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Abstract

Background: Central adrenal insufficiency (CAI) is char-
acterized by impaired adrenocorticotropin (ACTH) secre-
tion because of a disease or injury to the hypothalamus or 
the pituitary, leading to a reduced cortisol production. CAI 
suspicion arises more frequently in patients with pituitary 
tumors, cranial irradiation/surgery/injury/infections, 
as well as after exogenous glucocorticoid withdrawal. 
Nevertheless, a late diagnosis is not uncommon because 
CAI may present with nonspecific signs or symptoms, as 
fatigue or hyponatremia.
Content: The PubMed database was searched (years 
1980–2018), using “central adrenal insufficiency” and 
“ACTH deficiency” as keywords. Subsequently, reference 
sections of the retrieved articles were searched.
Summary: Dynamic tests are needed when morning basal 
cortisol levels are not sufficient to exclude or to confirm 
CAI. Short Synacthen Test (SST) is the most used, and 
Endocrine Society’s guidelines recommend a cortisol 
peak >500  nmol/L to exclude CAI. Despite thresholds, 
understanding the pretest probability of ACTH defi-
ciency (the clinical background of the patient) is essen-
tial because the diagnostic accuracy of SST in case of a 
negative result is suboptimal. Glucocorticoid replacement 
therapy, able to replicate cortisol circadian rhythm, is 
required in patients with CAI; fludrocortisone treatment 
is not necessary. Short-acting glucocorticoid drugs (hydro-
cortisone or cortisone acetate) are the most used; lower 
doses than previously used are nowadays recommended 

to reduce cortisol-related comorbidities. Promising results 
have been obtained with modified-release hydrocorti-
sone, especially regarding glucose metabolism in patients 
with primary adrenal insufficiency.
Outlook: An accurate clinical diagnosis and a careful 
individualized therapy are mandatory in patients with 
CAI.

Keywords: adrenal insufficiency; central hypoadrenal-
ism; corticotropin test; hydrocortisone.

Introduction
A functional hypothalamic-pituitary-adrenal (HPA) axis is 
essential for normal health and life expectancy. Adrenal 
insufficiency is defined by the inability of the adrenal 
cortex to produce a sufficient amounts of glucocorticoids 
(GC) and/or mineralocorticoids [1]. Patients with primary 
adrenal insufficiency (PAI) present with symptoms that 
result from the lack of both GC and mineralocorticoid 
secretion [2]; however, central adrenal insufficiency (CAI) 
is characterized by inappropriate adrenocorticotropin 
(ACTH) secretion as a result of disease or injury to the 
hypothalamus or pituitary gland, leading to a failure of 
adrenal cortisol production [3, 4].

Most signs and symptoms of adrenal insufficiency 
are nonspecific and present chronically as fatigue, weight 
loss, postural dizziness and hypotension; however, an 
acute presentation (adrenal crisis) with severe hypoten-
sion, abdominal pain (mimicking and acute abdomen) 
and hyponatremia is a life-threatening condition [1, 2, 5, 
6]. Mineralocorticoid secretion is preserved in patients 
with CAI; therefore, hyperkalemia and hypotension are 
typical features in PAI, as well as hyperpigmentation due 
to enhanced secretion of pro-opiomelanocortin peptides 
[1, 2]. Late diagnosis is not uncommon; several authors 
reported that CAI seems to be a frequently overlooked 
cause of hospitalization in case of hyponatremia, espe-
cially in the elderly [7, 8].

Prompt and correct diagnosis is mandatory because 
adequate hormonal replacement therapy is lifesaving 
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[3, 4]. The measurement of morning serum cortisol is the 
initial step of diagnosis; however, when cortisol levels 
are not clearly sufficient or insufficient to respectively 
exclude or confirm adrenal insufficiency, biochemical 
testing is recommended. Different basal or stimulated cor-
tisol cutoff levels, mainly developed with different immu-
noassays, have been proposed in literature; however, in 
clinical practice, it is mandatory to consider the pretest 
probability of HPA axis impairment (in terms of the clini-
cal background of the patient) [3, 4, 9, 10].

