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Abstract

Cushing’s syndrome is an endocrine disorder broadly renowned as a diagnostic challenge. From the initial clinical
presentation up to the identification of the underlying etiology, it is necessary to adhere to a logical and stratified
plan of action, directed to the correlation of signs and symptoms to the physiopathology of the syndrome, in order
to accurately establish a diagnosis and adequate treatment. From stages as early as the patient’s first clinical
evaluation, the physician should be specially attentive of a constellation of clinical signs which strongly suggest
the diagnosis of Cushing’s syndrome, such as the presence of a “moon face”, a “buffalo hump”, cutaneous atrophy,
proximal muscle weakness and purplish cutaneous striae, among others. Based off these findings, laboratory
analyses are necessary for the detection of hypercortisolism. According to these results, and if physiologic causes
are ruled out, pathologic hypercortisolism is confirmed. Lastly, a complex array of diagnostic tests must be
navigated to identify the primary origin of the disorder. Thus, the diagnosis of Cushing’s syndrome requires a
logically structured algorithm of action, constructed off its pathophysiologic implications, in order to optimize
time, resources and the interdisciplinary workgroup required for its consecution, and offer patients the possibility
of a better quality of life. It is also important to highlight the need for a stratified approach in patients with
metabolic disturbance given that medical professionals may simply treat the patient for obesity not recognizing the
presence of the complicating condition Cushing’s syndrome.
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1. Introduction

Cushing’s syndrome (CS) is an aggregation of signs and symptoms resultant from prolonged exposition to
inappropriately elevated levels of serum glucocorticoids (Pivonello, De Matino, De Leo, Lombardi, & Colao,
2008). Although the most frequent cause is the exogenous administration of pharmacologic preparations of these
hormones, the endogenous aetiology of CS is often undervalued (Makras, Toloumis, Papadogias, Kaltsas, &
Besser, 2006). Currently, the incidence of CS is estimated at 2—5 cases per million inhabitants per year, and it is 3—
8 times more frequent in women than in men (Karmath & Babatunde, 2008). The age of diagnosis varies
depending on the underlying aetiology, while Cushing’s Disease (CD) prevails fundamentally in women aged 25—
45 years, ectopic Adrenocorticotropic hormone (ACTH) secretion syndromes dominate the demography beyond
50 years of age.

On the other hand, ACTH-Independent varieties of CS significantly rise in incidence starting at 40 years of age.
Among children, 50% of cases of CS are due to adrenal carcinoma, followed in incidence by CD. Cases of CS
during pregnancy are exceptional and are often ACTH-Independent presentations, particularly in the form of
adrenal adenoma (Lahera-Vargas & da Costa, 2009).

Nevertheless, these figures are presumed to be much higher at the expense of a significant number of CS
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presentations with few clinical manifestations, which are usually ignored or managed as other unique pathologies,
particularly Type 2 Diabetes Mellitus (T2DM) (Murakami et al., 2010) or polycystic ovary syndrome (Fegan et al.,
2007). Furthermore, subclinical cases of CS, characterised by the incidental discovery of adrenal masses in the
absence of clinically suggestive findings, often remain undiagnosed and contribute to the inexactitude of the
previously cited prevalence estimations (Terzolo, Pia, & Reimondo, 2012).

Moreover, the diagnostic management of CS represents a challenge for clinicians, not only due to the ubiquity of
its clinical manifestations but also because of the complex decision-making required regarding the ample
catalogue of tests which may be performed. Clinical expressions of CS include elements that are common reasons
for consultation of other pathologies, such as hirsutism and menstrual disruptions in women (Master-Hunter &
Heiman, 2006), neuropsychiatric symptoms of the affective spectrum (Belmaker & Agam, 2008), and especially
weight gain (Baid et al., 2009). Likewise, cardiovascular risk factors such as obesity, dyslipidemia, arterial
hypertension, dysglycemia and insulin resistance may also be part of CS and heighten the risk of aggregate
morbidities through its association with prothrombotic and proinflammatory states (Arnaldi, Mancini, Polenta, &
Boscaro, 2004). Indeed, cardiovascular disease represents the first cause of mortality in patients with CS, followed
by poorly-controlled diabetes mellitus and complicated opportunistic infections (Clayton, Raskauskiene, Reulen,
& Jones, 2011); risk for these comorbidities is especially alarming in patients with CS since they display a doubled
risk of all-cause mortality (Clayton, 2010).

