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Treatment and Prevention of Adrenal Crisis and Family Education
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Abstract

Adrenal crisis is a life threatening complication of adrenal insufficiency (Al). Its treatment is urgent and parenteral hydrocortisone
(HC) should be given at 10-15 times physiological doses in this situation. If HC is not available, alternatively prednisolone or methyl
prednisolone may be used. In cases where peripheral venous access cannot be achieved quickly, intramuscular (IM) administration
should be performed without delay. Fluid deficit, hypoglycemia, hyponatremia and hyperkalemia should be evaluated and corrected.
Stressful conditions, such as physical stress, accidents, injuries, surgical interventions and anesthesia increase the need for cortisol and
may lead the development of adrenal crisis. In order to prevent adrenal crisis, glucocorticoid dose should be increased according to
the magnitude and severity of the stress situation as described in this review. Patients’ and/or their families’ education may improve
the management of Al and reduce the frequency of adrenal crisis and/or mortality. They should be trained about conditions leading to
adrenal crisis, how to increase the glucocorticoid dose in stress situations, recognizing signs of adrenal crisis and using IM HC if it is
needed. All patients should be encouraged to carry a card/information sheet/medical alert bracelet or necklace indicating the diagnosis
of Al and need for HC administration. It is useful for patients and parents to have an emergency glucocorticoid injection kit and to receive
self-injection training.
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There is no agreement upon the definition of adrenal
crisis. It is considered to be acute clinical deterioration of
a patient with Al (5). A definition of adrenal crisis in adults
has been reported as the presence of at least two of the

Introduction

Adrenal crisis is the most frightening complication of
adrenal insufficiency (Al). The annual incidence has

been reported as 4.4-17/100 patient years, and 1/200
cases of adrenal crisis result in death every year (1).
Acute adrenal crisis usually occurs when a child with
undiagnosed chronic Al is exposed to additional stress.
Various infections, especially respiratory infections in early
childhood and gastrointestinal infections in older ages,
play an accelerating role in the emergence of adrenal crisis
(2,3). Furthermore, any condition that increases the need
for cortisol, like physical stress, accidents, injuries, surgical
interventions and anesthesia may lead the development of
adrenal crisis (4).

following symptoms or findings: hypotension, nausea/
vomiting, severe weakness, hyponatremia, hypoglycaemia
and hyperkalemia, as well as deterioration in general health
and well-being. Adrenal crisis may be the first clinical
presentation of undiagnosed Al. Signs and symptoms of Al
and adrenal crisis are summarized in Table 1.

In individuals without Al, glucocorticoid release is increased
in situations that stress the body (anesthesia, surgery,
major trauma, febrile infections, sepsis, and so on)
(3,6,7,8,9,10,11). Since endogenous glucocorticoid release
cannot increase during stressful situations in individuals
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with Al, the glucocorticoid dose should be increased to the
stress dose to prevent the onset of Al symptoms and adrenal
crisis (3,12,13). Two case reports published in 1952 and
1953 reported that a patient on chronic steroid treatment
died of cardiovascular collapse related to secondary Al
after surgery, which was considered to be the first evidence
of this (14). There are no randomised controlled trials
investigating the dose of glucocorticoids that should be given
in stressful situations that increase cortisol requirements in
children with Al. As it is thought that unnecessarily high
doses of glucocorticoids may cause side effects, such as
hyperglycaemia, impaired wound healing, increased risk
of infection, gastrointestinal ulcers, osteopenia, growth
suppression and adipogenesis, it is important to determine
the actual dose required in stressful situations (15,16).
However, it is suggested that preventing the negative effects
associated with insufficient steroid use is more important
than the problems that may arise from short-term high dose
steroid use (3).

The most important way to protect patients from life-
threatening adrenal crisis is to ensure patient awareness
through appropriate education (2,17). Education of children
with Al and/or their families about the diagnosis and
treatment, stressful situations, and how to increase the dose
of steroids in stressful situations, may improve management
of the disease and reduce the frequency of adrenal crisis.
Training them to recognize symptoms of adrenal crisis and
using intramuscular (IM) hydrocortisone (HC) if it is needed
may reduce morbidity and mortality. It is important to repeat
training periodically. When the patients with known Al are
evaluated 6 months after a three-hour training session,
it was found that they gave significantly more accurate
answers to scenarios in which a possible adrenal crisis
could develop (18). It is appropriate for patients/caregivers
to have a written document or identification material (card,

medical alert bracelet etc.) to be shown to the first consulted
healthcare professional regarding what can be done in
emergency situations.

Since Al and its complications are rare life-threatening
conditions, it is important to ensure standardised
approaches by physicians in its management. This evidence-
based review with good practice points is developed by
the ‘Adrenal Working Group’ of ‘The Turkish Society for
Pediatric Endocrinology and Diabetes’. We developed this
evidence-based review for “Treatment and Prevention
of Adrenal Crisis and Family Education” in children and
adolescents with Al. The overall purpose of this evidence-
based review is to provide good practice points, with focus
on recommendations for daily management.

