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What is the rationale for hydrocortisone treatment in children
with infection-related adrenal insufficiency and septic shock?
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Recent studies show that children who die from fulminant
meningococcaemia have very low cortisol:adrenocorticotrophic
hormone (ACTH) ratios within the first 8 h of presentation to
emergency facilities compared with survivors. This observation
supports the possibility that adrenal insufficiency may contribute
to rapid cardiovascular collapse in these children. In recent
years, the use of hydrocortisone treatment has become
increasingly popular in the care of adult and paediatric patients
with septic shock. In this review, the classical adrenal
insufficiency literature is presented and the existing rationale for
using titrated hydrocortisone treatment (2-50 mg/kg/day) to
reverse catecholamine-resistant shock in children who have
absolute adrenal insufficiency (defined by peak cortisol level
<18 pg/dl after ACTH challenge) or pituitary, hypothalamic or
adrenal axis insufficiency is provided. In addition, the concept
of relative adrenal insufficiency (basal cortisol >18 ug/dl but a
peak response to ACTH <9 nug/dl) is reviewed. Although there
is a good rationale supporting the use of 7 days of low-dose
hydrocortisone treatment (about 5 mg/kg/day) in adults with
this condition and catecholamine resistant septic shock, the
paediatric literature suggests that it is prudent to conduct more
studies before recommending this approach in children.

When the lesion is acute and rapid, | believe
the anaemia, prostration, and peculiar condi-
tion of the skin will present a corresponding
character and that whether acute or chronic,
provided the lesion involve the entire structure
of both organs (suprarenal glands), death will
inevitably be the consequence. (Thomas
Addison, MD 1855)

n 1855, Dr T Addison reported 12 adult patients
who died with rather curious findings.' These
patients had hyperpigmentation and diseased
suprarenal glands. All the deceased patients had
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similar clinical history of progressive malaise,
fatigue and prostration before death. The diseases
afflicting the suprarenal gland included tubercu-
losis, cancer and haemorrhage. As medical knowl-
edge at the time was not aware of the role of
cortisol, aldosterone or adrenocorticotrophic hor-
mone (ACTH), and the term adrenal gland was not
born, this syndrome was known as Addison’s
disease.” Similar reports over the next decade
documented the prevalence of Addison’s disease
outside Dr Addison’s hospital.”> Dr Addison and

others soon reported partial improvement in
patients who were given suprarenal gland
extracts.” In 1894, Voelcker reported three patients
who died with acute bacterial infection and
suprarenal disease who did not have hyperpig-
mentation.” He described this syndrome as “adre-
nal insufficiency related to acute infection” and
hypothesised that hyperpigmentation was related
to chronic adrenal insufficiency. Soon afterwards,
Waterhouse and Friderischsen reported patients
who died of bilateral adrenal haemorrhage, sys-
temic fibrin thrombosis and acute bacterial infec-
tion.®’

Insight into the mechanism by which suprarenal
extract gave partial improvement in Addison’s
disease accelerated with the advent of analytical
and synthetic organic chemistry.*"°
Administration of adrenaline caused short-lived
improvement; however, it was not until the late
1920s, 30s and 40s, and the discovery of steroid
chemistry that therapeutic advances were made.
Great excitement abounded as a multitude of case
reports documented miraculous recovery in
patients with Addison’s disease who were treated
with hydrocortisone." "> Animal and human inves-
tigations soon determined that the adrenal hor-
mone cortisol is necessary to maintain glucose and
cardiovascular function, and aldosterone to main-
tain cardiovascular and salt metabolism. The role
of the hypothalamic and pituitary hormones—
corticotrophin-releasing hormone and ACTH—in
stimulating the release of cortisol and aldosterone
from the adrenal gland was also delineated.” In
paediatric medicine, this period also ushered the
discovery of congenital adrenal hyperplasia and
adrenal insufficiency as a reversible cause of death
in newborns.” Chronic administration of hydro-
cortisone to these infants reversed hypotension,
hypoglycaemia and salt wasting in the same
dramatic manner as it did in Addison’s disease.