In effect, CS predisposes to the development of several pathologies that represent a heavy burden on worldwide
public health systems (Abegunde & Anderson, 2006), particularly cardiovascular disease, which is considered an
international epidemic (Vartiainen, 2008) and represents the first cause of morbidity and mortality not only
globally (World Health Organization [WHO], 2010) but also in Latin America (Ministerio del Poder Popular para
la Salud de Venezuela [MPPS], 2009). Thus, the establishment of a diagnostic protocol for this syndrome becomes
a valuable tool for health professionals, as it directs to the accurate detection of all cases, optimising time and
resources, and contributing to the opportune rehabilitation of affected patients.

2. General Aspects

The first clinical description of what it is known nowadays as CS was published by neurosurgeon Harvey
Cushing in 1913, titled “The pituitary body and its disorders” (Cushing, 1913), where he proposes adrenal
hyperfunction caused by a basophilic hypophyseal tumour to be the pathophysiological basis of this clinical
picture, based on observations made in humans and dogs. Afterwards in 1932, Bishop and Close first denominate
the previously described clinical impression as “Cushing’s Syndrome” after its original reporter (Bishop & Close,
1932). Finally, in 1944, Fuller Albright identifies adrenal hyperfunction as the component common to all
presentations of CS and redefines the aggregate presence of basophilic hypophyseal tumours as “Cushing’s
Disease” (Albright, 1944).

In CS, overactivity of the Hypothalamus-Hypophysis-Adrenal axis (HHAA) is the mainstay pathophysiologic
feature. In the hypothalamus, this axis is represented by the parvocellular population of the paraventricular nucleus,
which secretes Corticotropin-releasing Hormone (CRH) in response to “stressor” stimuli, particularly extreme
temperatures, hypoglycemia (Denver, 2009) and psychogenic distress (Aron, 2005). Proinflammatory cytokines
such as IL-1, IL-2, IL-6, TNF and IFN-y also favour the secretion of CRH (Slominski, Wortsman, Luger, Paus, &
Solomon, 2000). This hormone, a polypeptide of 41 amino acids, stimulates the secretion of corticotropin or
Adrenocorticotropic (ACTH) in corticotropic cells of the adenohypophysis (Denver, 2009).

ACTH, a 39-amino acids polypeptide, is a proteolytic product of its proteic precursor, pro- opiomelanocortin
(POMC) (Beuschlein & Hammer, 2002). A diversity of proteolytic patterns for POMC gives way to a plurality of
products, including various melanocyte-stimulating hormone, lipotropins and endorphins; some of which
participate in the development of CS (Oliver, Davis, & White, 2003). ACTH induces corticosteroid synthesis,
mainly cortisol, in the adrenal cortex, particularly in the fascicular zone (Nishimoto et al., 2010). In turn, cortisol
completes the functional structure of the HHAA through negative feedback, by inhibiting the secretion of CRH and
ACTH in the hypothalamus and adenohypophysis, respectively (Faghih, Savla, Dahleh, & Brown, 2011). This key
element allows the system to maintain hormonal serum concentrations under strict control. However,
hyperfunction at any of these points leads to abnormally elevated glucocorticoid levels, which is the
pathophysiologic principle of CS.

This description is a simplistic view of the phenomena implied in CS. Nonetheless, the discovery of an abundance
of distinct potential etiologies leading to CS has expanded Albright’s initial classification into the current
pathophysiologic categorisation, where the participation of ACTH is the pivotal discriminating criterion (Table 1)
(Boscaro & Arnaldi, 2009). Most cases of CS represent ACTH-Dependent profiles, where the hypersecretion of
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this hormone or CRH by hypophyseal or ectopic tumours leads to adrenal hyperfunction, resulting in
hypercortisolism. Conversely, the minority of cases represent ACTH-Independent profiles, where the adrenal
cortex releases inappropriately high levels of cortisol, free from any effective hypothalamic-hypophyseal
regulation. Additionally, both profiles may be found in the cyclic variant of CS, where due to as of yet unknown
reasons, patients exhibit intermittent hypercortisolemia patterns and normal plasma cortisol levels (Velez,
Mayberg, & Ludlam, 2007). Pseudo-Cushing’s states have also been described; where hypercortisolemia exists in
the absence of tissue alterations within the components of the HHAA, these may often be associated to
exacerbations of the physiologic stimuli for glucocorticoid secretion, or be idiopathic (Arnaldi et al., 2009; Chabre,
2018).