Patients with adrenal insufficiency require lifelong 
GC replacement therapy, whose primary aim is to provide 
an appropriate amount of cortisol at the appropriate time, 
closely to the circadian cortisol rhythm [3, 11–13]. One of 
the major drawbacks related to GC substitution therapy is 
the lack of objective methods or biomarkers able to reveal 
under- or overreplacement. Therefore, the treatment is 
guided both by physician’s expertise and by subjective 
health status of the individual [3, 4, 13].

This review focuses on the diagnosis and manage-
ment of CAI, considering assay issues, cortisol stimulation 
and the titration of substitutive treatment.

Is secondary adrenal insufficiency 
a rare condition? Who should be 
tested?
Impaired ACTH secretion could be related to endogenous 
hypothalamic-pituitary injury or to iatrogenic HPA axis 
suppression by synthetic GC. In Table 1, we summarize the 
high-risk population for CAI.

A GC treatment is largely used in general popula-
tion (up to 2%): CAI onset after GC discontinuation is not 
uncommon and sometimes unrecognized (up to 4% of 
patients after nasal GC) [14]. There is no administration 
form, dosing, treatment duration or underlying disease 
that could exclude CAI onset, although higher doses and 
longer use of GC give the highest risk [14, 15]. Considering 
hospitalized patients with critical illness, transient HPA 
axis suppression is increasingly observed and reported as 
relative adrenal insufficiency, a combination of primary 
and secondary adrenal insufficiency, because both low 
CRH-ACTH levels and impaired adrenal gland steroidogen-
esis are observed [16]. Another form of combined primary 

Table 1: Etiology and prevalence of acquired CAI.

Sellar mass
 Craniopharyngioma (87%)
 Pituitary adenoma (secreting and non functioning, up to 40% pre and 75% postsurgery)
 Pituitary carcinoma or metastases
 Other skull base tumors
Drug induced
 Withdrawal of exogenous GCs (from 7% for asthma with inhalation GC to 60% for hematological malignancies)
 Surgery for Cushing’s syndrome (up to 100% of patients in remission, recovery of HPA function in 3–24 months in most patients)
 Immune checkpoint inhibitors (ipilimumab, a form of iatrogenic hypophysitis, up to 20% of treated patients)
Post intracranial procedures
 Pituitary or intracranial surgery (up to 50%)
 Pituitary irradiation (ranging from 12% to 68%, prevalence increases with time)
 Cranial or total-body irradiation for non-pituitary tumors (up to 10%)
Infiltrative
 Neurosarcoidosis (up to 49%)
 Histiocytosis (up to 10%)
 Hemochromatosis (up to 45%)
Inflammatory
 Hypophysitis (up to 60%)
 Meningitis (particularly tuberculous)
Traumatic/vascular
 Pituitary apoplexy
 Traumatic brain injury (up to 8%)
 Subarachnoid hemorrhage (up to 6%)
Miscellaneous
 Idiopathic
 Empty sella syndrome (up to 15%)
 Relative adrenal insufficiency in hospitalized patients with acute illness (from 10% in hospitalized ill patient to 60% in those with septic shock)
 Liver cirrhosis (all stages, 10%–82% of cirrhotics depending on the test used)
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and secondary adrenal insufficiency may occur in liver 
cirrhosis, where adrenal cortisol secretion is impaired, 
because of low levels of total cholesterol, and ACTH secre-
tion is reduced, secondary to increased circulating proin-
flammatory cytokines [17].

Because hypoadrenalism after surgical treatment of 
endogenous Cushing’s syndrome is one of the remission 
criteria, the development of CAI starts early after the resec-
tion of an ACTH- or a cortisol-secreting tumor. Therefore, 
in this setting, GC substitutive treatment must be started 
early after surgery and tapered upon physiological recov-
ery of HPA axis [4, 18].

