L))

Check for
updat

Page 1 of 5

A potential diagnostic protocol for critical illness-related
corticosteroid insufficiency (CIRCI) in critically ill patients

Xiaofang Huang', Wenging Hu'"’, Xiaojun He’*, Gensheng Zhang'

'Department of Critical Care Medicine, Second Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou 310009, China; “Department
of Critical Care Medicine, Haining Municipal Central Hospital, Haining Hospital of Zhejiang Province Peoples Hospital, Haining 314400, China;
‘Institute of Emergency Medicine, Zhejiang University, Hangzhou 310009, China; *Editorial Department of Chinese Journal of Emergency
Medicine, Hangzhou 310009, China

Correspondence to: Dr. Gensheng Zhang, MD, PhD. Department of Critical Care Medicine, Second Affiliated Hospital, Zhejiang University School of
Medicine, Hangzhou 310009, China. Email: genshengzhang@zju.edu.cn.

Abstract: Critical illness-related corticosteroid insufficiency (CIRCI) is described as impairment of the
hypothalamic-pituitary-adrenal axis during critical illness. As a functional and likely transient deficiency
acquired during critical illness, CIRCI refers to an insufficiently activated corticosteroid relative to the
degree of stress. The 2008 guidelines recommend adrenocorticotropic hormone stimulation test or a
random plasma cortisol could establish the diagnosis of CIRCI, but the most recent 2017 guidelines make no
recommendation regarding which one is better for the diagnosis of CIRCI. Thus, certain supplements are
needed. Herein, we attempted to provide our own opinions and introduce a potential protocol that might be
helpful to improve the diagnosis of CIRCI.
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Introduction

Ciritical illness-related corticosteroid insufficiency (CIRCI)
is defined as inadequate cellular corticosteroid activity
for the severity of patient’s critical illness (1). Physicians
still lack effective clinical tools to diagnose CIRCI,
which manifests by insufficient glucocorticoid (GC)-
glucocorticoid receptor (GR)-mediated down-regulation
of proinflammatory cytokines (2). The 2008 guidelines
recommend that the diagnosis should be an increase in
total cortisol at 60 min from baseline <9 pg/dL after a
250-pg cosyntropin stimulation test or a random total
cortisol <10 pg/dL (1). Considering only one single-
center unblinded randomized trial and a small number
of prospective cohort studies were included, the 2017
guidelines make no recommendation regarding which one
is better for the diagnosis of CIRCI (3). We acknowledge
that adrenocorticotropic hormone (ACTH) stimulation test
or a random plasma cortisol is superior to other existing
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diagnostic tests to establish the diagnosis of CIRCI, but
certain supplements might be needed. As we know, critical
patients with CIRCI are often complex with various degrees
of plasma cortisol hour-to-hour, and then a single random
plasma cortisol measurement is imprecise. In addition,
the reference range of total or free serum cortisol has not
been identified (4). Not all patients suffering from CIRCI
display a significant decrease in random plasma cortisol
(less than 10 pg/dL). In contrast, a subset of patients has
elevated plasma cortisol in the presence of CIRCI (5). The
reduced circulating plasma cortisol might partially due to
structural damage to the adrenal gland from hemorrhage
or infarction (6). Several factors like oxidative stress,
cytokines and mediators that suppress cortisol synthesis also
lead to decreased plasma cortisol (7). If a random plasma
total cortisol <10 pg/dL, a diagnosis of CIRCI might be
made just following the guidelines (1,3). But how could
we diagnose CIRCI for those who have elevated cortisol
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Figure 1 A flow chart for diagnosis of critical illness-related corticosteroid insufficiency (CIRCI). If a random plasma total cortisol <10 pg/dL,

which indicates the dysfunction of HPA axis, a diagnosis of CIRCI might be made. If the patient has a MIF >19.5 ng/mL, a diagnosis of

CIRCI might be established directly. If a random plasma total cortisol is >10 pg/dL, the ACTH concentration and GR should be assessed.