Treatment of Adrenal Crisis

Adrenal crisis may be the first sign of Al. Symptoms such
as fatigue, weakness, tachycardia, hypotension, nausea,
vomiting, abdominal pain and seizures generally respond
very quickly to parenteral HC administration. If it is not
recognized and treated quickly, coma and death may occur
(19). For these reasons, adrenal crisis treatment should
never be delayed for reasons such as waiting for test
results. However, it is extremely important to take a blood
sample for diagnostic tests, especially basal serum cortisol
and ACTH levels, before treatment (3). Achieving clinical
improvement after HC administration is considered as an
essential diagnostic criterion (20).

Since adrenal crisis is a life-threatening situation, treatment
should not be delayed (3,21). An example for algorithm of
Al treatment for emergency department can be seen in
Figure 1. Although the intravenous (IV) route is preferred
in hospital conditions, IM administration is also effective
in cases where vascular access cannot be established (4).

Table 1. Clinical findings of adrenal insufficiency and adrenal crisis* (3)

Symptom Finding Laboratory
Adrenal insufficiency Weakness Hyperpigmentation (PAI only) Hyponatremia
Weight loss Growth failure Hyperkalemia

Postural dizziness
Anorexia, abdominal discomfort

Adrenal crisis Severe weakness, syncope

Abdominal pain, nausea, vomiting, sometimes back

pain

Confusion

Low blood pressure Hypoglycemia
Occasionally hypercalcemia
Hypotension Hyponatremia

Abdominal sensitivity, defence Hyperkalemia

Confusion, delirium Hypoglycemia

Rare hypercalcemia

*Since many symptoms are non-specific and have been present for a long time, there are often delays in diagnosis. Hyponatremia and hyperkalemia often mediate the
diagnosis. Hyperpigmentation is a specific finding but varies among individuals and requires comparison with the individual’s past pigmentation status. Adrenal crisis
requires emergency treatment. Preventing adrenal crisis is an important part of patient management. Findings of autoimmune diseases that may accompany adrenal
insufficiency, neurological findings in patients with adrenoleukodystrophy, and findings of diseases that cause adrenal infiltration may also be observed.

PAI: primary adrenal insufficiency
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Regardless of the route of administration, HC absorption
occurs at similar levels (22).

It is known that the level of endogenous cortisol increase in
acute stress situations, such as critical illness, anesthesia,
and surgery, varies greatly from patient to patient (8,9,23).
It is thought that increased glucocorticoid secretion during
critical illnesses is necessary for the proper functioning of
defense mechanisms (such as cytokine release) as well as
to prevent the negative physiological changes that may
occur due to excessive stress response (24). There are no
randomized clinical studies examining the glucocorticoid
doses that should be used in cases where cortisol
requirement increases. However, it is thought that this need
is directly proportional to the duration and severity of the
stressful situation. Traditionally, it is estimated that adults
will release 75-100 mg/day of cortisol in major surgery
and 50 mg/day in minor surgery. It has been observed that
cortisol release rarely exceeds 200 mg per day after some
procedures (11). The purpose of using these high doses is not
only to mimic the cortisol response in normal individuals,
but also to meet unexpected needs that may arise as a result
of complications. There is no direct evidence to suggest that

Triage/hospitalization

!

these doses are harmful or that lower doses are safe. It is
known that approximately 50 mg of HC is equivalent to 100
mcg fludrocortisone (25). Since sufficient mineralocorticoid
effect is achieved when approximately 50 mg/day HC is
used, additional mineralocorticoid use is not recommended
at these doses (3,23). If a cause, such as infection, that
triggers adrenal crisis is present, that should be treated
separately (26).

Glucocorticoids are secreted into the systemic circulation in
a pulsatile and circadian manner. Cortisol release rate has
not been found to be related to gender or pubertal status
in children (27). A person with normal adrenal function
secretes cortisol approximately 5-10 mg/m?/day (28). Under
conditions of stress, cortisol release rate can increase up
to 10-15 times. Insufficient use of glucocorticoids during
adrenal crisis are potentially dangerous. However, there are
no systematic dose-response studies done on this subject,
and the recommended glucocorticoid doses in treatment
are largely empirical.

In the treatment of adrenal crisis, a continuous infusion
of HC 2 mg/kg/day can be performed after administration
of HC 1V bolus 4 mg/kg, until stabilization is achieved.

check blood sugar

Evaluate vital signs, insert IV line,

Take blood sample for CBC, electrolytes

!

IV hydrocortisone ... mg — If IY line is not established wit‘hin 15
minutes, apply IM hydrocortisone
IV 5% Dex 0.9% NaCL
Start 1.5-2 X maintenance
l Contact information
‘ Contact a pediatric endocrinologist ‘ —) phone number (...)
Hospitalization

‘ Refer to step 3 hospital | |

\

/

At stress dose ..... mg HC

every 6 hours

Figure 1. Algorithm sample of adrenal insufficiency treatment for emergency department (4)

HC: hydrocortisone, 1V: intravenous, IM: intramuscular, SC: subcutaneous, CBC: complete blood count
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Alternatively, the same dose can be divided and IV/IM bolus
can be applied at 4-6 hour intervals. Initial administration
of 50-100 mg/m? HC bolus followed by 50-75-100 mg/m?/
day continuous infusion or at 6-hour intervals has also been
suggested (21). When the bolus dose is adjusted according
to age and body surface practically, the dosing regimens are:
children under two years of age/weighing < 15 kg, between
2-6 years of agelweighing 15-25 kg and over six years of
age/weighing more than 25 kg, doses are 25, 50 and 100
mg HC, respectively (21). In cases where peripheral venous
access cannot be achieved quickly, IM administration should
be performed without delay.

