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Adrenal Insufficiency In Critically 11l Patients

S M Ashrafuzzaman

Abstract

Adrenal insufficiency means hypo function of the adrenal cortex, usually resulting in low glucocorticoid level and it
may be associated with low mineralocorticoid, rarely low adrenal androgen level. It can be categorized into two types:
primary and secondary. Primary adrenal insufficiency or Addison's disease is associated with low cortisol and high
ACTH level. Secondary/tertiary adrenal insufficiency is due to pituitary or hypothalamic disorders and is associated
with both low cortisol and ACTH level. Among critically ill patients (CIP) adrenal insufficiency is not uncommon. The
reported incidence of adrenal insufficiency varies greatly depending on the population of critically ill patients studied,
the type of test, cut off levels used, and the severity of illness. Several studies have shown increased mortality in patients
with very low or very high baseline cortisol levels. Manifestations of adrenal insufficiency in the critically ill patient
are numerous and nonspecific, so clinicians are urged to have a high index of suspicion while taking history and doing
physical examination and be alert to important diagnostic clues, such as hyponatremia, hyperkalemia, and
hypotension, that are refractory to fluids and vasopressor without any clear causation.

In current literature there is no consensus level of cortisol (basal/random/stimulated) in critically ill subjects. But it is
shown that both high and low cortisol level is associated with increased mortality. In one study Basal Serum Cortisol
<414 nmol/L and > 696 nmol/L is shown as indicative of higher risk among critically ill patients. Even with Septicemia
or ARDS all subjects don't suffer from adrenal insufficiency often termed relative adrenal insufficiency or critical
illness associated adrenal insufficiency. It has been observed that short term low dose IV hydrocortisone may be
beneficial in selective group of patients in intensive care unit (ICU) with critical illness.

Diagnosis of adrenal insufficiency associated with critical illness is still challenging for physicians working in ICU.
Treatment should be started without delay in emergency situation with Injection Hydrocortisone intravenously or even
intramuscularly. Since the condition appears to be common in patients with septic shock, clinicians should have a high
index of suspicion for its occurrence in critically ill patients with persistent hypotension despite adequate fluid
resuscitation and/or poor hemodynamic response to vasopressor. Adrenal insufficiency associated with other illnesses
in ICU are attributed to previous primary or secondary adrenal insufficiency. Treatment with physiologic doses of
corticosteroids should be started as soon as possible since short-term treatment carries very few risks and has been
shown to decrease both morbidity and mortality. Only suspected cases should be evaluated and could be treated with
100-200 mg Hydrocortisone in divided doses for 5-7 days. Glucocorticoid cannot be recommended as a routine
adjuvant therapy in all cases of septic shock or ARDS. But glucocorticoid earned its position among other rescue
strategies in subgroups of ICU patients with the highest mortality risk. Steroid use is an art and needs to be used by

experienced physician. Otherwise it may do more harm than benefit.

Introduction

Primary adrenal insufficiency was first recognized by
Addison in 1844 and described in 1855 in one of the classic
articles in medicine.! Subnormal cortisol production is the
hallmark of this condition. This condition is also observed
among critically ill patients specially with sepsis or septic
shock and it is different from primary or secondary adrenal
insufficiency (AI). Any stress, trauma or even infection
usually increases cortisol secretion as a normal physiology.
But in severe stress specially critical illness the cortisol
production varies from high to low. Both high and low
cortisol are associated with adverse outcome. Studies have
shown that deficiency of cortisol secretion by the adrenal
cortex increases morbidity and mortality in patients with
septic shock.? During stress of critical illness it is unclear how
much cortisol level is necessary to survive. Moreover in
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critically ill patients manifestations of adrenal insufficiency are
numerous and nonspecific. So clinicians are urged to have a high
index of suspicion and be alert to important diagnostic clues,
such as hyponatremia, hyperkalemia, and hypotension, that are
refractory to fluids and vasopressor without any clear causation®.

Few studies* have focused on random cortisol level during
critically illness. Level >25mcg/dL (695 nmol/L) and level
<9mcg/dL (250 nmol/L) both are considered to have bad
prognosis. Similarly it is also found that s. cortisol level vary
among patients of septic shock. Moreover due to difference in
cortisol binding globulin (CBG) total serum cortisol level may
not reflect the ideal hypothalamic pituitary adrenal ( HPA) axis
status. That’s why some author suggest that free cortisol level
more accurately reflects HPA axis activation®. In another study
it is found that increase of serum cortisol level < 9 mcg/dL
(250 nmol/L) from baseline, following intravenous
corticotrophin (either at 30 minutes or 60 minutes) is
associated with increased mortality from septic shock®’.

