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Adrenal function in sepsis and septic shock

Cristiane Freitas Pizarro,* Eduardo Juan Troster?

Abstract

Objective: To review diagnostic criteria and treatment of adrenal insufficiency in pediatric patients with severe
sepsis and septic shock.

Sources: Articles were selected using MEDLINE (1966-June 2007), Embase (1994-2007) and Cochrane Library
(2000-2007) databases. following key words were utilized: septic shock, sepsis, corticosteroids, adrenal insufficiency
and children.

Summary of the findings: There are no well established and accepted criteria to define adrenal insufficiency in
critically ill patients. Incidence of adrenal insufficiency varies according to different criteria, and it may range between
low values of 15% and high values of 61%. The rapid corticotropin stimulation test is widely used as a method to
identify adrenocortical hyporesponsiveness, but controversy exists as to the corticotropin dose to be used. The 250 pg
dose is the standard dose. Low doses of corticotropin (1 pg) have recently been proposed, suggesting that they may
have higher sensitivity. There are still doubts as to the efficacy of low doses of corticosteroids in children with
catecholamine-refractory shock. Further studies are needed to determine whether the treatment of these patients
would change morbidity and/or mortality.

Conclusion: Adrenal insufficiency is common in children with severe sepsis and septic shock and may contribute
to the development of catecholamine-refractory shock. However, doubts still persist regarding the efficacy of replace-
ment therapy with low-doses steroids.

J Pediatr (Rio J). 2007,;83(5 Suppl):S155-162: Septic shock, sepsis, corticosteroids, adrenal insufficiency and children.
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Introduction

Despite the advances in intensive care units (ICU), septic
shock and severe sepsis remain a major cause of morbidity
and mortality. In fact, incidence of septic shock and severe
sepsis has been increasing over the past 30-40 years. It is
estimated thatin the USA there are about 750,000 new cases
of severe sepsis every year.''2 Therefore, there is a clear grow-
ing concern about the development of therapeutic strategies
that contribute to reduction in morbidity and mortality rates;
among them, administration of corticosteroids has once again
come under discussion.

In the 1970's and 1980’s many studies were carried out
with the aim of showing the therapeutic effects of corticoster-
oids in patients with severe sepsis and septic shock. Most of
these studies used high doses of corticosteroids for a short
period of time. However, in 1995 two meta-analyses were

published and did not show satisfactory results concerning
survival.>* New studies have currently shown good results
as to survival by using low doses of hydrocortisone that are
offered for a longer period of time (at least 3 days), especially
in the group of patients with relative adrenal insufficiency and
catecholamine-refractory shock.>™”

Many studies have recently assessed the function of the
adrenal gland in patients with severe sepsis and septic shock,
as an attempt to establish the relationship of an adrenal
response that is considered inadequate for the stress situa-
tion with intensity of hemodynamic changes. Such studies
have found a high incidence of inadequate adrenal function
and a strong association with catecholamine refractory
shock.8-11

However, many questions still have to be explained
regarding presence of adrenal insufficiency in sepsis and sep-
tic shock.
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a) What is the incidence of adrenal insufficiency in patients
with severe sepsis and septic shock?

b) Whatis the appropriate level of baseline cortisol after the
rapid corticotropin (ACTH) stimulation test in patients with
severe sepsis and septic shock?

c) What is the ideal treatment for patients with septic shock
and adrenal insufficiency?

Based on those questions, we felt encouraged to perform
this study to review diagnostic criteria and treatment of adre-
nal insufficiency in pediatric patients with severe sepsis and
septic shock.

Regulation of glucocorticoid secretion

Glucocorticoids are 12-carbon molecules derived from
cholesterol and are produced by the adrenals in response to
ACTH. They are produced continuously and are influenced by
circadian rhythm - have higherlevels in the morning and lower
levels at night. However, in a stress situation, such rhythm is
lost.