It is recommended to avoid synthetic, long-acting steroids,
such as dexamethasone in childhood (3,20). HC and
prednisolone are active glucocorticoids. Cortisone acetate
and prednisone are activated by hepatic 11 beta hydroxy
steroid dehydrogenase. The use of inactive precursor
glucocorticoids may show greater pharmacokinetic changes
due to individual differences. However, this issue has not
been studied systematically (3).

If HC is not available, prednisolone can be used as an
alternative. Dexamethasone should not be used, except
as a last resort, as it has a high growth suppressant effect
but a very low mineralocorticoid effect (3). Prednisolone
has four times the glucocorticoid activity of HC, and
methylprednisolone has five times the glucocorticoid activity.
Therefore, if prednisolone is to be used, the dose should be
calculated as 1/4, and if methylprednisolone is to be used,
the dose should be 1/5 of the HC dose (20,21). Although the
use of steroids other than HC is not recommended, in cases
where there is no other option, calculation of the equivalent
doses of the other steroids is needed (29).

Dehydration, hypoperfusion and hypotension may occur in
glucocorticoid and mineralocorticoid deficiency. If there is
hypotension, 0.9 % saline bolus can be given at a dose of 20
mL/kg; in case of shock, this dose can be increased up to 60
mL/kg in one hour (3,4,30,31).

The amount of IV fluid to be given during adrenal crisis
treatment is calculated as maintenance + deficit and can be
adjusted as 150-180 mL/kg/day in newborns and 2.5-3 liters/
m?/day in older children, depending on the age and needs
of the patient (20,21). For this purpose, 5% Dextrose 0.9 %
NacCl (or 5% Dextrose 0.45 % NacCl) is often the appropriate
treatment option (3,21). Deficit treatment replaces the fluid
lost by the patient according to the degree of dehydration.
In order to calculate the deficit fluid, the patient’s weight
and degree of dehydration must be known (32). Assessment
of clinical dehydration can sometimes be misleading, and

patients need to be closely monitored and fluid needs
should be re-evaluated during treatment. The patient’s fluid
and electrolyte therapy should be rearranged according to
clinical and biochemical monitoring (such as blood pressure,
heart rate, urine output, state of consciousness, glucose
level) (33).

Glucocorticoids play an important role in maintaining blood
glucose balance. Hypoglycemia, a symptom of acute Al, is
more common in children than adults. Blood glucose should
be monitored hourly (21). In case of hypoglycemia, IV bolus
10% Dextrose given at a dose of 2-10 mL/kg should be
continued with a fluid containing 5% or 10% Dextrose to
maintain normoglycemia, depending on the patient’s blood
glucose level. If it is needed, 25% Dextrose (0.5-1 g/kg,
maximum 25 g at a time, at a rate of 2-3 mL/hour) can be
given using a central vein (3,4,21,30,31).

Sodium and potassium levels should be monitored carefully
(21). Hyponatremia is the most consistent biochemical
finding seen in acute Al (34). Sodium is the dominant cation
of extracellular fluid and is very important for maintaining
intravascular volume as it is the determinant of osmolality.
Hyponatremia in Al occurs due to renal losses as a result
of glucocorticoid and mineralocorticoid deficiency (32).
To correct hyponatremia, 10-15 mEg/kg/day NaCl can be
given in rehydration fluids containing Dextrose, but the rate
of increase in plasma sodium level should not exceed 0.5-
1 mEg/hour (10-12 mEq/24 hours or 18 mEq/48 hours). It
should be taken into account that sodium levels may rise
rapidly when HC is applied. In cases of severe findings, such
as seizures, IV hypertonic saline (3 % NaCl) is recommended
to increase serum sodium and protect against brain edema.
Each 1 mL/kg of 3% NaCl increases serum sodium by
approximately 1 mEg/L. Clinical improvement is often
observed in a child with active symptoms after receiving
4-6 mL/kg of 3% NaCl. Problems such as central pontine
myelinosis, which may occur with rapid correction of
hyponatremia, are observed during the treatment of chronic
hyponatremia rather than acute hyponatremia (3,32).

If patients have severe, symptomatic or persistent
hyperkalemia despite HC and rehydration fluid, potassium-
lowering agents can be used (35). Clinical symptoms often
occur when the potassium level exceeds 7 mmol/L. The
most important finding of hyperkalemia is related to the
cardiac conduction disorders. When potassium levels are
above 6-6.5 mEg/L, an electrocardiogram (ECG) should be
taken to evaluate the urgency of the situation. ECG changes
begin with a sharpening of the T waves. As potassium
levels increase, the P-R interval becomes longer, the P wave
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becomes flatter and the QRS complex expands. Patients
might experience palpitations, atrioventricular block,
ventricular fibrillation or asystole. Paresthesia, weakness and
tingling may be observed in some patients. Cardiac toxicity
caused by hyperkalemia increases when accompanied by
hyponatremia and metabolic acidosis. Drugs used in the
treatment of hyperkalemia are summarized in Table 2
(36,37).