The frequency and diagnosis of adrenal insufficiency in
critically ill remain controversial despite  studies
demonstrating beneficial outcomes from treatment. Among
the critically ill patients, septic shock has been associated with
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a greater than 50% mortality rate,®® and very little progress
has been made®! in improving mortality. Study showed
beyond doubt that, administration of corticosteroids to
adrenalectomized animals improved survival,'' similarly
there is also proof that the continued suppression of
adrenocortical function increased the mortality rate in
critically ill patients'?. So, there is chance of new onset
adrenal insufficiency among critically ill subjects.

Prevalence

Adrenal insufficiency is estimated to occur at a rate of 0-30%
in the critically ill population'®'* and may be as high as 25-40%
in patients with septic shock,'>!¢ depending on the specific tests
and threshold used to diagnose adrenal insufficiency,
underlying disease, and severity of illness. Absolute adrenal
insufficiency is rare among critically ill patients, with an
incidence estimated to be <3 percent *. However, observations
argue that suboptimal cortisol production may be more
common and associated with worse outcomes.

Pathophysiology

Three organs Hypothalamus, Anterior pituitary, and Adrenal
cortex, collectively known as the hypothalamic - pituitary -
adrenal (HPA) axis maintain appropriate levels of
glucocorticoid. There are three distinct modes of regulation of
the HPA axis: diurnal rhythm in basal cortisol secretion,
marked increases in steroidogenesis in response to stress, and
the negative feedback regulation by adrenal cortisol. The
mechanism of adrenal insufficiency during critical illness is
not clear. However ACTH-cortisol dissociation has been
reported during critical illness, referring to low circulating
ACTH coinciding with elevated circulating cortisol’.
Sometimes there is reduced cortisol metabolism leading to
further hypercortisolemia. These changes usually are
proportional to duration and degree of critical illness.

Types of Adrenal Insufficiency

Adrenal insufficiency can be categorized into two types:
primary and secondary. Primary adrenal insufficiency, or
Addison's disease, is caused by the inability of the adrenal
gland to produce cortisol, aldosterone, or both, with the rest of
the HPA axis remaining intact. Secondary adrenal insufficiency
is caused by dysfunction of the hypothalamus, pituitary gland,
or both (with a normal adrenal gland) and is characterized by
low cortisol production and low or normal plasma ACTH
concentration. The glucocorticoid deficiency and low ACTH
concentration may result in hypotension and hyponatremia,
with normal potassium and hydrogen ion concentrations. The
ACTH-induced hyperpigmentation is absent in secondary
adrenal insufficiency, and the release of aldosterone, sex
hormones, and catecholamine is usually normal.

Adrenal insufficiency among critically ill patients is also
known as, non functional or relative adrenal insufficiency,
there is either insufficient cortisol or a cortisol level that may
be high in absolute terms but insufficient to respond to the
degree of stress. Thus, serum cortisol concentrations that are
normal in well patients may be inappropriately low in
severely sick patients. This inability to mount the appropriate
response increases the risk of death during severe illness."’
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Although absolute adrenal insufficiency is quite rare in
critically ill patients, relative adrenal insufficiency is
considerably more common.'® In chronic critical illness,
adrenal insufficiency may also result from catecholamine
receptor desensitization or down-regulation and/or chronic
secretion of cytokines and other substances that suppress the
HPA axis. This latter mechanism is sometimes called adrenal
exhaustion syndrome."

Diagnosis of Adrenal Insufficiency in critically ill : High-
versus Low-dose  Adrenocorticotropic Hormone
Stimulation Test

For diagnosis of AI multiple tests have been developed, but
the most commonly used test in the intensive care unit is the
adrenocorticotropic hormone (ACTH) stimulation test.
Rarely random or fasting s cortisol level is used. Still there is
controversy about the level of S.Cortisol as cut off value for
diagnosis of Al confidently or to select patient that who will
be benefitted with steroid as management of Al among
critically ill patients. Serum ACTH level usually not done to
differentiate primary from secondary Al. Usually there are 2
types of ACTH stimulation tests, described below.