Table 1. Causes of Cushing’s syndome

DIAGNOSIS PrevalencE FEMALE:MALE RATIO
ACTH-Dependent

Cushing’s Disease 65 % 3-5:0-1

Ectopic ACTH secretion 7% 1:1

Ectopic CRH secretion <1% 1:1

ACTH-Independent

Adrenal adenoma 18% 4:1

Adrenal carcinoma 6% 1:1

AIMAH? 3% 1:1

PPNAD" 1% 1:1

Causes of Cushing’s syndrome (n=423);
a ACTH-Independent macronodular adrenal hyperplasia;

b Primary pigmented nodular adrenocortical disease.

3. Diagnostic Protocol

The diagnostic algorithm for CS entails two phases: an initial stage aimed at evidencing elevated cortisol levels
(Figure 1); and a subsequent stage targeted to the identification of the specific cause of the endogenous
hypercortisolism, based in the differentiation of pathophysiologic profiles: ACTH-Dependent CS vs ACTH
Independent CS (Figure 2) (Lila et al., 2011).
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Figure 1. First phase of the diagnosis of Cushing’s Syndrome: Identification and confirmation
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Figure 2. Second phase of the diagnosis of Cushing’s Syndrome: Differentiation and specification.

3.1 First Phase of Cushing s Syndrome Diagnosis: Identification and Confirmation
3.1.1 Identification of Candidates for the Screening of Cushing’s Syndrome
In the context of primary medical attention, an early clinical suspicion is crucial to the diagnosis of CS, as well as
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an exhaustive inquiry into the subject’s history of drug use, to rule out the use of exogenous glucocorticoids
(Hopkins & Leinung, 2005). The clinical signs and symptoms of CS are numerous and based on their relative
prevalence in the general population, they may be classified as manifestations with higher or lower discriminatory
power for the detection of CS (Table 2), manifestations with low prevalence in the general populations but high
prevalence in CS patients are considered highly discriminatory, and vice-versa (Nieman et al., 2008). Particular
attention should be paid to criteria such as arterial hypertension and obesity, which are associated with more
significant mortality (Giordano et al., 2011); and the presence of osteoporosis in patients younger than 65 years of
age, which is very suggestive of CS (Newell-Price, 2009).

Table 2. Clinical manifestations with higher and lower discriminatory power for the diagnosis of Cushing’s
Syndrome

Manifestatons with
higher discriminatory = Manifestations with lower discriminatory power

Reference Sample power
ASSOCIATED
SIGNS PCOS SYMPTOMS  PCOS SIGNS PCOS PCOS
CONDITIONS
“Moon  face” Menstrual Central Arterial
entra eria
and “buffalo  89% cycle 69% . 97% . 76%
hump” alterations obesity hypertension
Affective
Easy bruising 75% psychiatric 55% Acne 56% T2DM 70%
symptoms
Boscaro and Arnaldi 423 R
. Polydipsia/po L
(29) adults Facial plethora 70% Ivuri 10% Hirsutism 56% PCOS 69%
yuria
Proximal
muscle 68% Edema 15% Osteoporosis 40%
weakness
Purplish  skin Opportunistic
64% 8%
striae ’ infections ’
Ski
Cognitive " . .
dvsfunction 22% hyperpigm  19% Hypokalemia 71%
ys .
Ilias, Torpy et al. entation
90 adults .
(65) Diminished
. 24%
libido
Insomnia 29%
Faggiano, Pivonello o
24 adults Renal lithiasis 50%

etal. (97)

T2DM: Type 2 Diabetes Mellitus; PCOS: Polycystic Ovary Sydrome.