After correction of hypovolemia, hypoglycemia, electrolyte
irregularities and clinical improvement, with parenteral
treatments, oral HC treatment (30-50 mg/m?/day) can be
started (21). At least three times the usual HC dose should
be given on the first day, then gradually reduced over
a few days and switched to the normal dose (20). In this
case, fludrocortisone (0.05-0.1 mg/day) can be added if
necessary. Using dexamethasone alone in glucocorticoid
replacement therapy may lead to adrenal crisis because it
has no mineralocorticoid effect.

Good practice points:

1.Adrenal crisis treatment is urgent and should never
be delayed for reasons such as waiting for test results.
However, it is very useful to take a blood sample for
diagnostic tests before treatment (1BODO).

2.In the initial treatment of adrenal crisis, HC bolus 2-4
mg/kg (50-100 mg/m?) should be started IV. The use of
mineralocorticoids is not necessary in a patient receiving
a stress dose of HC exceeding 40 mg (1®@HO).

3.1f HC is not available, alternatively prednisolone
or methylprednisolone may be used. The use of
dexamethasone is not recommended (1OHO).

4.In adrenal crisis, the presence of fluid deficit,
hypoglycemia, hyponatremia and hyperkalemia
should be evaluated and corrected with appropriate
treatment (parenteral fluid support aimed at correcting
hypoglycemia, hyponatremia and hyperkalemia)
(18880).

Management of Stressful Situations in Patients with Adrenal
Insufficiency

Exercise

Exercise is defined as any activity involving the generation
of force by activated muscle(s) that results in an alteration
of the homeostatic state. In dynamic exercise, the muscle
may perform shortening or be overcome by external
resistance and perform lengthening. When muscle force
results in no movement, the contraction is termed static
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or isometric. Most activities combine varying amounts
of both isometric and dynamic exercise (38). A way to
understand and measure the intensity of physical activity is
by understanding intensity and how physical activity affects
heart rate and breathing. The talk test is a simple way to
measure relative intensity. If you can talk and sing during
activity you are doing light intensity activity (LIA). Daily
activities such as sleeping, watching television, writing, desk
work, typing or walking slower than three miles per hour are
LIAs. In general, if you're doing moderate-intensity activity
(MIA), you can talk but not sing during the activity. Walking
briskly (three miles per hour or faster, but not race-walking),
water aerobics, bicycling slower than 10 miles per hour on
primarily flat or level terrain without hills), tennis (doubles),
ballroom dancing, general gardening are examples of MIAs.
If you're doing vigorous-intensity activity, you will not be
able to say more than a few words without pausing for a
breath. For example: race walking, jogging, or running,
swimming laps, tennis (singles), aerobic dancing, bicycling
10 miles per hour or faster that may include hills, skipping
rope, heavy gardening (continuous digging or hoeing), and
hiking uphill or with a heavy backpack (39).

Studies about the need for additional steroids during exercise
in children with PAI are lacking. In patients with PAI, the use
of an extra dose of HC before short-term intense exercise
has not been shown to be superior to placebo in terms of
exercise performance and blood glucose levels (40,41).
Therefore, the use of extra doses of steroids for short-term
exercise is not recommended. There are few published
studies on the need for stress dosing in the case of intense,
prolonged physical activity (running a marathon, cycling
race, ski race, etc.). One study showed healthy athletes
exhibited cortisol elevations similar to major surgery after
running a marathon (42). Another study reported that
healthy athletes participating in ultra marathons were
more prone to decreased adrenal responsiveness, and in
severe cases, Al (43). In a case report, a 50-year-old male
endurance athlete with known PAI reported severe fatigue,
nausea, and malaise after competing in prior marathons
and intensive endurance exercise. After supplementing
with 3-fold daily glucocorticoids and mineralocorticoids
before competition, he experienced decreased symptoms
and improved performance (44). To better care for these
patients, further studies should be conducted to provide
safe and effective glucocorticoid and mineralocorticoid
dose adjustments before intensive endurance exercise.
Close symptomatic surveillance while adjusting adrenal
replacement therapy before the event will likely result in
less adverse side effects and improved performance (44).
The guideline of the French Endocrine Society recommends
an additional dose of 5 mg of HC every three hours, starting



] Clin Res Pediatr Endocrinol
2025;17(Suppl 1):80-92

Camtosun E and Sangin O.
Treatment and Prevention of Adrenal Crisis

Table 2. Medications used in the treatment of hyperkalemia (36,37)

Medicine Dose Effect duration Side effect/complication
Dextrose/insulin 0.5-1 g/kg dextrose and Fast Hypoglycemia, hyperosmolarity

0.2 units of insulin for every 1 g of glucose
Salbutamol Nebulized: Fast Tachycardia

2.5mg <25Kkg

5mg >25Kkg
Sodium bicarbonate 1-2 mmol/kg in 30-60 min moderate Sodium overload (hypertension)
Furosemide 1-2 mg/kg moderate Ototoxicity, nephrotoxicity
lon exchange resins p.o. or p.r. Slow p.o.: Nausea, constipation, paralytic ileus.

Calcium resonium 1 g/kg
Sodium resonium 1 g/kg

Ca-gluconate 10 % 0.5-1 mL/kg in 5-10 minutes

If mixed with sorbitol, diarrhea
p.r.: Cecal perforation

Hypercalcemia, tissue necrosis
NOTE: Calcium gluconate antagonizes cardiac effects
although does not have a potassium-lowering effect.

one hour before the activity, for long-duration, high-intensity
activities (expert opinion) (45).