During inflammatory processes, inflammatory cytokines,
such as interleukin-1 (IL-1), tumor necrosis factor oo (TNFo)
and interleukin-6 (IL-6), favor release of corticotrophin-
releasing factor (CRF) and arginine vasopressin (AVP)by the
hypothalamus. Then, CRF enhances the production of ACTH
by the anterior pituitary gland. When ACTH enters the sys-
temic circulation, it activates the adrenal cortex, activating
production of glucocorticoids and other steroids. Glucocorti-
coids, through a feedback mechanism, inhibit the
hypothalamic-pituitary-adrenal axis.*?:*3

Hypothalamic-pituitary-adrenal axis in septic
shock

It has been well described in the literature that, under
stress situations, such as severe sepsis and septic shock, there
is a stimulation of the hypothalamic-pituitary-adrenal axis
and, therefore, an increase in cortisol secretion and loss of
circadian rhythm. Activation of the hypothalamic-pituitary-
adrenal axis is a crucial component of the patient’s adapta-
tion to a stress situation and contributes to maintenance of
homeostasis. In ICU the higher the scores of disease sever-
ity, the higher the expected cortisol levels and mortality
rates.!3

Relative adrenal insufficiency is present when adrenal
response is inadequate for the stress situation. These patients
usually have the highest levels of baseline cortisol, but do not
respond to the ACTH stimulation test, i.e., do not have adre-
nal reserve. 814

On the other hand, absolute adrenal insufficiency is char-
acterized by low levels of baseline cortisol and by non-
response to the ACTH stimulation test. Such response pattern
in patients with septic shock is not what we often observe,
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since in that situation activation of the hypothalamic-pituitary-
adrenal axis is expected.® %

Causes of adrenal insufficiency

The cause of adrenal insufficiency in patients with severe
sepsis and septic shock is multifactorial. Therefore, a primary
adrenal insufficiency can be a result of destruction of the adre-
nal gland: by either direct or indirect action of infectious
agents, due to hemorrhage - coagulation disorder (for
example: Waterhouse-Friderichsen syndrome); orinduced by
drugs, such as etomidate and ketoconazole. However, it usu-
ally occurs as secondary adrenal insufficiency (disorder at a
hypothalamic-pituitary integrity) as a consequence of reduc-
tion in CRF release, inhibited by cytokines and other media-
tors of inflammatory response released during sepsis. Chronic
use of glucocorticoids can also be associated with suppres-
sion of the hypothalamic-pituitary-adrenal axis, as well as
presence of a preexisting disease at hypothalamus, pituitary
or adrenal level.13/15

Adrenal insufficiency can also be a result of reduction in
number of glucocorticoid receptors or reduction in its affinity
by the receptor, which leads to increased peripheral resis-
tance to glucocorticoids.*>

Clinical manifestations of adrenal insufficiency

Acute adrenal insufficiency can be clinically indistinguish-
able from septic and hypovolemic shock, being a differential
diagnosis.

There are many symptoms associated with adrenal insuf-
ficiency. Diagnosis is often suspected when these patients
have hypotension refractory to fluid therapy and to vasoac-
tive drugs. Other symptoms related to adrenal insufficiency
are abdominal pain, fever in the presence of negative cul-
tures and non-responsive to antibiotics, inexplicable changes
in consciousness level, electrolytic abnormalities (hypoglyce-
mia, hyponatremia, hyperkalemia), neutropenia and
eosinophilia.*>t”

Incidence of adrenal insufficiency

Incidence of adrenal insufficiency ranges according to
population and criteria used to define this
condition,>-8:9,13,17-26

Adequate level of cortisol after the ACTH stimulation test
for critically ill patients is still a controversial issue in the
literature.>13:17:21,27-31 1t js known that under stress situa-
tions, such as infection, trauma, burn, pain, hypotension,
hemorrhage, hypovolemia, tissue lesion, among many oth-
ers, there is a stimulation of the hypothalamic-pituitary-
adrenal axis and, thus, an increase in cortisol secretion and
loss of circadian rhythm.1%13 For example, during a surgical
procedure, cortisol increases in the immediate post-operative
period, reaching levels between 30-45 pg/dL, and returns to
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basal levelsin approximately 72 hours. In critically ill patients,
the tendency is for cortisol to increase even more.*3