Besides the aforementioned conditions, endoge-
nous CAI is a rare condition, and its prevalence is about 
150–280 cases per million inhabitants [4], higher than 
that reported for PAI (100–140 cases per million) [1]. In 
patients with pituitary tumors, cranial surgery or irradia-
tion history or brain injury infection, CAI is identified in 
the formal screening process for hypopituitarism. About 
one-third of the patients with pituitary failure may present 
CAI [3, 4, 10, 16, 19–22]. Considering treatment options 
for pituitary adenoma, medical therapy seems to be pro-
tective regarding the integrity of HPA axis, especially in 
secreting forms [23]. The reported prevalence of CAI after 
trans-sphenoidal surgery could be up to 50% in patients 
with pituitary adenoma [24–28], and 90% for craniophar-
yngioma, which usually requires larger or repeated sur-
gical approaches, often combined with radiotherapy [29, 
30]. Despite CAI diagnosis, patients need to be reassessed 
in the follow-up because the HPA axis could recover after 
surgery in some cases, avoiding unnecessary GC treatment 
[24]. In 2015, Yedinak et al. [26] reported that the complete 
recovery rate of HPA axis after surgery in patients with 
acromegaly was higher than those with non-functioning 
pituitary adenoma, despite the need for medical therapy, 
after 7  years of follow-up using 1 μg Short Synacthen 
Test (SST). They discovered 20 new onset of CAI, devel-
oped 6–12 weeks after pituitary surgery in a cohort of 100 
patients, especially in macroadenomas: 70% of these new 
onset CAI resolved after 1 year of observation [26].

CAI is common after pituitary irradiation (ranging 
from 12% to 68% [22, 31, 32]), as well as after cranial 
radiation for intracerebral or nasopharyngeal tumors 
and total body irradiation for hematological malignan-
cies. Despite initial cancer, total radiation dose or kind of 
treatment (being fractionated, proton beam or stereotactic 
radiotherapy), CAI may take a few years to develop, with 
incidence of all pituitary hormone deficiencies almost 
doubling between years 2 and 7 of follow-up [33, 34].

Selected high-risk categories of patients are those after 
brain injury (traumatic or subarachnoid hemorrhage [13]), 

infectious meningitis or pituitary abscess [19, 35], and 
hypophysitis induced by ipilimumab, a monoclonal anti-
body directed against cytotoxic T-lymphocyte antigen-4 
acting as an immune checkpoint inhibitor [21, 36].

Reversible, acquired and isolated ACTH deficiency is 
particularly associated with lymphocytic hypophysitis: 
the association with pregnancy, the presence of antipi-
tuitary antibodies and the radiological features (homoge-
neous pituitary expansion with stalk thickened) are the 
clinical hallmarks of hypophysitis [37, 38].

Another critical issue common in hypopituitarism 
concerns the GH replacement therapy, which could 
unmask a latent CAI: GH is able to accelerate the periph-
eral metabolism of cortisol, revealing an unknown CAI or 
requiring an increase in current GC dose [39].

What is the rationale for SST?
The measurement of morning serum cortisol is the initial 
step of CAI diagnosis: different cutoffs have been pro-
posed; however, it is generally accepted that low morning 
cortisol levels are indicative of adrenal insufficiency, 
in both primary and secondary forms. The threshold of 
morning cortisol level that exclude adrenal insufficiency 
with a sensitivity of 100% is uncertain: the choice of a 
higher cutoff allows to consider also partial HPA axis 
impairment (common in CAI). The final diagnosis of 
adrenal insufficiency is highly likely if morning cortisol is 
<138 nmol/L (5 μg/dL, two samples if clinically feasible) 
in PAI [1, 2], as well as in CAI [40, 41]. However, to avoid 
false diagnosis and inappropriate GC treatment, stricter 
criteria (<80–100 nmol/L) in one sample are suggested to 
diagnose CAI [3, 4, 10].

