality, as well as long-term treatment in intensive care
units associated with high costs, the sepsis has become a global problem in the recent
decades. For these reasons, the scientific community has been working for a long time
to develop common guidelines for the prevention, rapid detection, and treatment of
sepsis through the Surviving Sepsis Campaign guide. The last recommendations were
revised in 2021. The guidelines help in faster recognition of sepsis, earlier initiation of
antibiotic therapy, and maintenance of the patient’s hemodynamic status, respiratory
support, and additional therapy.

Patients with sepsis have an increased heart and respiratory rate, decreased sys-
tolic pressure, disturbed consciousness, and elevated body temperature. Septic shock
can occur very quickly, represented by circulatory, cellular, and metabolic instability,
and it arise with a mean arterial pressure (MAP) of less than 65 mmHg and a lactate
level of more than 2 mmol/L [21]. For that reason, it is of crucial importance regard-
ing the sepsis therapy to establish hemodynamic stability and a tissue perfusion as
soon as possible. There are clear guidelines for the amount and type of infusion solu-
tions, as well as for prescribing vasopressors. The recommendations for the treatment
of sepsis from 2016 advised the use of hydrocortisone intravenously only in patients
who cannot reach hemodynamic stability despite fluid replacement therapy and the
inclusion of the recommended vasopressor drugs.

The latest recommendations from 2021 state that intravenous hydrocortisone
should be included for all patients being in septic shock and required vasopressor
support. Hence, hydrocortisone is to be prescribed in a dose of 200 mg intrave-
nously daily, 50 mg every 6 hours, or in a continuous infusion. Since the previous
guidelines were instituted, three large studies have been published on the use of
corticosteroids in the treatment of sepsis [22, 23]. Rigard et al. [24] also showed
in their meta-analysis that systemic corticosteroids accelerated recovery from
shock and shortened the time of vasopressor use. However, in this analysis, it
was established that corticosteroids increase neuromuscular weakness, and there
is still no clear connection between their use and the impact on mortality, too.

So, taking all together previous facts into account, in an attempt to balance the
pros and cons, these drugs are still to be included in the recommendations for the
treatment of sepsis.

Given that the pathogenesis of sepsis is based on an inadequate immune response,
it is logical that clinicians have long been trying to include corticosteroids as drugs
with anti-inflammatory effects in the regular therapy. Liang et al. [25] showed in
their meta-analysis that corticosteroids had no effect on mortality after 28 days or
on long-term mortality, but they did detect some reduction in in-hospital mortality.
They also showed that corticosteroids prolong time the patient is without vasopres-
sor and ventilatory support as well as increase the incidence of side effects, such as
hyperglycemia and hypernatremia. Moreover, the use of corticosteroids was associ-
ated with a shorter duration of hospitalization in the covered randomized studies.
Nevertheless, the proper timing of systemic corticosteroids use in sepsis is still
under investigation. This all lead us to the conclusion that more studies are needed
to help clarifying the individual steps in the pathophysiological process of sepsis so
that clinicians could decide on the type of therapy and the precise timing for each
individual drug.
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8. COVID-19

At the end of 2019, a number of patients with pneumonia of unknown etiology
appeared in the Chinese city of Wuhan. It was quickly established that the causative
agent of coronavirus disease (COVID-19) is a virus from the Coronaviridae family,
which was named Novel Coronavirus, that is, SARS-Cov-2 (Severe Acute Respiratory
Coronavirus). The disease has been proved to be extremely contagious; it quickly
took the form of an epidemic, so afterward, on March 11, 2020, the World Health
Organization (WHO) announced the beginning of a pandemic. Quick diagnosis was
difficult due to the non-specificity of symptoms and laboratory findings. The therapy
included antiviral drugs, anticoagulants, corticosteroids, biological and multivitamin
therapy, as well as oxygen support.

At the beginning of the pandemic, the use of corticosteroids in the treatment
of COVID-19 had a controversial character. Given that it was discovered early that
the disease leads to impairment in regulation of the immune response and excessive
production of cytokines, it was logical that drugs with an anti-inflammatory and
immunosuppressive effects would have a therapeutic effect. It has been later shown
that corticosteroids were useful in patients who were on oxygen support, especially
those on mechanical ventilation, and these drugs should be avoided in those with a
milder form of the disease or with specific comorbidities, due to a series of possible
drug-induced unwanted effects [26].

Many randomized studies have shown that corticosteroids reduced mortality in
COVID-19 [27]. This led the WHO to include corticosteroids in the guidelines for
the treatment of patients with a severe form of the disease [28]. Accordingly, corti-
costeroids have also been shown to reduce mortality and the duration of mechanical
ventilation in affected patients [29].

The large randomized study RECOVERY [30] investigated the effectiveness of
dexamethasone administration in patients with COVID-19. The results showed that
mortality in those who received dexamethasone was significantly lower compared to
the group that received the other proposed therapy, especially in patients who were
on mechanical ventilation or had an oxygen support. The mortality in those who did
not require oxygen support did not differ from patients who were without cortico-
steroids. Also, the study showed that in those who did not take corticosteroids and
were on oxygen support, deterioration in terms of the need for mechanical ventilation
occurred more often.

The WHO provided a prospective meta-analysis of existing research on the treat-
ment of COVID-19, the so-called REACT study [31]. The analysis showed that mortal-
ity was lower in the groups of patients who received corticosteroids. Mortality did not
differ between the dexamethasone and the hydrocortisone groups. There was no dif-
ference to in terms of the amount of dose, as well. This meta-analysis showed that the
success of therapy depended on the severity of the clinical presentation. Namely, the
efficacy of the corticosteroids use was more pronounced in the group that presented
severe clinical features with the need for oxygen support or mechanical ventilation.
This meta-analysis also showed the effect of corticosteroids on prolonging the elimina-
tion of the virus through the mucous membranes of the nasopharynx and oropharynx.
This resulted in prolonging the time of the positive result of the PCR test and was
explained by the suppression of the immune response. Based on the previous facts, the
WHO made adjusted recommendations for the treatment of COVID-19 infection and
included corticosteroids in standard therapy. The European Respiratory Society gave a
strong recommendation for the systemic use of corticosteroids, as well [32].
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