In ICU the higher the scores of disease severity, the higher
the cortisol levels and mortality rates. Schein et al. studied
the concentration of plasma cortisol in 37 patients with septic
shock and observed that it was increased (mean 50.7 pg/dL)
when compared with normal patients (mean 10-20 pg/dL).2°
Bone et al. assessed 65 children with meningococcal disease
and found mean cortisol value of 41.5 pg/dL at admission.32
Rivers et al. assessed adrenal function in 104 patients sub-
mitted to surgery and who needed vasopressors, and found
mean baseline cortisol of 29.9 ug/dL.2? The main contro-
versy in the literature has been the definition of which cortisol
value represents an adequate adrenal response to stress and
below which value should be considered as adrenal insuffi-
ciency.

Classical studies consider levels between 18-20
pg/dLt®-33:3% as adequate for the stress situation. Marik &
Zaloga, in their studies, considered cortisol values higher than
25 ug/dL*3 as the most appropriate for the stress situation.
Annane et al., in their study, showed the importance of per-
forming the ACTH stimulation test to detect adrenal dysfunc-
tion and consider that not increment < 9 pug/dL would lead to
the diagnosis of relative adrenal insufficiency.® Cooper &
Stewart suggest the following values for diagnosing adrenal
insufficiency: baseline cortisol < 15 pg/dL or presence of basal
cortisol between 15-34 pg/dL, with an increment < 9 pg/dL
after the ACTH stimulation test.”

Forthe pediatricage group, there are few studies concern-
ing cortisol level in stress situations. In a study carried out by
Hatherill et al., a cortisol increment was used to diagnose adre-
nal insufficiency after the ACTH stimulation test < 7.5 pg/dL.2°
In a study performed by Menon & Clarson, baseline cortisol
level < 7 ug/dL was considered with peak < 18 pug/dL.?*In a
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study performed by our group, at Instituto da Crianga, pub-
lished in 2005, presence of a cortisol increment < 9 pg/dL after
the ACTH stimulation test was used as a criterion to define
inadequate adrenal response, with the aim of detecting not
only patients with absolute adrenal insufficiency, but espe-
cially those with relative adrenal insufficiency. In that study,
the patients with inadequate adrenal response were divided
into two groups: 1) absolute adrenal insufficiency — baseline
cortisol < 20 pg/dL and increment < 9 pg/dL after the ACTH
stimulation test; 2) relative adrenal insufficiency - patients
with baseline cortisol = 20 pg/dL and increment < 9 pug/dL.8- 4

Therefore, incidence of adrenal insufficiency may range
between 15-61%, according to the criteria are
used.8:9:18-22,24,25,35,36 Tap|e 1 shows the incidence of adre-
nal insufficiency in critically ill patients the according to vari-
ous published definitions.

Tests to evaluate adrenal function

The following methods can be used to evaluate the
hypothalamic-pituitary-adrenal axis wunder stress

situations:1>28

Dosage of basal cortisol (at random)

Cortisol dosage, without a defined schedule, is performed
in patients under stress situations, since the circadian cycle is
lost.

Insulin tolerance test (ITT)

It is considered gold standard to diagnose adrenal insuf-
ficiency when assessing axis integrity; however, it is not fea-
sible under stress situations due to risk of hypoglycemia.