One of the major drawbacks concerning the diagno-
sis of adrenal insufficiency (and unfortunately one of 
the less known) is that the reliability of routine immu-
noassays is highly variable because an accurate cortisol 
quantification is compromised by matrix effects, consid-
erable interassay variation and partial antibody specific-
ity, therefore leading to an uncertainty area starting in 
the range of 100–150  nmol/L [42]. Lack of standardiza-
tion across different platforms for cortisol measurement 
is an issue in routine clinical practice because some 
cutoff values established with immunoassay could not 
be used with other platforms [43]. Liquid chromatogra-
phy coupled with tandem mass spectrometry (LC-MS/
MS) offers improved specificity and sensitivity; however, 
cortisol cutoffs proposed in guidelines did not consid-
ered cortisol assays [1, 10, 44].
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Elevated levels of cortisol-binding globulin in women 
receiving estrogen treatment may increase total serum 
cortisol levels; therefore, in some cases, a woman with 
suspected CAI may present a misleading normal serum 
cortisol concentration [43]. Contrariwise, morning sali-
vary cortisol level is free: it has been studied in women 
using oral contraceptive pill or during pregnancy [45], and 
in suspected adrenal insufficiency with immunometric 
assay [46] or with LC-MS/MS [47]. However, the diagnostic 
accuracy of salivary cortisol in suspected adrenal insuf-
ficiency is questionable [48], and its routine use is not yet 
suggested [1, 10]. High ACTH values and cutaneous hyper-
pigmentation increase the clinical suspicion of PAI [1, 2]; 
nonetheless, the finding of a random low/normal ACTH 
level may not be helpful in diagnosing CAI [3, 4].

When cortisol levels are not clearly sufficient or insuf-
ficient to respectively exclude or confirm adrenal insuf-
ficiency, biochemical testing with SST is recommended 
to confirm the diagnosis [10]. Despite the guideline’s rec-
ommendation, there are a large amount of data showing 
that almost all patients with an early morning cortisol 
>400 nmol/L pass stimulation tests if modern assays for 
cortisol are considered, i.e. the recent automated immu-
noassays Advia Centaur (Siemens), Architect (Abbott) or 
the Roche Modular System (Roche) [4, 49].

The rationale of SST in CAI is the assumption that the 
acute responsiveness of the adrenal zona fasciculata is 
reduced in chronic endogenous corticotropin deficiency; 
therefore, a rapid ACTH injection fails to stimulate a 
cortisol response after 30–60  min [40]. However, it is to 
consider that a patient with partial ACTH deficiency (i.e. 
with a suboptimal cortisol peak after SST) is likely to have 
ACTH levels within normal values for most of the day, 
without functional adrenal atrophy, thus explaining the 
relative low sensitivity of SST in some cases with partial 
HPA axis impairment.

Standard (or high, 250 μg) dose SST is recommended 
in patients with PAI [1]; however, in CAI, both low (1 μg) 
and standard dose SSTs are suggested: a cortisol peak 
>500 nmol/L at 30 or 60 min is sufficient to exclude CAI 
[10]. In clinical practice, a significant deviation from this 
threshold is adopted in 52% of the 250-μg SST and 39% of 
the 1-μg SST, reflecting the use of locally derived cutoffs, 
dependent on the assay platform used and the clinical 
context of the patient [49, 50]. In this scenario, under-
standing the pretest probability of ACTH deficiency (the 
clinical background of the patient: a positive history for 
pituitary surgery or irradiation, previous or concomitant 
GC treatment, exposure to cranial or total body irradiation 
and so on) is essential to properly diagnose CAI because 
SST had a suboptimal likelihood ratio for a negative test 

[9]. To avoid analytical interferences, Endocrine Society’s 
guidelines suggest testing for HPA axis at least 18–24  h 
after the last hydrocortisone (HC) dose, or after a longer 
withdrawal for long-acting GC [10].