In the 1940s and 50s, Lillehei and others began
evaluation of the role of hydrocortisone treatment
in experimental models of endotoxic and septic
shock.”™ These investigators showed survival
benefit with a dosage of 20-50 mg/kg/day. A
multitude of case reports and series followed,
showing miraculous reversal of previously fatal
septic shock in children and young adults in the
1950s. So impressive and desired were these
results that subsequent textbooks recommended
the administration of 20-50 mg/kg of hydrocorti-
sone followed by the same dose as a 24-h

Abbreviations: ACTH, adrenocorticotrophic hormone
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Figure 1 Comparison of peak and median cortisol levels reported in
aediatric illness, septic shock survivors and non-survivors.”' * >* ** Solid
ﬁne represent median cartisol values for the study and are reported if data

are available.

continuous infusion for children with meningococcaemia and
purpura.® * With the immediate need of saving the lives of
patients with Addison’s disease, congenital adrenal hyperplasia
or acute infection-related adrenal insufficiency accomplished,
clinical investigations turned to better understanding of clinical
diagnosis and dosing using information obtained by measuring
cortisol levels in patients under conditions of stress, infection
and shock.

In healthy volunteers, basal levels of cortisol were found to be
15 pg/dl in the morning. Under conditions of stress, including
fever or seizures, these levels rose to >18 pg/dl. Similar to these
times of stress, administration of 1 U ACTH increased cortisol
levels above 18 pg/dl. Hence, adrenal insufficiency could be
diagnosed by basal cortisol levels <4 pg/dl or ACTH stimulated
levels <18 ug/dl. Indeed, patients with the clinical diagnosis of
Addison’s disease or congenital hyperplasia were found to meet
these criteria with basal cortisol levels <4 ug/dl and ACTH
stimulated levels <18 ug/dl. The dose of hydrocortisone
treatment required has been based in part on these findings.
Humans produce and excrete 0.5 mg/kg/day of cortisol; hence
the physiological hydrocortisone replacement dose is 12.5 mg/
m?/day or 0.5 mg/kg/day. The corroboration of this physiologi-
cal replacement dose is found in its ability to adequately
suppress increased ACTH levels and hyperpigmentation in
patients with Addison’s disease. Stress dose has been con-
sidered as four times this dose (50 mg/m?/day or 2 mg/kg/day).
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Figure 2 Serum cortisol levels observed after administration of various
doses of hydrocortisone in children with septic shock.
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The adequacy of this dose has been shown by the clinical
experience that patients with Addison’s disease given this dose
tolerate dental procedures and surgical stress. In general,
physiological dosing maintains cortisol levels at 7-8 ug/dl,
whereas stress doses maintain levels at 18-30 pg/dl. One
important caveat exists when using ACTH stimulated cortisol
levels to diagnose adrenal insufficiency. If the patient has a
hypothalamic or pituitary-based inability to stimulate adrenal
cortical steroid production and excretion, then the ACTH test
can be normal but the basal levels should be low. These patients
can be diagnosed using the metapyrone test, which is described
later.

Basal cortisol levels were found to be higher in patients with
fever, infection, severe infection and septic shock than in
healthy volunteers. Children with fever have threefold higher
cortisol levels (18-30 pg/dl),** those with pneumonia have
fivefold higher levels (30-50 pg/dl),”” and survivors of septic
shock or meningitis have cortisol levels 3-90-fold higher than
basal levels (14-417 pg/dl; fig 1).** *° Interestingly, the dosage
recommended by Lillehei and others for use in patients with
purpura-related adrenal insufficiency, 25-50 mg/kg/day,
attains cortisol levels between 150 and 300 pg/dl (fig 2).
Administration of ACTH stimulation to these patients also
showed differences in cortisol response compared with normal
volunteers. Some patients with low basal levels did not reach a
peak of 18 ug/dl, showing adrenal insufficiency similar to that
found in patients with Addison’s disease (absolute adrenal
insufficiency). These patients would be expected to benefit
from hydrocortisone treatment as they have both cortisol and
aldosterone deficiency. However, among patients with basal
cortisol levels >18 pg/dl, those with more severe disease had a
blunted cortisol response with an incremental increase <9 pg/
dl. This introduced the concept that patients with infection
could have a diminished adrenal reserve even when they did
not have Addisonian adrenal insufficiency (relative adrenal
insufficiency). The conventional wisdom of the time from these
observations was that patients with infection related adrenal
insufficiency and septic shock should be treated with 25—
50 mg/kg of hydrocortisone. A randomised controlled trial
evaluated this approach in children with dengue shock and
reported that randomisation to 35 mg/kg/day of hydrocortisone
reduced mortality from 25% to 7%.*