Other Drugs That Change Cortisol Metabolism

Some drugs, such as carbamazepine, phenytoin,
phenobarbital, and rifampin, increase cortisol clearance
by stimulating cytochrome p450 3A or P-glycoprotein
efflux membrane transporters. Therefore, the use of these
drugs with glucocorticoids may require the use of higher
replacement doses, and if the necessary dose increase is
not made, adrenal crisis may be induced (3,46,47).

Febrile and Non-febrile llinesses

The most common triggers of adrenal crisis in children
with Al are upper respiratory tract infections in young
children and gastrointestinal infections in older children
(3). Cortisol release increases 2-5 fold in febrile illnesses
in children; whereas this increase is milder (2-3 fold) in
cases of pharyngitis, urinary tract infection and otitis. It is
more pronounced (about 5 fold) in cases of pneumonia,
bacterial meningitis and fever of unknown origin. However,
no relationship has been found between the degree of high
fever and cortisol release (10). Various guidelines on the
management of Al also recommend increasing the dose of
HC during febrile periods of infection (3,20).

Severe Trauma or llinesses Requiring Intensive Care

One study showed mean admission cortisol levels were
elevated (35 + 3 pg/dL) and declined significantly over the
following 10 days in severely injured patients (48). In this
study, cortisol levels did not correlate with injury severity. In
another study, plasma cortisol was found to be elevated in
proportion to the degree of disease in patients followed up
in intensive care (49). Patients with normal hypothalamic-
pituitary-adrenal axis function consistently exhibit elevated
total serum cortisol levels up to 10 times the upper limit
of normal during critical illness (50,51). A cross-sectional

study reported that serum free cortisol, 24-hour urinary
cortisol and cortisol metabolite levels were significantly
higher in acute major trauma and sepsis compared with
healthy controls (7). The International Endocrine Society
guideline recommends the use of an adrenal crisis dose of
HC (initially 50 mg/m? IV HC, then 50-100 mg/m?*/day, IV
or IM HC at 6-hour intervals) in children and adolescents
with Al in cases of severe trauma, labor and in conditions
requiring intensive care (3).

Minor Local Procedures without Sedation or General Anesthesia

Dental extractions and local anaesthetic procedures can
induce stress in subjects. Many studies in adults and children
have shown that dental procedures, like local anaesthetic
injections, dental restoration and extractions elevated the
levels of salivary cortisol (52,53,54,55). It was observed
that salivary cortisol measured after tooth extraction was
approximately twice (but not more) that of control subjects
(52,53). When the difference in the effect of one or two
tooth extractions was analysed, no significant difference
was found between salivary cortisol levels (56).

Imaging Procedures Under General Anesthesia

It has been reported that cortisol levels did not increase
during general anesthesia in children without Al when
anesthesia was used for imaging procedures, and that
cortisol levels at the level of the stress response (=550
nmol/L) were found in 23 % of patients on awakening and
52% on recovery from anesthesia (8). No effect of age,
duration of anesthesia and recovery time on the cortisol
response was found. It was concluded that anesthesia alone
did not stimulate the stress response in children with Al, but
cortisol levels increased significantly during the recovery
process. The highest increase in cortisol levels seen in the
study was 4-fold compared with baseline (8). Another study
found that in children without Al, anesthesia increased
cortisol levels 3-4-fold, the lowest increase was in imaging
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anesthesia (3-fold), and the depth of anesthesia did not
affect the amount of cortisol increase (9).

Invasive Procedures Performed Under General Anesthesia

High-quality trials on perioperative steroid management in
children with Al are lacking, and more research is needed
to establish evidence-based clinical guidelines (15). The
amount and timing of cortisol released from the adrenal
cortex in response to surgery in individuals without Al is
taken into account when determining the stress doses to be
administered in the perioperative period in adult patients,
and the dose is adjusted according to the level of surgical
stress (57). However, the stress doses and application
methods recommended to date are generally based on case
series published before 2000 with a low level of evidence
and small numbers of patients (6). According to the study
published by Kehlet and Binder (58) in 1973, the estimated
cortisol secretion in the first 24 hours due to surgical stress in
healthy adults was 75-150 mg/day for major surgery and 50
mg/day for minor surgery. In older studies, cortisol secretion
in the first 24 hours of major surgery generally does not
exceed 200 mg/day (maximum 300 mg/day in one study)
(11). To date, perioperative stress cortisol doses have been
recommended based on this informations (59). As there is
little data in children, adult doses are adapted to children.

A recent systematic review and meta-analysis evaluated 71
studies published between 1990-2016 that investigated the
cortisol stress response induced by surgeries with different
severity (excluding brain surgery) in adults without Al
(6,60). In the trials conducted in patients undergoing minor
surgery, no cortisol peak was observed during surgery,
and cortisol levels within six hours after surgery did not
increase significantly compared with baseline. However,
the mean cortisol release in the first 24 hours after surgery
was approximately doubled in this group compared to
healthy, non-stressed individuals. Total serum cortisol was
found to peak during the extubation period and between
postoperative 6 and 18 hours for moderate and major
surgery respectively. In addition, mean cortisol levels in
these two groups remained higher than baseline for up to
three days postoperatively (up to seven days in a smaller
number of studies). Mean cortisol release in the first 24
hours after moderate and major surgery was 1.9 and 1.7
times higher compared to the minor surgery group, and 4
and 3.5 times higher compared to healthy and non-stressed
people, respectively. In conclusion, the extent of surgery
significantly influenced perioperative cortisol synthesis.
Perioperative cortisol release was found to be higher in
female patients compared with male patients, in open
surgery compared with laparoscopic surgery, and in those
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who received general anesthesia compared with those who
received regional (spinal/epidural) anesthesia (6).