Because the rationale for SST is the assumption that 
cortisol response is blunted in chronic ACTH deficiency, 
it is important to define when we consider the condi-
tion that probably will induce the CAI as “chronic”. Few 
papers investigated the optimal time shift to perform SST 
(suggesting that it can be carried out at least 4 weeks after 
pituitary surgery [51, 52]), but the major part of the studies 
proposed the stimulation test 2–3  months after surgery 
[53–56]. Therefore, in clinical practice, SST is scheduled 
2–3 months after every HPA axis injury. At the best of our 
knowledge, conclusive data regarding the time of cortisol 
testing in other different etiologies of CAI (i.e. withdrawal 
of exogenous GCs, brain injury and so on) are lacking: 
further studies are needed to establish the optimal time 
shift to assess HPA axis in these patients.

Standard or low-dose SST: that is 
the question
There is an ongoing debate about the optimal dose of 
corticotropin in SST: it is suggested that 250 μg is a sup-
raphysiological stimulus, eliciting very high circulating 
ACTH levels, therefore excessive to detect mild CAI [56]. 
In patients with partial endogenous ACTH deficiency, the 
adrenal responsiveness to high doses of ACTH may be pre-
served, with a resultant false-negative SST. By contrast, 
the 1-μg dose is known to be the lowest one to induce 
adrenal response because 0.6 or 0.8 μg was not able to 
increase cortisol levels in healthy controls [57].

Contrasting data about SST diagnostic accuracy are 
reported: some authors reported a superior role of 1 μg 
[58, 59] or 250 μg [52, 54, 60] SSTs, and others reported 
that both tests presented similar results [55, 56, 61].

Kazlauskaite et al. [40] performed a systematic quan-
titative meta-analysis (600 patients) to compare the per-
formance of the 250- or 1-μg SST in patients with CAI 
[confirmed with insulin tolerance test (ITT) or metyrapone 
test], considering only high-risk populations (pituitary or 
other intracranial tumors, brain surgery or irradiation 
and hypopituitarism). Half of the patients performed both 
tests: the 1-μg SST had a larger area under the receiver 
operating characteristic curve than the standard dose, 
also after adjusting for cortisol assay. Therefore, they 
concluded that 30-min cortisol values after the 1-μg SST 
presented a better diagnostic performance. Authors also 
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suggested a three-step approach for evaluating patients 
with possible CAI: the first was measuring morning corti-
sol levels, the second was to perform a 1-μg SST if serum 
cortisol levels were <138 or >365 nmol/L and the third was 
to consider ITT or metyrapone test only in indeterminate 
SST results. This flowchart would be able to diagnose the 
majority of patients; however, clinical judgment (starting 
from the clinical background of the patient) would main-
tain a critical role.

Recently, Ospina et  al. [9] included only studies 
reporting CAI diagnosed with ITT or metyrapone test (1200 
adult patients) in a meta-analysis. They concluded that 
both high and low-dose SSTs had low sensitivity (64% for 
standard and 83% for low-dose SST) and high specificity 
(93% for 250 μg and 86% for the 1-μg SST) to diagnose CAI, 
resulting in a reasonable positive likelihood ratio (9 and 
6, respectively) but a suboptimal negative likelihood ratio 
(0.4 and 0.2, respectively). Therefore, SST is more helpful 
in ruling in the condition when positive (to confirm CAI 
in patients with inadequate cortisol response to ACTH), 
rather than to rule out when negative (to exclude CAI in 
patients with negative tests, considered as normal cortisol 
response to ACTH) [9]. Therefore, also the second meta-
analysis confirmed that it is mandatory to consider the 
pretest probability of CAI before prescribing an SST.

To conclude, there is no general consensus regarding 
which SST is superior because contrasting data are avail-
able [52, 54–56, 58–61], the results of the first and second 
meta-analyses are discordant [9, 40] and finally the recent 
guidelines do not suggest which SST to use (1 or 250 μg) 
[10]. In our clinical practice, we use the 1-μg SST (to reduce 
false-negative results) combined with the clinical history 
of the patient (to rule out CAI in case of suboptimal corti-
sol response).