The late 1970s and 1980s saw the widespread implementa-
tion of intensive care medicine and a remarkable twist in the
steroid story. In 1974, Weitzman and Berger systematically
reviewed 32 original clinical investigations, published from
1950 to 1971, that dealt with the use of corticosteroids in
bacterial infections.”” The authors concluded that properly
designed studies must be carried out before the controversy
can be resolved. Investigators showed that baboons pretreated
with supra-pharmacological doses of methylprednisolone or
dexamethasone, a synthetic steroid without any mineralocorti-
coid (aldosterone) effect but with a pronounced glucocorticoid
effect, prevented mortality. The proposed mechanism of this
pharmacology was not reversal of adrenal insufficiency, but
rather the inhibition of tumour necrosis factor (TNF) gene
expression through pharmacological stimulation of the gluco-
corticoid hormone responsive element. The glucocorticoid dose
given (30 mg/kg Solu-Medrol q 8 h x 3) is equivalent to
450 mg/kg/day of hydrocortisone, or >9 times the recom-
mended dose in the paediatric literature of the time (table 1).

Three randomised controlled trials were carried out in adults
with septic shock. The first study randomly assigned 59 patients
with septic shock to receive either methylprednisolone or
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Table 1
asthma, croup and spinal cord injury

Comparison of hydrocortisone dosages recommended for stress and shock with synthetic steroid dosages used to treat

Shock dose steroids Hydrocortisone

Disease Steroid used Dose used Equivalent dose of hydrocortisone
Asthma Methylprednisobne 4 mg/kg/duy 20 mg/kg/day

Airway oedema Dexamethasone 2 mg/kg/day 53 mg/kg/day

Spinal cord injury Methylprednisolone 154 mg/kg (24 h) 770 mg/kg (24 h)

Stress dose steroids Hydrocortisone 2 mg/kg/day 2 mg/kg/day

50 mg/kg/day

50 mg/kg/day

dexamethasone as compared with a control group. Although
the mortality was comparable in all groups, patients who
received steroids showed early reversal of shock. Two other
large prospective, randomised, double-blind, placebo-controlled
studies failed to show mortality benefit in patients with septic
shock treated with methylprednisolone sodium succinate. One
study showed higher mortality at 14 days in a subgroup of
patients with raised serum creatinine.”*”° In response to these
three studies, synthetic glucocorticoid use was stopped for the
purpose of reducing inflammation. Unfortunately, these studies
also seem to have extinguished memory of the previous
Addisonian literature, and clinicians stopped using the natural
steroid hydrocortisone for infection-related adrenal insuffi-
ciency.

The late 1990s and 2000s produced a plethora of renewed
investigation, which recalled, rediscovered and refined this
memory.*'*" Investigators have shown that the modern child
with infection, sepsis and septic shock similar to the child of the
past can have one of three adrenal function states: (1) adrenal
insufficiency similar to that observed in Addison’s disease
(about 20%); (2) a high cortisol level, but blunted adrenal
response to ACTH stimulation, now called relative adrenal
insufficiency (about 25%); or (3) a normal adrenal response to
ACTH stimulation (cortisol increases by >9 pg/dl).* * In the
remainder of this discussion, we will update the reader on what
is known about children in each of these categories of adrenal
function and provide our recommendations on hydrocortisone
treatment for each (table 2).