Low dose (1 mcg) test

Use of the low-dose test has been proposed by some
clinicians.?®?!' It is prepared by diluting the 250-ug vial in 250 ml
of normal saline to obtain a concentration of corticotrophin
(ACTH) 1 mcg/ml and using a 1-ml syringe to accurately draw a
dose. The syringes can be kept at 4°C for up to 4 months without
any decline in biologic activity?. Results from a number of
studies indicate that the low-dose test is more sensitive than the
high-dose test for diagnosing adrenal insufficiency, but it is not
as sensitive as the insulin tolerance test?*?! %2 . As low dose
(Imcg) test is not well validated it is not yet recommended for
critically ill patients by most of the authors. Till date serum
cortisol with a minimum value >18 mecg/dL (500 nmol/L) before
or after ACTH injection (Imcg) is regarded as normal value
(Excludes adrenal insufficiency, and proves adequate adrenal
reserve, with or without stress or infection). The usual
recommendation is that, Low dose test in noncritical illness
subjects can be done on patients who recently developed ACTH
or corticotrophin releasing hormone deficiency or who has

recent pituitary surgery (Recent Secondary Adrenal
Insufficiency). But its role in CIP is not evaluated.
High dose (250 mcg) test

Measurement of cortisol levels with the High dose (250 mcg)
ACTH stimulation test is the standard and the most
convenient test for diagnosing adrenal insufficiency in the
ICU as well as non critical illness subjects. The test is based
on the inability of a diseased adrenal gland to secrete adequate
cortisol after injection of ACTH. The test is quick, simple,
insensitive to interferences, reliable, and essentially free of
adverse effects aside from very rare anaphylactic reaction.
The test can be done anytime of the day even without fasting.
Standard 3 samples 0, 30 and 60 minutes are tested. Injection
ACTH 250 mcg usually given IV. But in modified protocol
IM can be given. Now a days mostly 3 sample is done, but
very few author advised only one sample at 30 or 60 minutes.




The current criteria used to indicate normal adrenal function
are a minimum serum cortisol concentration =18 to 20
mcg/dL (500 to 550 nmol/L) before or after corticotropin
(ACTH) injection (250mcg).

A maximum increase of serum cortisol <9 mcg/dL from
baseline, at 60 minutes after ACTH stimulation, is associated
with increased mortality from septic shock.?**s Baseline and/or
post-ACTH serum cortisol <23.7 mcg/dL (670 nmol/L)
predicts Al and responsiveness to exogenous steroids in septic
shock (that is patient will Respond with steroid treatment).
Responsiveness is defined by the ability to maintain a Mean
Arterial Blood Pressure >65 mmHg without norepinephrine
infusion within 24 hours after starting hydrocortisone.
Diagnosis

Suboptimal cortisol production during septic shock has been
termed "functional" adrenal insufficiency, "relative" adrenal
insufficiency, or “critical illness-related corticosteroid
insufficiency (CIRCI)”. The functional adrenal insufficiency is
usually transient. But level of basal or stimulated cortisol can't
differentiate the absolute or functional adrenal insufficiency of
critically ill patients, by their cut-off values. Broadly accepted
consensus about diagnostic criteria for this entity is lacking.
Response to ACTH testing should not be used to select patients
for corticosteroid therapy. The ACTH stimulation test has
failed to consistently identify patients with septic shock that
benefit from corticosteroid use. This, together with the
unreliability of available plasma cortisol assays in many labs
suggest that ACTH stimulation testing is not clinically useful in
distinguishing responders from not responders.

Treatment

Glucocorticoid has long been investigated as therapeutic
agents in sepsis because the pathogenesis of sepsis involves
an intense and potentially deleterious host inflammatory
response. Two meta-analyses*’?® showed that use of
glucocorticoid provides no overall benefit in the treatment of
septic shock in all cases, with one of the meta-analyses
suggesting that it may be harmful.?® The studies included in
these meta-analyses used high-dose glucocorticoid for a short
period of time. In fact, one meta-analysis?’ showed no overall
beneficial effect and no difference between low-dose and
high-dose glucocorticoid.

Based on clinical evidence the surviving sepsis campaign
(SSC) 3% recommends to use IV hydrocortisone only in
septic shock refractory to vasopressor and fluid resuscitation.
The dose being 200-300 mg/day divided doses or by
continuous drip for 5-7 days and withdraw gradually.