Metyrapone test

The metyrapone test was developed by Liddle et al.2® to
evaluate pituitary reserve. Metyrapone inhibits enzyme P450

Table 1 - Incidence of adrenal insufficiency in critically ill patients according to various published definitions

Author (year) Population Cortisol level (ug/dL) Incidence

Rothwell et al.?* (1991) Adults Cortisol increment < 9 after ACTH stimulation test 40%

Soni et al.'® (1995) Adults Cortisol < 18 after ACTH stimulation test 24%

Hatherill et al.2° (1999) Pediatric Cortisol increment < 7.5 after ACTH stimulation test 52%

Loisa et al.?> (2002) Adults Baseline cortisol < 25 and increment < 9 after ACTH 15%
stimulation test

Bone et al.32 (2002) Pediatric Baseline cortisol < 5 or cortisol < 18 after ACTH 17%
stimulation test

Menon & Clarson# (2002) Pediatric Baseline cortisol < 7 or cortisol < 18 after ACTH 31%
stimulation test

Marik & Zaloga3® (2003) Adults Baseline cortisol < 25 61%

Pizarro et al.® (2005) Pediatric Cortisol increment < 9 after ACTH stimulation test 44°%

ACTH = adrenocorticotropic hormone.
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C11, which converts 11-deoxycortisol (compound S) into cor-
tisol, consequently reducing serum levels of cortisol and
increasing 11-deoxycortisol levels. Reduction in serum corti-
sol stimulates release of ACTH by feedback, acting at a
hypothalamic-pituitary level. Adequate adrenal production
occurs when compound S is higher than 7.0 pg/dL, indepen-
dent of cortisol value. Required waiting time for its execution
is at least 8 hours between administration of metyrapone and
serum dosages, and the possibility of this test being affected
by use of other drugs (glucocorticoids, phenytoin and phe-
nobarbital), as well as the very reduction of serum cortisol
determined by the test, determines its lack of usefulness in
severe patients.

ACTH stimulation test

It is performed to evaluate adrenal gland response and
reserve, i.e., it is important to detect relative adrenal insuffi-
ciency. The literature is controversial as to which corticotro-
pin dose should be used to perform the ACTH stimulation test.
Traditionally, a dose of 250 ug ACTH (supraphysiological dose)
is used. However, nowadays lower doses have been success-
fully used (0.5-2 pg ACTH), since they have better sensitivity
when compared with supraphysiological doses.810:14,37,38
Nevertheless, a recent meta-analysis performed in adults,
comparing tests using high doses (250 pg) and low doses (1
Hg) of corticotropin, failed to show a test superiority when low
doses were used.3° Therefore, this issue is still being dis-
cussed in the literature (Table 2).

The ACTH stimulation test was chosen to evaluate adre-
nal function because it is a simple and fast procedure. Other
tests, although having more reliable results, are more diffi-
cult to perform, and most of them are contraindicated in criti-
cally ill patients.

We must mention another issue concerning the identifica-
tion of adrenal insufficiency: free cortisol vs. baseline corti-
sol. Itis known that 90% of circulating cortisol in human serum
is bound to proteins - corticosteroid-binding-globulin and
albumin (CGB). Thus, it is expected that, in the presence of a

Adrenal function and septic shock - Pizarro CF & Troster EJ

reduction in levels of transport proteins (for example, albu-
min), concentration of total serum cortisol is altered, affect-
ing interpretation of tests used to evaluate adrenal function.
For example, a study carried out by Hamrahian et al. showed
that 40% of critically ill patients with hypoalbuminemia had a
reduction in total cortisol levels.*® Therefore, studies per-
formed in adult patients have suggested that, in the presence
of significant hypoproteinemia (albumin levels lower than 2.5
g/dL), free serum cortisol should be dosed before starting
supplementation with corticosteroids.37-4°

Clinical consequences of adrenal insufficiency

Studies have recently demonstrated an association
between adrenal insufficiency, catecholamine refractory shock
and mortality.8:11.37.41 A study conducted by our group
showed that patients with adrenal insufficiency (absolute and
relative) usually progress with catecholamine-refractory
shock (100 and 80%, respectively) and may be benefited from
corticosteroid therapy. In that study, increased mortality was
also seen in the group of patients with inadequate adrenal
response.814.37

Corticosteroid therapy in septic shock

Since their discovery, corticosteroids have received a wide
range of clinical indications, mainly because they are one of
the most powerful anti-inflammatory drugs known to date.
In 1940, Perla & Marmorston and, in 1951, Hahn et al. were
the first authors to publish studies suggesting corticosteroid
therapy for critically ill patients (pneumonia, bacteremia and
generalized infection).*'*? However, their use is still quite
controversial in the literature. 4346