The clinical picture of CS is widely variable, but it offers vital clues that may orient clinicians towards the etiologic
diagnosis at very early stages of the diagnostic protocol. Cutaneous hyperpigmentation is unique to
ACTH-dependent variants, and it is more severe in ectopic ACTH secretion syndromes (Paus, 2011), as are
hypokalemia and arterial hypertension (Fernandez-Rodriguez et al., 2008). On the other hand, bone degeneration,
hirsutism and diminished libido are more prominent in ACTH-Independent presentations. Besides, when CS is
caused by adrenal carcinoma or paraneoplastic syndromes in ACTH-Dependent variants, clinical manifestations
relative to the neoplasia, particularly weight loss, may often mask the expressions of CS (Newell-Price, Bertagna,
Grossman, & Nieman, 2006).

Screening for CS is recommended in patients who present any combination of the signs above and symptoms,
especially those with higher discriminatory power; as well as in individuals with adrenal incidentalomas (Zeiger et
al., 2009; Lee et al., 2017). Although up to 2% of cases of T2DM may be a consequence of CS, the screening for
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hypercortisolemia is not indicated for all diabetic patients, unless other features of CS are present (Catargi,
Rigalleau, & Poussin, 2003).

3.1.2 Confirmation of Endogenous Hypercortisolism

Once a suspicious case has been identified, three distinct tests may be recommended based on their high sensitivity
and specificity: Quantification of daily Urinary Free Cortisol (24h-UFC), Late-Night Salivary Cortisol (LN-SC)
and/or the Low-Dose Dexamethasone Suppression Test (LDDST). Although the gold standard is LN-SC, any one
of these tests may be performed, and a positive result in any of them confirms hypercortisolism. If a negative result
is seen in patients with a severe clinical picture highly suggestive of CS, the chosen test should be repeated or
complemented with any of the other two tests (Tsagarakis, Vassiliadi, & Thalassinos, 2006). The sensitivity and
specificity of tests used in the diagnosis of CS are summarized in Table 3 (De Castro & Moreira, 2007).

Table 3. Screening tests for Cushing’s Syndrome: diagnostic criteria, sensitivity and specificity for each test

Screening test Criteria Sensitivity Specifity
Daily Urinary Free Cortisol 3-fold basal values* 90-98% 45-95%
LDDST w/4 mg DEX in 24 hours < 1.8 pg/dL 91-97% 87-94%
LDDST w/1 mg DEX overnight < 1.8 ug/dL 92-100% 92-100%
Late-Night Salivary Cortisol <250 ng/dL 90-96% 96-100%
DEX-Suppressed CRH Test < 1.4 pg/dL 100% 67-100%
Late-Night Serum Cortisol (Sleep) < 1.8 pg/dL 93-100% 20-26%
Late-Night Serum Cortisol (Awake) <7.5 pg/dL 96-100% 88-100%

*Daily Urinary Free Cortisol normal range: <80-120 pg/24 h or <220-330 mmol/24 h (Radioimmunoassay);
<50 pg/24 h or <138 nmol/24 h (High Performance Liquid Chromatography).
LDDST: Low-Dose Dexamethasone Suppression Test; DEX: Dexamethasone; CRH: Cortictropin-Releasing Hormone.

3.1.2.1 Daily Urinary Free Cortisol (24h-UFC)

This test allows the assessment of the fraction of serum cortisol that is filtrated in the kidneys and excreted in urine
over a day, regardless of the normal fluctuations of its serum concentrations within a day. Specifically, this test
does not quantify any part of the 90% of total cortisol which is usually bound to transporter plasmatic proteins, but
only the fraction that is filtrated in kidneys from the remaining 10% of total cortisol, which is not protein-bound
(Kola & Grossman, 2005).