Evidence from randomized trials®®*' suggest that
corticosteroid therapy is most likely to be beneficial in
patients who have severe septic shock (defined as a systolic
blood pressure <90 mmHg) that is unresponsive to adequate
fluid resuscitation and vasopressor administration. Data from
ongoing clinical trials are needed to confirm that benefit.

In patients without shock, or patients with less severe septic
shock (defined as those in whom fluid resuscitation and
pressor therapy have restored hemodynamic stability),
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corticosteroid therapy does not appear to be beneficial. So
corticosteroid is not recommended in these cases.

Close observation of those patients whose steroid therapy is
stopped without being tapered is warranted. It is not
recommended to add fludrocortisones to hydrocortisone.

Summary and Recommendation

Dysfunction of HPA axis with critical illness is best described
by the term relative adrenal insufficiency (also known as
critical illness related corticosteroid insufficiency) although
the differentiation between absolute or relative adrenal
insufficiency remains controversial. Prevalence varies
according to disease, severity and duration.

In general at ICU, testing should only be employed in patients
who have clinical features suggesting adrenal insufficiency
(vasopressor dependent) or in those with severe sepsis or
septic shock.

The current best diagnostic approach for adrenal insufficiency
in all critically ill patients is random/basal cortisol
measurement and peak response after 250 mcg ACTH .

ACTH stimulation test should not be done in patients with no
clinical features of adrenal insufficiency specially in patients
with septic shock or ARDS to determine who will be treated
with Steroid.

Serum Free Cortisol is not recommended in critically ill
patients due to probable abnormality in Serum Albumin and
Cortisol Binding Globulin (CBG).

A rational approach is to combine a lower cutoff limit of
Serum cortisol 414nmol/L (15mcg/dl) with a stimulated
cortisol level 690nmol/L (25 mcg/dl) which should reduce the
possibility of missing either adrenal insufficiency among CIP.
Some Intensive Care Unit uses cut-off value of S Cortisol
from baseline after ACTH 250 mcg, that is, if increase of S
Cortisol < 9 mcg/dL (250 nmol/L) after Synacthen from
baseline S cortisol (any level), it indicates Adrenal
Insufficiency. Some Author believes that, this cutoff value
may lead to some unnecessary treatment. So this cut-off value
for diagnosis of Al among CIP to be weighed against the
benefit along with clinical judgment.

ACTH stimulation test should not be used to identify adults
with septic shock, who should receive hydrocortisone.

Moderate dose Hydrocortisone (100-200 mg/day) therapy is
recommended in management strategy in patients with septic
shock particularly if poor response with adequate fluid and
vasopressor. Steroid should not be used for sepsis in absence
of septic shock *. Dexamethason or other steroid for Al is not
recommended.

Moderate dose of methylprednisolone can be considered in
early severe ARDS and before day 14 in unresolved ARDS,
but optimal duration of treatment is unclear.

If treated steroid should be tapered slowly, taper when
vasopressor is no longer required.

The dose of Hydrocortisone should not exceed 50 mg 6
hourly (total 200 mg/day in 4 divided doses).
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Alternate dosage regimen is 100 mg IV bolus followed by 10
mg/hour IV infusion (240 mg/d). Some ICU recommends
continuous flow of Hydrocortisone, rather than IV 6-8 hourly.

In early severe ARDS Methylprednisolone 1mg/kg/day as
continuous infusion.

Fludrocortisones 50-100 mcg orally daily is usually necessary
in Primary Adrenal Insufficiency.

Dexamethason is not recommended for Septic shock or ARDS.

Conclusion

Adrenal insufficiency can be life threatening particularly in
stressful situations, and its diagnosis is always a challenge,
especially in patients with critical illness. Since the condition
appears to be common in patients with septic shock and rarely
with ARDS, clinicians should have a high index of suspicion
for its occurrence in critically ill patients with persistent
hypotension despite adequate fluid resuscitation and/or poor
hemodynamic response to vasopressor. Careful history taking
and physical examination, complemented by other signs such
as hyponatremia and hyperkalemia, should help identify most
cases. Patients may have previous primary or secondary
adrenal insufficiency but usually suffers from relative adrenal
insufficiency of critical illness. Specialist in ICU and expert
physicians working in ICU can suspect, diagnose and treat
effectively for better outcome in critically ill with AL
Otherwise use of steroid in many patients in ICU may be
harmful rather than beneficial.
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