In the 1970's and 1980’s many studies were carried out
with the aim of showing the therapeutic effects of corticoster-
oids in patients with severe sepsis and septic shock. Most of
these studies used high doses of corticosteroids (dexametha-
sone or methylprednisolone) for a short period of time.*7-56
Nevertheless, two meta-analyses published by Lefering et al.
and Cronin etal. in 1995 did not show satisfactory results con-
cerning survival®# (Table 3).

Table 2 - Synthetic ACTH dose used in different studies in the pediatric age group

Author (year)

ACTH dose used in the stimulation test  Definition of adrenal insufficiency

Hatherril et al.2° (1999)

Bone et al.3? (2002) 0.5 pg/m?
Menon & Clarson?# (2003)

Pizarro et al.® (2005) 250 ug

145 pg/m? (max. 250 pg)

< 10kg: 125 pg > 10 kg: 250 pg

Cortisol increment < 7.5ug/dL after ACTH stimulation test

Baseline cortisol < 5ug/dL or cortisol < 18ug/dL after
ACTH stimulation test

Baseline cortisol < 7pg/dL or cortisol < 18ug/dL after
ACTH stimulation test

Cortisol increment < 9ug/dL after ACTH stimulation test

ACTH = adrenocorticotropic hormone.
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Table 3 - Summary of publications included in two meta-analyses: Cronin et al. (1995) and Lefering et al. (1995), with regard to type of corti-
costeroid used, dose and duration of treatment for critically ill patients

Author (year) n Drug Dose (duration)

Luce et al.#” (1988) 75 30 mg/kg 4 times (24 h)

Veterans Administration*® (1987) 223 30 mg/kg bolus followed by 5 mg/kg/h (9 h)
Bone et al.*° (1987) 381 30 mg/kg (24 h)

Sprung et al.>° (1984) 59 M, D 30 mg/kg, 6 mg/kg (repeat after 4 h if necessary)
Thompson et al.>* (1976) 60 M 30 mg/kg one time

Lucas et al.>2 (1984) 48 2 mg/Kg, 6 mg/kg in continuous infusion (48 h)
Schumer et al.>3 (1976) 172 M, D 30 mg/kg, 3 mg/kg (repeat once after 4 h if necessary)
Klastersky et al.># (1971) 85 B 1 mg/kg/day (3 days)

Cooperative Study Group®® (1963) 194 H 300 mg followed by 50 mg/day (5 days)

Bennet et al.>” (1963) 194 H 300 mg followed by 50 mg/day (6 days)

B = betamethasone; D = dexamethasone; H = hydrocortisone; M = methylprednisolone.

In contrast, recent studies have demonstrated good out-
comes as to survival by using low hydrocortisone doses (200-
300 mg/day), offered by a longer period of time (at least 3
days)>>7-61 (Table 4).

Those studies also demonstrated better progress when
corticosteroid therapy was used in the group of patients who

had catecholamine-refractory shock.5:46:57:50.60.61 1n addi-
tion, they elected hydrocortisone as the choice corticoster-
oid, since it has a mineralocorticoid activity, whereas
methylprednisolone and dexametasone do not have such
activity. They also demonstrated that 20 mg of hydrocorti-
sone are equivalent to 0.05 mg of fludrocortisone, and 0,05-
2mg of fludrocortisone are recommended as mineralocorticoid

Table 4 - Recent studies on corticosteroid therapy: type of corticosteroid to be used, dose and duration of treatment

Author (year) Type of study n Drug Dose (duration)

Bollaert et al.>8 (1998) Randomized 41 H 100 mg EV for 5 days, then reduce the dose in half
Double-blind every 3 days.
Controlled
Multi-center

Briegel et al.>® (1999) Randomized 40 H 100 mg EV followed by 0.18 mg/kg/h until shock
Double-blind reversion, then reduce 0.08 mg/kg/h in 6 days until
Controlled dose of 24 mg/day.