RECOMMENDATIONS

Children with septic shock and Addison’s disease, with or
without hyperpigmentation (peak cortisol after ACTH response
<18 pg/dl) should be treated, according to tradition, with
hydrocortisone directed to pharmacodynamic response and the
goal of reversal of shock. Hydrocortisone will reverse warm
shock and cold shock equally in these children. De Kleijn ef al
recently showed that non-survivors of meningococcal septic
shock have very low cortisol:ACTH ratios during the first 8 h of
admission before their death (fig 3).** Similarly, two other

studies also showed considerably higher cortisol levels in
meningococcal sepsis survivors as compared with non-survi-

vors.”

The haemodynamic response to hydrocortisone in patients
with septic shock is neither subtle nor delayed. We can see the
desired haemodynamic response for a given level of hydro-
cortisone infusion as early as 15 min after initiation. Depending
on the degree of extremis, the dose of hydrocortisone should be
titrated to effect. The initial bolus of hydrocortisone can be
between 2 and 50 mg/kg, followed by an infusion of 2-50 mg/
kg/24 h. As hydrocortisone has a biological half-life of 8-12 h,
it can also be given intermittently. Although there are no
randomised trials supporting this recommendation, the logic of
the treatment appears compelling to us. If the adrenal gland is
non-functional and the child is dying from shock, then
hydrocortisone should be given at whatever dose is necessary
to restore cardiovascular homoeostasis (table 2).

For children with septic shock and high basal cortisol levels
with a blunted response to ACTH, there is a need to understand
whether long-term treatment with intermittent stress dose
hydrocortisone treatment improves outcome. Annane and
others noted that adults with poor outcome from septic shock
commonly had high cortisol levels with an ACTH stimulated
cortisol response <9 pg/dl.*® In a large randomised controlled
trial, adults with septic shock who required norepinephrine
were randomised to usual treatment or a 7-day course of
intermittent hydrocortisone (100 mg thrice daily) and fludro-
cortisone (0.1 mg/day).*”” These patients attained a cortisol level
of approximately 100 pg/dl with this treatment (D Annane,
personal communication). Overall, there was no difference in
outcome between treatment groups. However, in an a priori
planned retrospective analysis, patients with high basal cortisol
levels and treated with steroids had their mortality reduced
from 50% to 40%. The authors concluded that this regimen of
“stress plus” dose glucocorticoids or mineralocorticoids should
be given for 7 days to improve outcome in patients with relative
adrenal insufficiency.”” Interestingly, none of these adult
patients who had septic shock had Addison’s disease. All
reached peak cortisol levels well above 18 pg/dl with ACTH

Table 2 Recommendation summary

Cortisol levels

Recommendation

Peak cortisol level <18 pg/dl
after ACTH stimulation

Absolute adrenal
insufficiency

Relative adrenal
insufficiency
Pituitary failure

Basal cortisol level >18 pg/d|
and ACTH response <9 pg/dl
Basal cortisol level <5 ug/c"
and peak >18 pg/dl

Diagnosed with metapyrone test

Hydrocortisone 2-50 mg/kg as bolus, followed by
infusion or intermittent doses (2-50 mg/kg/24 h
titrated to haemodynamic homoeostasis)

Needs to be studied further

Hydrocortisone 2-50 mg/kg as bolus, followed by
infusion of 2-50 mg/kg/24 h titrated to
haemodynamic homoeostasis

ACTH, adrenocorticotrophic hormone.
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Figure 3 Reduced first 8-hour
cortisol:ACTH ratio in shock non-
survivors compared with shock
survivors in meningococcal sepsis.*

Cortisol: ACTH ratio
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Shock Shock
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stimulation. Subsequent investigations have now shown that
the leading risk factor for relative adrenal insufficiency in adult
patients with septic shock is the use of etomidate for
intubation.* This hypnotic is a CYP450 and esterase inhibitor
which reduces cortisol synthesis.”” ** Studies have shown that
even one dose of etomidate in the emergency room reduces the
cortisol increment response to ACTH and increases the
incidence of relative adrenal insufficiency 12-fold among
patients in the intensive care unit.”’ With this new information,
Dr Annane reviewed the hydrocortisone and fludrocortisone
trial” and found that most of the patients in his trial who had
relative adrenal insufficiency had received etomidate.** Dr
Annane’s assessment of these observations is clear from the
title of his editorial “ICU physicians should abandon the use of
etomidate”.>” This call has been reinforced by an editorial on
anaesthesia in which the authors recommend the use of
ketamine rather than etomidate for emergent induction.”
Ketamine reduces systemic inflammation while maintaining
cortisol production. We agree with the above editorial and
recommend that ketamine and not etomidate should be used as
the induction agent for intubation in children with septic
shock.