In a recent case-control study (57), perioperative cortisol
measurements were analysed in 93 adult patients (23 minor,
33 intermediate, 37 major/major + according to the severity
of surgery) and it was found that serum cortisol peak and
time to peak were positively correlated with the degree
of surgical invasiveness. Cortisol peaks were observed at
a median of 2 (0-21.5), 4 (0-19) and 8 (0-94) hours after
induction of anesthesia in minor, intermediate and major/
major + operations, respectively. Cortisol levels returned
to baseline at a median of 8 hours and 2 (1-5) days after
induction of anaesthesia in moderate and major/major +
surgery, respectively. The authors suggested that the current
recommendations for perioperative stress doses to achieve
these levels are high and they can be reduced, and also they
can be tapered to maintenance doses in a shorter time.
However, this should be tested with prospective studies to
show that it is safe and practically applicable (57).

Studies of the cortisol response to perioperative stress in
children are very limited. In two studies investigated the
effect of minor surgical procedures performed under general
and epidural anesthesia, it was found that cortisol levels were
2.5-3 fold higher during perioperative process in the general
anesthesia group but not epidural anesthesia group (61,62).
Khilnani et al. (63) showed that postoperative cortisol levels
in 98 children and young adults increased significantly. Age,
duration of surgery and type of anesthesia were found to
have no effect on cortisol levels. In another study, during
follow up of 30 children (from preoperative period to one
hour after the end of the surgery) who underwent minimally
and moderately invasive urological surgery, it was found that
cortisol levels peaked at one hour postoperatively. However,
it was reported that mean serum cortisol levels did not
increase significantly from baseline at any measurement
(23). There was no difference in cortisol levels between
age groups, general or caudal anesthesia and minimally
or moderately invasive surgery. Based on this, it has been
recommended that the perioperative glucocorticoid dose
in minimally and moderately invasive urological surgery
should not exceed three times the daily dose and that the
dose increase should cover the postoperative period rather
than the preoperative period.

Methods of perioperative administration of stress doses
in adults were compared in a recent study (7). In first
part of the study, postoperative serum cortisol levels were
monitored in 22 patients (without Al) undergoing elective
surgery (mostly moderately invasive). In the second part,
ten patients with primary Al received 200 mg/day of HC by
four different routes (oral, IM, IV or continuous 1V infusion
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of equal doses at 6-hour intervals) at 1-week intervals and
serum cortisol levels were monitored 24 hours after the
initiation of administration. Then data from these two
part of studies were compared. The authors found that
the mean cortisol concentrations observed in healthy
volunteers during surgical stress could only be achieved by
continuous infusion in patients with Al, and in the other
application routes cortisol levels fell below these levels
before the next dose. When pharmacokinetic modelling
was performed, it was found that administration of 200
mg of HC via continuous 1V infusion after a 50-100 mg HC
bolus was the best way to achieve cortisol levels within the
desired range. The authors recommended that continuous
infusion of HC should be preferred for the prevention or
treatment of adrenal crisis in high-stress situations (7). As
most of the surgeries in the study were moderately invasive,
it was noted that higher serum cortisol levels may be found
in more invasive and longer surgeries. Chee et al. (64)
criticised this study and suggested that adding information
on blood pressure and intraoperative hemodynamic status
to such a study could provide further physiological evidence
when comparing treatment regimens.

In a systematic review of the need for perioperative
glucocorticoids in adult patients on pharmacological doses
of steroids for reasons other than Al, it was found that
the use of steroids at the patients’ daily dose did not lead
to adrenal crisis in this patient group, without increasing
the perioperative loading dose. In cases of postoperative
hypotension, it was reported that there was often an
explanation for this and that it resolved with volume
repletion. The results of the preoperative ACTH stimulation
test did not correlate with the postoperative clinical status
of the patients. It has been suggested that perioperative
glucocorticoid doses can be kept lower in this group of
patients than in patients on glucocorticoids for PAI. However,
further studies are needed in this area, as the sample size
was small and the statistical power of the study was low
(65).

Preferred Steroid Type

As HC also has a mineralocorticoid effect, the use of HC
is preferred in situations of stress, especially in patients
with mineralocorticoid deficiency. As 40-50 mg of HC can
have a mineralocorticoid effect equivalent to 100 pg of
fludrocortisone, the use of HC above this dose also meets
the need for mineralocorticoid replacement. Prednisolone
and methylprednisolone also have partial mineralocorticoid
activity (66). As dexamethasone has no mineralocorticoid
activity, it is not appropriate to use it alone in patients with
mineralocorticoid deficiency (66). If necessary, it can be

used in patients with secondary Al or isolated glucocorticoid
deficiency. Otherwise, maintenance fludrocortisone should
be given separately (3).