Sample recollection begins with the second micturition of the day, and all subsequent urinations must be collected
throughout the day. The final recollection should be the first micturition of the second day. Results from this test
are widely variable due to the complex interactions between cortisol and its plasmatic transporter proteins, from
which it may be readily displaced by other steroidal hormones and various drugs and clinical conditions (Figure 3)
(34). Therefore, hypercortisolism is only confirmed if figures 3-4 times higher than the superior reference values
are obtained in at least 2 determinations (Findling & Raff, 2005). This test must be accompanied by renal
functionalism tests, primarily total urinary volume and urinary creatinine. False positive results may arise due to
cross-reactivity with cortisol metabolites in commercially available assays; or under conditions such as pregnancy,
alcoholism and hypervolemia (Sakihara et al., 2010).
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Drugs that may falsely elevate cortisol levels

Mechanism Drug Disease or clinical condition Reference
Increase in synthesis Estrogens Hormonal Replacement (Edwards & Mills, 2008)
of Corticosteroid- Therapy / Contraceptives
Bmd(](l:l%g;mem Mitotane Adrenocortical carcinoma (Nader, et al., 2006)
Morphine Cancer / Pain (Nock, Wich & Cicero, 1997)
Carbamazepine  Seizures / Neuropathic pain  (Tiong & Falhammar, 2009)
Displace cortisol from
CBG binding site. Digoxin Chronic Heart Failure + Malkras, Toloumis,
h atrial fibrillation Papadogias, Kaltsas &
Besser. 2006)
Fenofibrate High tryglicerides levels (Meikle, et al., 2003)

Drugs that modify glucocorticoid metabolism

Carbamazepine  Seizures / Neuropathic pain (Ma, et al,, 2005)
Clotrimazole Fungal infection (Luo, et al., 2002)
Ethosuximide Absence Seizures Sarver, Bachmarnn, Zhu &
Klis, 1998)
Accelerate DEX
metabolism Phenobarbital Seizures (Maronpot, etal., 2010)
CYP3A4 inducti . .
( induction) Phenytoin Seizures (Rilegg, 2002)
Pioglytazone Type 2 diabetes mellitus (Ripp, er al., 2006)
Primidone Seizures {Peruceca, 2006)
Rifapentine Tuberculosis Rae, Johnson, Lippman &
Flockhart, 2001)
Rifampin Tuberculosis and others Rae, Johnson, Lippman &
infections Flockhart, 2001)
Verapamil Coronary ischemic disease (Fahmi, et al., 2001)
Supraventricular tachycardia
Migraine prophylaxis
Aprepitant Dhemotherapy-induced (De Jonge, et al, 2005)
nausea and vomiting
Decelerate DEX Cimetidine Peptic ulcer disease (Scheinfeld, 2003)
metabolism Diltiazem Coronary ischemic disease (Jones, et al., 1999)
(CYP3A4 inhibition) Migraine prophylaxis
Fluoxetine Depression and other mental (Hemeryck & Belpaire,
disease 2002)
Itraconazole Fungal infection (Isoherranen, Kunze,, Allen,
Nelson &, Thummel, 2004)
Nefazodone Depression (DeVane, et al., 2004)
Ritonavir Human Inmunodeficiency (Zeldin & Petruschke, 2004)

Virus infection

CBG=Corticosteroid-Binding Globulin; DEX=Dexamethsaone.

Figure 3. Drugs that interfere with tests performed for the diagnosis of Cushing’s Syndrome

3.1.2.2 Low-Dose Dexamethasone Suppression Test (LDDST)

This procedure evaluates the adequate functioning of the feedback mechanisms in the HHAA by interfering with
the exogenous oral administration of dexamethasone. If cortisol secretion is lowered, the functional integrity of the
HHAA is corroborated; whereas serum cortisol concentrations >1.8 pg/dl following dexamethasone
administration reflect the dysregulation of the HHAA and suggest CS (Esfahanian & Kazemi, 2010).

LDDST can be carried out in two different manners: 4 mg of dexamethasone may be administrated in equal
fractions throughout 24 hours, or 1 mg may be given at night between 11-12 pm. In both cases, serum cortisol is
measured the following morning, between 8-9 am (Vilar et al., 2007). The second method is more broadly
recommended because it is more easily accomplished and renders a better cost-benefit profile (Findling, Raff &
Aron, 2004). Similarly to 24h-UFC, this procedure is susceptible to returning false positives under the same
altering factors, but it is more thoroughly distorted by the consumption of drugs that induce dexamethasone
metabolism (Figure 3) (Klose et al., 2009).
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3.1.2.3 Late-Night Salivary Cortisol (LN-SaC)