How should SST be prepared and 
performed?
During the 250-μg SST, cortisol levels are obtained at base-
line (in the morning between 8:00 and 9:00 a.m.) and after 
ACTH injection (most commonly at 30 or 60 min). Some 
authors found that 30 min is the maximum response for 
the low dose, and then cortisol levels started to decrease, 
whereas using the high-dose SST, there is still a little corti-
sol increase from 30 to 60 min, not only in healthy controls 
but also in patients with known impaired HPA axis [55].

The concentration of 250 μg is a ready-to-use formu-
lation (Synacthen® or Cortrosyn®); otherwise, 1 μg/mL is 
obtained by diluting a vial of ACTH (available in 250 μg/mL) 

in 249  mL of sterile saline physiological solution NaCl 
0.9% and then aspirating 1  mL of solution [23]. Another 
preparation is to extract 0.4  mL from a 1-mL vial of 250 
μg and add it to a 100-mL physiological solution, result-
ing in an ACTH concentration of 100 μg/100 mL, and then 
1 mL of this solution could be injected [56]. Some authors 
suggest to add all the 250-μg ampule to 49  mL of 0.9% 
saline, then adding 0.2 mL of these latter solution (5 μg/
mL) to 0.8 mL of 0.9% saline (obtaining 1 μg/mL) [62]. To 
conclude, up to 10 dilution methods for the 1-μg SST have 
been reported, resulting in dose variation (up to 0.8 μg) 
and so in false results, with potentially important clinical 
sequelae [50].

Another interesting, and crucial if unknown, issue 
of SST is the loss of ACTH through tubing. In 2010, Wade 
et  al. [63] measured the ACTH concentrations in both 
diluted and administered solutions, reporting that about 
25 cm of tubing was able to reduce the amount of injected 
ACTH of 22–59%.

To conclude, loss of ACTH during dilution (with dif-
ferent protocol adopted in different centers) or adminis-
tration might sharply reduce the cortisol response when 
1 μg of ACHT is used. In this scenario, a 1 μg vial is needed 
from the factory, and direct venous injection is suggested 
to reduce, at least in part, some bias connected to cortico-
tropin test.

How to manage indeterminate/
unreliable SST?
Because CAI is a life-threatening condition, both false-
negative and false-positive SST results are detrimental for 
the patients. Other tests have been used, or are currently 
used, as ITT, metyrapone test or glucagon test (summa-
rized in Table 2). Although the CRH test has a theoretical 
role to distinguish hypothalamic from pituitary disease, it 
is no longer recommended [3, 10].

ITT is considered the gold standard to diagnose 
CAI because the response of the HPA axis to hypoglyce-
mia (<2.2  mmol/L) constitutes an evidence of sufficient 
physiological stress to provoke ACTH release, not only in 
case of surgical stress [3, 4, 10]. ITT could be used also to 
assess the integrity of somatotroph function; however, 
other tests are suggested to diagnose GH deficiency [64, 
65]. As SST, it is unnecessary to perform an ITT in subjects 
with low morning cortisol levels. Insulin and glucagon 
tests could be performed in acute setting, early after sus-
pected HPA axis injury, when the knowledge of the neces-
sity for GC replacement therapy is paramount. Despite the 
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risks correlated to hypoglycemia, the main limitations of 
the ITT are that it requires the supervision of physicians 
or nurses and it is contraindicated in the elderly or in 
those individuals with seizures or cardiocerebrovascular 
disease.

Overnight metyrapone test is considered conveni-
ent and sensitive, compared with the ITT; the diagnostic 
accuracy of this test is related to an increase in 11-deoxy-
cortisol levels >200–260  nmol/L [55, 62]. Metyrapone is 
administered orally 30 mg/kg before sleeping, and blood 
is sampled the following morning for 11-deoxycortisol and 
ACTH. When directly compared with SST, some authors 
reported that metyrapone test presented an increased [62] 
or similar [55] sensitivity to diagnose CAI. Nevertheless, 
metyrapone is not available worldwide (i.e. in the US), 
and metyrapone test is not mentioned in the Endocrine 
Society’s guidelines for hypopituitarism [10]. Further 
studies are needed to assess its role in the diagnostic flow-
chart of CAI.