Hatherill ef al** evaluated adrenal function in children and
found a high degree of relative adrenal insufficiency. Steroid
use was associated with weaning from catecholamine support,
but no improvement in survival. In a larger survey, the PHIS
database was analysed and use of steroids was associated with
increased mortality.” Adrenal function was not assessed in this
study. On the basis of these findings of lack of benefit, we
suggest that it is both ethical and prudent to further study the
role of hydrocortisone treatment in paediatric patients with
relative adrenal insufficiency.

Children with normal adrenal function are defined by an
incremental increase in cortisol level >9 pg/dl. They may
benefit from hydrocortisone treatment if they do not have a
functioning pituitary axis. Lack of endogenous production of
ACTH will prevent production of cortisol and aldosterone, but
not a normal incremental cortisol response to exogenously
administered ACTH. This population of children is growing as
the use of acute and chronic steroid treatment is becoming
common practice for patients with cancer, transplantation,
asthma, croup, allergies and autoimmune disease. There is
probably no busy paediatric primary care or emergency
department physician who has a week go by without
prescribing a steroid. In our own practice, 50% of children
who present with shock have had prior steroid exposure
(unpublished data). Studies now show that pituitary—adrenal
axis suppression can remain for up to 6 weeks to 6 months
after short-term steroid use.” Central nervous system disease
can also provide a primary cause of ACTH failure. The
metapyrone test can be used to assess the pituitary ACTH
reserve.”’ In the final step of adrenal steroidogenesis, the
adrenocortical enzyme 11f hydroxylase converts 11-deoxycor-
tisol to cortisol. Inhibition of 11 hydroxylase by metapyrone
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leads to a decrease of circulating cortisol and accumulation of
11-deoxycortisol. The decline in plasma cortisol stimulates
ACTH production, thereby increasing adrenal steroidogenesis
proximal to the enzyme blockade and causing 11-deoxycortisol
to accumulate further.”®

We recommend hydrocortisone treatment in patients with
pituitary or adrenal axis failure in the same manner as we do
for patients with Addison’s disease. Depending on the degree of
extremis, pharmacological doses of hydrocortisone should be
given as a bolus and then continuous infusion at a dosage of 2—
50 mg/kg/day. Although there are no randomised controlled
trials supporting this recommendation, the logic appears
compelling to us. If the pituitary axis is unable to induce the
adrenal gland to produce cortisol and aldosterone, and the
patient is dying from shock, then hydrocortisone treatment
should be given at whatever dose is necessary to reverse shock.

There are little data on the use of steroids for neonatal
adrenal insufficiency. In a recent double-blind, randomised
controlled study, stress dose hydrocortisone (3 mg/kg/day)
reduced the cumulative dose of dopamine and dobutamine,
but did not improve survival in infants of very low birth
weight.”” Dexamethasone use in neonates was associated with
an increased incidence of neurodevelopmental delay and
cerebral palsy, and led to the American Academy of Pediatrics
recommending against its routine use to prevent or treat
chronic lung disease.” However, a single study that followed
preterms treated with hydrocortisone did not show similar
adverse effects. This study evaluated 25 preterm infants who
received hydrocortisone 5 mg/kg/day for 7 days followed by a
tapering course with a median duration of treatment of
26 days. A follow-up of these children at 8 years of age with
magnetic resonance imaging and standardised neurocognitive
assessment showed no long-term effects on either neurostruc-
tural brain development or neurocognitive outcomes.*'
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