Good practice points:

1.Additional doses of steroids are not required for
routine physical exercises (LIAs) (ungraded good
practice statement).

2.Additional doses of steroids are not required for
short-term (<20 minutes) moderate and high-intensity
exercises (ungraded good practice statement).

3.1t would be appropriate to use additional doses of
steroids during high-intensity excercise lasting longer
than 30-60 minutes like marathon running, cycling race
or etc 2H0O0O).

4.1t may be necessary to increase the HC replacement
dose if a drug that increases cortisol metabolism or
clearance is started (2000).

5.Additional doses of steroids for mild, non-febrile
illnesses are not required (2€00O0).

6.In febrile illnesses, the dose of oral HC used should
be increased 2-3 times until the fever returns to normal.
Infants and young children in particular should not
be allowed to go hungry, and their fluid intake should
be increased. For more serious infections, such as
pneumonia or meningitis, the dose should be increased
further (5 times) (1GO0O).

7. If there is diarrhea and/or vomiting, it is appropriate
to give 3 times the current dose of oral HC (3-4 doses per
day) until the condition improves (a few days). If diarrhea-
vomiting persists, oral intake cannot be tolerated, there
is severe weakness/impaired consciousness, and/or
suspicion of adrenal crisis, 25, 50 and 100 mg HC or
equivalent methylprednisolone should be administered
IM to the patients <3 years, 3-12 years and > 12 years,
respectively (or 50-100 mg/m? for all ages) (or 2 mg/kg
at all ages). Afterwards a healthcare provider should be
consulted for 1V fluid support (2€6O0O0).

8.In severe trauma or illnesses requiring intensive care,
parenteral HC administration at adrenal crisis doses is
appropriate until stability is achieved (1©@00).

9.For minor dental procedures carried out under local
anaesthetic, double the daily dose and return to the
normal dose the following day (2@®0O0).

10. Forimaging procedures under general anesthesia,
the HC dose should be increased (3-4 times), especially
during waking and recovery from anesthesia. The
normal dose should be resumed the following day
(10SD0).
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11.  Prior to colonoscopy under general anesthesia
HC 50 mg/m?/day IV/IM is used on the day of bowel
evacuation. HC 50 mg/m?/dose IV/IM is given before the
procedure (200O0).

12.  For invasive procedures performed under general
anesthesia, increase the dose of HC (parenteral) for an
appropriate period of time according to the degree of
invasiveness of the surgery to be performed (1@@0O0)
(Table 3). Perioperative follow-up of these patients
should preferably be carried out in a centre with a
paediatric endocrinologist (200O0).

13. Stress doses should be given as HC, especially
in patients with mineralocorticoid deficiency, and if
HC cannot be given, equivalent doses of prednisolone
(1/4 dose) or methylprednisolone (1/5 dose) is preferred
(1600).

Family Education

Several studies have shown that a significant proportion of
patients with Al do not have sufficient information about
personal management of the disease, do not carry a disease
identification card or similar, or perform incorrect practices
in stressful situations (3,18,45). So it has been suggested that
continuous and effective education is needed. A Canadian
study (1998-2007) found that only 47 % of children with Al
received a glucocorticoid dose increase prior to emergency
admission (67). In a study analysing emergency admissions
of children diagnosed with congenital adrenal hyperplasia
(CAH) to three endocrine centres in Australia (2000-2015),
it was found that 64% of patients received stress doses
(22.1% IM), and this rate was lowest in the age group below
12 months (51.9%) (68).

The most important way to protect patients from life-
threatening adrenal crisis is to constitute patient/family
awareness through appropriate education (2,17). Informing
patients and their families about the diagnosis and treatment
of the child, stress states, symptoms of Al and increasing
the dose of steroids in stress situations may improve
management of the disease and reduce the frequency of
adrenal crisis (45). They should also be trained in the use
of IM HC in case of situations of severe stress, continuous
vomiting or recognising symptoms of adrenal crisis, like
an altered state of conscious. In a study conducted in the
Netherlands, 246 patients receiving glucocorticoids for Al
were trained in glucocorticoid treatment, dose increase in
stress situations, and IM HC injection, and a questionnaire
was administered before and six months after training. After
the training, it was found that patients’ correct answers
to questions about managing stress situations increased
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significantly, and more patients started to carry informative
materials about Al (18).

It is appropriate for patients to have a written document
or identification bracelet/necklace to be shown to the first
consulted healthcare professional regarding what should
be done in emergency situations. IM or subcutaneous (SC)
administration of HC in home settings may be life-saving
when symptoms of adrenal crisis are felt or when oral HC
cannot be taken due to vomiting. It may prevent the patient
from deteriorating until he/she goes to a health institution.
In a prospective study conducted in adults, Hahner et al.
(69) showed that almost every patient carried an emergency
card, but only 30% of the patients had a HC administration
kit. In this study, it was highlighted that the rate of having
an emergency injection kit was higher in people who had
experienced adrenal crisis.