GC replacement therapy in CAI
A careful cost–benefit analysis is suggested in the era of 
personalized medicine because a combination of various 
treatment (especially surgery and radiotherapy) could 
increase the risk of hypopituitarism and CAI-related mor-
tality [22, 23, 66–69].

Patients with CAI require lifelong GC replacement 
therapy, whose primary aim is to replicate as much as pos-
sible the circadian cortisol rhythm [3, 11–13]. Substitutive 
therapy in adrenal insufficiency should be able to provide 
an appropriate amount of cortisol at the appropriate time: 
one of the major drawbacks related to currently available 
oral GC formulations is their lack of ability to properly 
replicate the physiologic cortisol circadian rhythm. There-
fore, well-being is often not fully restored in all patients, 
and life expectancy may even be reduced [12, 70].

Recently, it has been established that the daily cor-
tisol production rate ranges between 5 and 10  mg/m2 of 
body surface area [71], which is lower than that previously 
considered. Traditionally, the daily HC dose was 30 mg/
day, split into two or three doses (with the highest in the 
morning); given the recent discovery of lower levels of 
cortisol production rates, the “traditional 30  mg of HC” 
was supraphysiological [70]. Moreover, higher doses 
of HC replacement therapy (>25  mg/day) are related to 
increased mortality in patients with acromegaly, espe-
cially for cardiovascular disease (up to 44% mortality 
if HC therapy was >30  mg/day) [69]. Also, patients with 

non-functioning pituitary adenoma that developed CAI 
presented increased mortality if receiving >20 mg/day of 
HC [28]. All synthetic compounds could be used to treat 
adrenal insufficiency, but in clinical practice, short half-
life GCs [HC and cortisone acetate (CA)] are preferred than 
those with longer half-life (as prednisolone, usually given 
as a single morning dose of 3–5  mg [72], or dexametha-
sone 0.375–0.5  mg, preferred in adults with congenital 
adrenal hyperplasia [73]).

Filipsson et al. [74] have described, in a large series of 
more than 1500 patients with ACTH deficiency, an adverse 
metabolic profile in patients taking higher doses of GCs, 
with increased total cholesterol, triglycerides, waist cir-
cumference and glycosylated hemoglobin compared with 
the ACTH-sufficient patients. Intriguingly, those subjects 
who had HC-equivalent doses <20 mg/day did not differ in 
metabolic end points compared with the ACTH-sufficient 
patients. Moreover, they observed that patients receiv-
ing HC were at high risk to develop an adverse metabolic 
profile (especially regarding glucose metabolism) than 
those using CA.

After the synthesis of cortisone in 1950 [70], the treat-
ment regimens remained almost unchanged: the short 
elimination half-life of HC (approximately 1.5  h) when 
given in traditional immediate-release preparations twice 
or thrice daily leads, however, to high peaks with low 
trough values in between. More than 1200 patients with 
adrenal insufficiency (11% with CAI) reported in a web-
based survey that there is the need for improvement in the 
daily management of adrenal insufficiency because the 
negative impact of their treatment on subjective health 
was consistent [75].

Recently, novel HC preparations (dual-release HC) 
have been developed, allowing a cortisol serum profile 
closer to circadian secretion, improving the treatment of 
patients with CAI [76–79]. In PAI, dual-release HC is able 
to ameliorate glucose metabolism, to improve cardio-
vascular risk factors (especially weight, waist circumfer-
ence, blood pressure and cholesterol levels) [76, 78] and 
to reduce recurrent infections [80]. On the contrary, there 
really are too few data in CAI to recommend the use of 
dual-release HC to improve metabolic parameters.