Chawla et al.®* (1999) Randomized 44 H 100 mg EV 8/8 h for 3 days.
Double-blind
Controlled

Annane et al.® (2002) Randomized 299 H 50 mg EV every 6 h for 7 days associated with 9-o.-
Double-blind fludrocortisone 50 pg/day
Controlled
Multi-center

Keh et al.®° (2003) Randomized 40 H 100 mg EV in 30 min followed by 10 mg/h for 3 days
Double-blind
Controlled

Oppert et al.52 (2005) Randomized 41 H 50 mg EV followed by 0.18 mg/kg/h until shock
Double-blind reversion, 0.06 mg/kg/h for 24 h, then reduce 0.02
Controlled mg/kg/h every day

EV = endovenous; H = hydrocortisone.
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replacement in adrenal insufficiency.® Those data were con-
firmed in 2004 by a meta-analysis published by Annane et al.
and a review article published by Keh & Sprung.®”

With regard to the pediatricage group, there are few stud-
ies on corticosteroid therapy in patients with septic shock. So
far, there has been no consensus in the literature regarding
hydrocortisone dose to be used, form of administration (bolus
or continuous), duration of treatment, need of weaning and
at which shock stage it should be prescribed.

In 2002, the American College of Critical Care Medicine
(ACCM) developed new guidelines and parameters of clinical
practice for hemodynamic support in newborns and children
with septic shock, with the aim of improving evolution of these
patients. The members of that committee verified that adre-
nal insufficiency was more frequent than what had been
assumed and that hydrocortisone replacement could save the
life of these children. Based on that fact, they suggested
hydrocortisone therapy for all children who had any risk fac-
tor for adrenal insufficiency and for those who developed
catecholamine-refractory shock. Risk patients were
considered: children with purpura fulminans, children with
pituitary or adrenal abnormalities and children who have pre-
viously received steroid therapies for chronicillness. The dose
recommended by that committee ranged between 1-2 mg/Kg
(stress dose) and 50 mg/kg (shock dose) in bolus, followed
by a dose of 2 mg/kg/hour in continuous infusion for 24
hours.®2 Such doses were based on two studies performed in
children with shock secondary to dengue.®3:%% Such doses are
currently considered too high.

In 2005, Hildebrandt et al. conducted a literature review
with the aim of evaluating clinical practice as to use of corti-
costeroids in septic shock in 25 pediatric ICU in the UK. They
verified that routine corticosteroids were used in 76% of the
ICU, but only one ICU had a protocol. In 84% of them, corti-
costeroids were used in the presence of persistent hypoten-
sion, despite using vasoactive drugs, and the drug of choice
was hydrocortisone in 79% of cases.®®

Therefore, new multi-center and randomized clinical tri-
als are needed, so that true guidelines can be developed con-
cerning corticosteroid therapy in patients with septic shock
with suspicion of adrenal insufficiency. Our suggestion now is
to use low doses of hydrocortisone (10 mg/kg in bolus, fol-
lowed by 100 mg/m?/day every 6 hours) as soon as
catecholamine-refractory shock is detected for 5 days or until
vasoactive drugs are discontinued. As to baseline cortisol dos-
age and ACTH stimulation test, we suggest performing it
whenever possible in all children with catecholamine-
refractory shock, with the aim of guiding the therapy, and not
starting it.

Conclusion

Adrenal insufficiency is common and underdiagnosed in
children with severe sepsis and septic shock. We believe that,
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in the presence of catecholamine-refractory shock, the ACTH
stimulation test has an important prognostic value, helping
identify patients with relative adrenal insufficiency and serv-
ing as a therapeutic guide.

There are still doubts as to the therapy. New multi-center
and randomized clinical trials are needed to determine
whether the therapy using low doses of hydrocortisone will
contribute to reducing morbidity and mortality rates without
a significant increase in adverse events.
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