Many international and national guidelines recommend
that all patients with Al (and/or their families) should
be informed about the following topics: 1) diagnosis and
routine medication doses; 2) stressful situations, symptoms
of adrenal crisis and strategies to prevent adrenal crisis; and
3) to have an emergency glucocorticoid injection kit (HC
hemisuccinate IM/IV ampoules, injector) and know how
to use it (IM or SC injection) (3,13,20). Besides the IV/IM
preparations containing HC, which are available in Turkey,
auto-injectors containing ready-to-use HC are also available,
in order to shorten the preparations for injection and prevent
errors in application and are more widely used globally. The
use of rectal HC suppositories is not recommended in cases
of stress in patients with Al (70).

In order to provide a standardised approach in the
prevention and treatment of adrenal crisis in children with
Al in Turkey, the ‘Emergency Treatment Plan for Patients
Using HC Due to Al' (71) and the ‘Perioperative Approach
in Adrenal Diseases’ protocol (72) were published by the
Pediatric Endocrinology and Diabetes Association (CEDD).
‘Patient identification cards’” have been printed to be carried
by patients diagnosed with CAH. The QR code on the card
can be scanned to access the adrenal crisis management
protocol available on the association’s website. The cards
also contain the patient’s name and surname, the patient’s
family, the hospital where the patient is normally being
treated and the doctor’s contact details. In the guidelines
of the French Society of Endocrinology, the framework of
the educational programme that can be applied to patients
diagnosed with Al has been presented (45).

In clinical practice, it is often observed that, even when
patients receive education by written materials, some of the
information is forgotten during follow-up. Therefore, it is
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Table 3. Recommendations for the perioperative stress dose of glucocorticoids in children with adrenal insufficiency (3,20,72)

Surgical stress

Recommended HC dosage

Minor surgery (minimally invasive)
- Examinations under anesthesia
- Excision of skin lesions

- Ear tube insertion

- Cystoscopy

- Circumcision

- Bronchoscopy

- Endoscopy, colonoscopy

- Diagnostic laparoscopy

- Inguinal hernia repair

- Tonsillectomy

Moderate surgery (moderately-significantly invasive)
- Thyroidectomy

- Ovarian cystectomy

- Cholecystectomy

- Hysterectomy

- Nephrectomy

- Major laparoscopic procedures

- Gastrointestinal resections (segmental)

Major surgery (severe invasive)

- Cardiothoracic surgery

- Intracranial surgery

- Major oropharyngeal surgery

- Major vascular, skeletal or neurological repairs

- Major orthopedic spinal reconstruction

- Major gastrointestinal reconstruction

- Liver resection

- Major genitourinary surgery

- Multiple dental procedures under general anesthesia

- HC 25 mg/m?®/dose is given intravenously before the procedure. When oral feeding is
initiated after the procedure, HC is given at twice the normal dose, and the normal dose
is continued the next day.

OR

- 50 mg/m?/day or 2-3 times the HC replacement dose (first day) IM/IV.

- 25-50 mg/m?/dose of HC is given intravenously as a bolus before surgery.

- Subsequently, 50-75 mg/m?/day HC is administered as a continuous intravenous infusion
or IV injection every 6 hours (the first one during surgery).

- In uncomplicated cases, once the patient is stable, the dose is tapered by 25% per day
within a few days to the previous maintenance dose.

OR

- HC 2 mg/kg is given as an [V infusion over 6 hours (or IM/SC every 6-8 hours) and
the same dose is repeated until oral feeding is initiated. When oral feeding is initiated,
HC is given orally at twice the daily dose and the dose is tapered back to the previous
maintenance dose in 1-2 days.

- 50-100 mg/m?/dose of HC is given intravenously as a bolus before surgery.

- Subsequently, 100 mg/m?/day of HC is given as a continuous intravenous infusion or
intravenous injection every 6 hours (the first during surgery).

- In uncomplicated cases, once the patient is stable, the dose is tapered by 25% per day
and the previous maintenance dose is restored within a few days.

OR

- HC 2 mg/kg is given as an IV infusion over 6 hours (or IM/SC every 6-8 hours) and the
same dose is repeated until oral feeding is initiated. When oral feedig is initiated, HC is
given orally 3 times daily, and the dose is tapered back to the previous maintenance dose
in 3-4 days.

*In patients with mineralocorticoid deficiency, fludrocortisone should be given preoperatively with a little amount of water if the calculated daily total HC is <40 mg.
HC: hydrocortisone, IV: intravenous, IM: intramuscular, SC: subcutaneous

important to repeat training periodically (69,73,74,75). The
precautions and rules to be taken during periods of illness
should be repeated at each outpatient clinic follow-up and

IM injections should be demonstrated.

Methods are described at Part 1 (Clinical, Biochemical and
Molecular Characteristics of Congenital Adrenal Hyperplasia
Due to 21-hydroxylase Deficiency) of this supplement (76).

2.All patients should be encouraged to carry a card/
information sheet/medical alert bracelet or necklace
indicating the diagnosis of Al and need for HC
administration (ungraded good practice statement).

3.All patients should have a glucocorticoid injection
kit (100 mg HC hemisuccinate ampoule, syringe with
needle) and be trained for self injection (SC or IM
injection) in emergency situations (ungraded good
practice statement).

Good practice points:

good practice statement).

1.In order to prevent adrenal crisis, all patients and/or
their families should be educated about the conditions
that trigger adrenal crisis, how to increase HC doses
during illness, fever and other stressors. This education
should also include, how to recognise signs of impending
adrenal crisis, and what to do in this situation (ungraded
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