Management of therapy adequacy
In clinical practice, achieving the correct replacement 
dose is a challenge, especially to identify the lowest GC 
dose that relieves symptoms of insufficiency, while avoid-
ing cortisol excess.
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Several authors proposed serum, salivary or urinary 
biomarkers, but none has been extensively studied. 
Mah et  al. [81] suggested a normative graph to evalu-
ate the replacement therapy. Considering the nomo-
gram, one sample of serum cortisol 2.5–5 h after the first 
administration of GC therapy compared with reference 
percentiles should be used for individual adjustment. 
Nevertheless, this protocol requires blood sample col-
lection and could be inconvenient to manage for both 
outpatients and physicians; moreover, it has been used 
only in the original 20 patients of the cohort and not rep-
licated by other groups.

In 2012, we described that multiple saliva collections 
could be used to measure salivary cortisol and to compute 
area under the curve (to assess daily GC exposure), in a 
small group of patients with CAI treated with CA. Multiple 
saliva sampling, a convenient easy-to-manage and stress-
free tool for outpatients, could pave the way to a future 
application of salivary cortisol assays for assessing the 
adequacy of replacement therapy because samples could 
be performed before and after GC dose [47, 82]. Recently, 
we reported, in a proof-of-concept prospective study, that 
the reduction of GC treatment (assessed with daily sali-
vary cortisol) resulted in a better replication of circadian 
cortisol rhythm and in an improvement of diastolic blood 
pressure [83].

Urinary free cortisol excretion fails to detect daily 
fluctuations of cortisol (secondary to treatment) and 
suffers of a marked day-to-day variability depending on 
renal function [11, 84]. A clinical score was proposed by 
Arlt et al. [85], but subsequent studies did not support the 
superiority of this qualitative system over quantitative 
methods.

Controversies and areas of 
uncertainty
The long-term natural history of patients with pituitary 
disease and the risk to develop CAI during the follow-
up are still unknown, as well as reliable biomarkers to 
assess the adequacy of substitutive GC therapy. There-
fore, efforts should be considered to answer the follow-
ing questions:

 – The choice between standard (250 μg) or low (1 μg) 
SST in CAI is still uncertain, despite several case-con-
trol studies and two meta-analyses.

 – How to manage patients with low/normal cortisol lev-
els and inadequate response to SST. Obviously, the 
proposed thresholds are based on the meta-analyses 

of well-designed studies and considering ITT as gold 
standard for AI diagnosis; nevertheless, for those 
patients with an intermediate morning serum corti-
sol measurement (200 nmol/L) and suboptimal peak 
after SST (i.e. 350  nmol/L) or for whom observation 
is not appropriate, other diagnostic tools should be 
performed.

 – The impact in mimicking the physiological circadian 
cortisol profile by dual-release HC formulations has to 
be further investigated in patients with CAI, as well 
as the close relationship among cortisol substitutive 
therapy and other treatments (in order of replacement 
levothyroxine, estrogens and growth hormone).

 – How to assess the adequacy of cortisol treatment is 
a critical issue because several clinical or biochemi-
cal markers have been proposed and none has been 
shown to be superior in routine clinical practice.

Conclusions
A functional HPA axis is essential for normal health and 
life expectancy. Therefore, CAI is a life-threatening dis-
order associated with increased morbidity and mortality: 
correct diagnosis and treatment are crucial for well-being 
and lifesaving.

The milestones of CAI are not only the measure-
ments of basal serum cortisol and dynamic tests: the 
medical history is crucial because the diagnostic accu-
racy biochemical of tests is not definitely reliable in all 
patients. Nevertheless, SST is one of the most used, at 
least 6–8 weeks after surgery, because cortisol response is 
blunted in chronic ACTH deficiency.

The management of therapy adequacy needs a 
careful evaluation because both excessive and insuf-
ficient treatments are correlated to increased morbidity 
and mortality.
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