If an increase in the ACTH concentration with a negative respons

cortisol clearance by cortisol metabolism test or a progressively low

e to DST, or if a decrease in the ACTH concentration with a decreased

ering of the cortisol to dynamic ACTH stimulation tests, the dysfunction

of HPA axis should be considered. If the measurement of GR levels suggests glucocorticoid tissue resistance, a diagnosis of CIRCI should

also be considered. 1, up-regulation; |, down-regulation. ACTH, adrenocorticotropic hormone; DST, dexamethasone suppression test; GC,

glucocorticoid; GR, glucocorticoid receptor; MIF, macrophage migration inhibitory factor; HPA axis, hypothalamic-pituitary-adrenal axis.

or higher than 10 pg/dL? Herein, we provided our own
opinions and introduced a potential protocol that might be
helpful to improve the diagnosis of CIRCI (Figure 1), and
this protocol could be programmed as soon as inadequate
GC-mediated anti-inflammatory activity was suspected.

Dexamethasone suppression test (DST)

DST is often used to differentiate diagnosis of
hypercortisolism in clinical practice. Dexamethasone
can suppress the secretion of hypothalamic and pituitary,
inducing the decreased level of cortisol, which can help
physicians to judge the function of hypothalamic-pituitary-
adrenal (HPA) axis. At the early phase of critical illness or
acute stress, HPA axis is activated and stimulates the release
of ACTH from the pituitary, which increases the release
of cortisol from the adrenal cortex. In such circumstance,
patients might have elevated plasma cortisol even in the
presence of CIRCI. In addition, for patients with CIRCI,
the elevated cortisol concentrations might be partially
due to direct production of cortisol from the adrenal
glands or ACTH-independent cortisol synthesis (2).

Cortes-Puch et al. (8) showed that dexamethasone
suppressed cortisol and ACTH levels and restored HPA
axis response in survivors with a canine model of severe
septic shock due to Staphbylococcus aureus pneumonia, while
non-survivors who were not influenced by dexamethasone
suppression exhibited a distinct HPA axis dysfunction. From
these results, we can know that if DST is positive, it suggests
that dexamethasone can produce sufficient GC to carry out
anti-inflammatory activity, restore the homeostasis, and
protect adrenocortical function; if DST is negative, it might
indicate the dysfunction of HPA axis and poor prognosis.
However, there are no researches on humans with critically
illness untl now. If this test is proved on human, an increase
in the ACTH concentration with a negative response to
DST, the dysfunction of HPA axis could be considered.

Cortisol metabolism test

Reducing cortisol breakdown may be another mechanism
of CIRCI during critical illness (2). Cortisol is metabolized
primarily in the liver and the kidneys, in CIRCI, cortisol
clearance is reduced due to the decreased expression and
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activity of 5-reductases (5B-reductase and Sa-reductase)
within the liver and 11B-hydroxysteroid dehydrogenase
type 2 (11B-HSD2) within the kidney (5), the increased
half-life and accumulation of cortisol reduce the release
of ACTH. Along with the process of stress response, high
cortisol levels in turn reduce ACTH concentrations via
feedback inhibition. Besides, insufficient blood supply to
the anterior pituitary gland, accumulation of nitric oxide or
central neuropeptides, and many drugs are associated with
decreased ACTH secretion (2). When a patient presents
with an elevated cortisol level and a decrease in the ACTH
concentration, the cortisol clearance could be estimated
by cortisol metabolism test to make sure whether the
dysfunction of HPA axis exists. But how to carry out cortisol
metabolism test effectively needs to be further investigated.
In condition of a decrease in the ACTH concentration with
a decreased cortisol clearance by cortisol metabolism test,
the dysfunction of HPA axis might be considered.