The principle of this test is to demonstrate alterations in the circadian cycle of cortisol secretion, normally serum
cortisol and ACTH levels reach their peak in the morning, around 9 am; and their nadir during the night, around 11

pm. Therefore, elevated cortisol levels in this point are evidence of circadian dysregulation of the HHAA
(Dickmeis, 2009). Although the cut-off point for CS change according to each particular assay, LN-SaC values

>250 ng/dl are universally regarded as diagnostic (Vilar et al., 2007). Sample-taking may be directly realised in test
tubes or by chewing cotton pieces which must be centrifuged afterwards (Lavalle-Gonzalez et al., 2011). This test
requires at least two determinations, and it may be falsely elevated due to haemorrhages or lesions in the oral cavity,
or stress due to wakefulness at late night (Kalman & Grahn, 2004).

3.1.3. Exclusion of Physiological Causes of Hypercortisolism

If the previous procedures confirm hypercortisolism, the exclusion of its physiological causes is recommended
(Table 4), as they may be conditioning chronic hypersecretion of this hormone in the absence of histologic
alterations within the components of the HHAA (Nieman et al., 2008). A detailed examination of the
psychobiological habits and mental state of studied patients may be particularly revealing in this respect, with
alcoholism (Besemer, Pereira, & Smit, 2011) and depressive states (Carroll et al., 2007) being the most frequent
causes.

Table 4. Conditions associated with physiologic hypercortisolism

Very high risk of hypercortisolism High risk of hypercortisolism
Pregnancy Physical or psychologic stress
Depression and other psychiatric illnesses Malnutrition

Alcoholism Chronic intense exercise
Obesity

Poorly controlled diabetes mellitus

3.1.4 Confirmation of Pathological Hypercortisolism

If physiological causes of hypercortisolism can be excluded, the result from the chosen test in the first step must be
complemented with at least two other tests, of which outcomes should be assessed by an endocrinologist. The
general recommendation is to complete the initial test triad (24h-UFC, LDDST, and LN-SaC), but additional
alternatives are available for certain specific populations (Elamin et al., 2008):

3.1.4.1 Dexamethasone-Suppressed Corticotropin-Releasing Hormone Test (DS-CRHT)

This procedure is suitable in patients where 24h-UFC or LN-SaC tests return conflictive results. However, several
studies question its usefulness over simple LDDST (Albiger, Scaroni, & Mantero, 2007). This test entails the oral
administration of 0.5 mg of dexamethasone every 6 hours over 48 hours, and then 1 pg/kg of intravenous CRH 2
hours after the final doses of dexamethasone. Serum cortisol is measured 15 minutes later: Levels >1.4 pg/dl
suggest CS. Its sensitivity and specificity may be altered by the same factors that disturb LDDST results (Gatta et
al., 2007).

3.1.4.2 Late-Night Serum Cortisol (LN-SeC)

This test is recommended in patients who arise a clinical suspicion of CS, but return normal results in 24h-UFC
and LDDST. Cortisol is measured between 11-12 pm; this requires overnight hospitalisation and sample taking
during sleep, which requires trained personnel; therefore, its indication is restricted. Patients must remain in a calm
environment, fasting and at absolute rest starting at least 2 hours before the first sample is extracted. If samples are
planned to be taken during sleep, catheters should be inserted at least 1 hour before the sample is taken. Serum
cortisol levels >1.8 pg/dl during sleep or >7.5 pg/dl in wakefulness are suggestive of CS (Nieman et al., 2008).

If results from the initial procedures in Step 2 are concordant with those from Step 4, the diagnosis of CS is
established. Unharmonious results between these steps usually rule out CS, although a small proportion of these
cases may represent cyclic hypercortisolism, in which case the recommendation is to repeat all laboratory testing
to rule out potential analytical errors (Isidori et al., 2006).
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3.2 Second Phase of Cushing's Syndrome Diagnosis: Differentiation and Specification
3.2.1 Identify the underlying pathophysiologic profile: ACTH Dependence vs Independence

The distinction of the implied physiopathology is crucial for the selections of a therapeutic plan. Morning serum
ACTH determination (M-SACTH) around 9 am is a useful tool in the pathophysiologic characterisation of CS
(Findling & Raff, 2006). Elevated ACTH levels >20 pg/ml classify cases as ACTH-Dependent, whereas
concentrations <10 pg/ml categorise them as ACTH-Independent. Intermediate results between 6-14 pg/ml are
equivocal or suggest Pseudo-Cushing’s states or subclinical CS (Raff & Findling, 2003). If such values are
returned, the repetition of the test with added CRH stimulation (M-SACTH-CRH) is recommended. In this
procedure, results <30 pg/ml exclude the presence of ACTH-Dependent CS (Chiodini, 2011).