Dynamic ACTH stimulation test

Evidence has shown that the response to an ACTH
stimulation test is poorly reproducible in critically ill
patients and adrenal function is dynamic (9). Although
ACTH stimulation test may be indicative of adrenal
function in certain circumstances, controversy exists with
respect to the optimal dose of cosyntropin and end points
for assessment (4). A report documented that 20-fold
higher incidence of symptomatic adrenal insufficiency in
critically ill patients being treated in the ICU for more than
14 days (10). For long-stay patients with decreasing random
plasma cortisol (may be still higher than >10 pg/dL),
a progressively lowering of the cortisol response to
repetitive ACTH stimulation tests might be better
than ACTH stimulation test to diagnose CIRCI. In
an observational longitudinal retrospective study, de
Jong er al. (11) revealed that dynamic changes in delta
cortisol using repeated ACTH testing can better reflect
adrenal responsiveness and disease severity, independent
of baseline cortisol levels and cortisol binding in blood.
Dynamic ACTH stimulation test is completed by use
of repetitive measurements of plasma cortisol over time
together with repetitive ACTH stimulation tests to
investigate the changes of cortisol (delta cortisol) (12).
Studies have revealed that the cortisol responsiveness to
ACTH restores after recovery of illness, while decreasing
cortisol responses during dynamic ACTH stimulation test
is associated with poor outcomes (11,13). Nevertheless,
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there are still some problems, for example, how often
ACTH stimulation tests should be done and what the
optimal dose of cosyntropin is. If these problems are
resolved, a decrease in the ACTH concentration with a
decreased delta cortisol after dynamic ACTH stimulation
tests, the dysfunction of HPA axis could be considered.

Measure levels of GR

Tissue resistance to GC is one of the major pathophysiologic
events of CIRCI (2), which refers to decreased GC cellular
uptake and/or suppressed expression or function of GR.
Critical illness is associated with a decrease in GR-a
expression but an increase in GR-B expression, which
results in an imbalance between GR-0 and GR-; and these
changes likely lead to corticosteroid resistance (14). GR-a
is the active receptor, which binds to GC and controls GC-
mediated activity, while GR-p has a dominant negative
effect on GR-a-induced transcriptional activity (15). Any
condition that affects GR-a binding affinity, concentration,
transport to the nucleus, interactions with GC-responsive
elements, relevant transcription factors (e.g., NF-xB, AP-1)
and co-regulators can eventually affect the response of cells
to GC (2,16). Meduri et al. (17) demonstrated that deficient
GR-o activity was observed despite elevated circulating
cortisol and ACTH levels, implicating ACTH stimulation
test could not reflect GC resistance. Hence, despite the
elevated cortisol levels during critical illness, CIRCI could
also occur due to the tissue resistance to GC. Measurement
of the functional GR might be a means by which to diagnose
CIRCI and assess the usefulness of steroid therapy. Recent
study has shown that a more available approach is the real-
time measurement of GR nuclear and cytoplasmic levels by
flow cytometry using of small quantities of peripheral blood
(3-5 mL), which might be of clinical use (15). GR localized
to the nucleus has the functional capacity to either activate
or repress transcription GR-targeted genes, and it is the
localization of GC:GR to the nucleus that determines the
therapeutic function. As such, GR localization within the
nucleus is a means by which to identify functional GR (15).
Unfortunately, the exact levels indicating normal wvs.
abnormal are still uncertain. If the measurement of GR
levels suggests GC tissue resistance, a diagnosis of CIRCI
should also be considered.

Biomarker

Biomarker detection is a fast and effective method for
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diagnosing illness in clinical. Serum macrophage migration
inhibitory factor (MIF) is one of the inflammatory
mediators, which acts as a physiological counter-regulator
of the anti-inflammatory and immunosuppressive effects
of GC (18). Multiple clinical studies have shown that
MIF is a potential biomarker for different diseases, such
as sepsis and septic shock, autoimmune diseases; cancer
and metabolic diseases (19). It might also apply to CIRCI.
MIF and GC are reciprocally involved in regulating the
inflammatory and anti-inflammatory balance (18). At
low physiological GC concentrations, MIF synthesis and
release are induced, whereas at high GC concentrations
its overriding capacity is diminished (20). A recent study
demonstrated that patients could be segregated into
normal group and adrenal insufficiency group with the
threshold serum MIF (19.5 ng/mL) by using receiver
operating characteristic (ROC) curve analysis, the
maximum sensitivity and specificity for CIRCI were 0.737
and 0.773, respectively (21). Given to the potential role
of MIF, it might be a valuable clinical marker of adrenal
insufficiency. If the patient has a MIF >19.5 ng/mL, a
diagnosis of CIRCI might be established directly. But
more randomized control trials are needed to illuminate
the relationship between MIF and the HPA axis.

Conclusions

To better understand the diagnosis of CIRCI combined
with the guidelines and the review published recently (2,3),
we have provided the flow chart though its rationality still
needs further confirmation (Figure I).
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