3.2.2 Identify the Specific Aetiology
3.2.2.1 ACTH-Dependent CS: Cushing’s Disease vs Ectopic CRH/ACTH Secretion Syndromes

Traditionally, the High-Dose Dexamethasone Suppression Test, Morning Serum ACTH with Desmopressin
Stimulation and M-SACTH-CRH were used in the differentiation between etiologies of ACTH-Dependent CS.
However, the pre-test probability for a hypophyseal origin to the case is >80% and up to >90% in women.
Therefore, since none of these tests reaches a specificity >90%, which is the pre-test probability for CD, the
continuity in its use is no longer justified (Deipolyi et al., 2012).

Thus, Nuclear Magnetic Resonance Imaging (MRI) of the sella turcica represents the next step in diagnosis, the
typical lesion in CD is a microadenoma (<10 mm in width) of lateral localization within the adenohypophysis,
which is hypointense in the T1 phase, and usually does not uptake contrast material (Ilias, et al., 2005).
Additionally, incidentalomas <5 mm found in the sella turca may be assumed as the probable cause of CS in
patients with suggestive clinical findings, representing a fortuitous shortcut in the diagnostic protocol
(Gutiérrez-Restrepo, Latorre-Sierra, & Campuzzano, 2009)

Nevertheless, in 30-50% of cases, no lesions may be visualised through MRI, rendering Computerized
Tomography (CT) of the neck, thorax, abdomen, and pelvis the next step in diagnosis (Shahani, Nudelman, Nalini,
Kim, & Samson, 2010) in search of ectopic CRH/ACTH secretion foci. If no tumours are discovered or symptoms
are inconclusive, Bilateral Inferior Petrosal Sinus Sampling (BIPSS) is indicated. Due to the risks associated with
its invasiveness, it is reserved for patients where no tumours have been found through the previous imaging
techniques (Bhansali et al., 2009).

This procedure involves the catheterisation of both petrosal sinuses, through which 10 pg of desmopressin or 1
png/kg of CRH are administered. Serum ACTH levels are determined from a peripheral vein and both sinuses five
times from each point: The first time 1 minute before the administration of desmopressin or CRH, a second time
simultaneous to the infusion, and then three successive times at 3, 5 and 10 minutes after the administration.
Central-peripheral ACTH ratios >3 suggest CD as they demonstrate a significantly higher secretion of
hypophyseal ACTH when compared to potential ectopic secretion foci in the rest of the organism. The incidence of
false negatives has been attributed to inexpert catheterisation, anomalous venous drainage, hypoplasia of the
venous sinuses and other anatomic variants. Also, BIPSS has been suggested for the determination of laterality of
adenomas within the hypophysis. A bisinusal ACTH ratio >1.4 for a given sinus indicates the ipsilateral presence
of a corticotropic hypophyseal microadenoma with 70-78% specificity (Utz & Biller, 2007). BIPSS is a procedure
that must be performed in specialized centers where there are a radiologist and neurosurgeon experienced in the
handling of potential complications associated to this procedure (venous sinus thrombosis, cranial nerve paralysis,
brainstem vascular damage) However, if BIPSS is performed correctly has a high sensitivity (> 95%) and
specificity for CD and diagnostic accuracy> 9 (Wagner-Bartak et al., 2017). If ectopic CRH/ACTH secretion
syndromes are suspected after BIPSS assessment, exhaustive imaging of all body cavities is required, including
MRI, CT and scintigraphy with octreotide to localise the ectopic source (Pelosof & Gerber, 2010).

The main nuclear tests used in CS diagnosis are octreotide scan, FDG positron emission tomography (PET), and
68Ga-somatostatin PET / CT receptor, which could detect up to 80% of tumours not identified with conventional
imaging techniques. The Octeotride scan or “Octreoscan” uses a somatostatin’s synthetic analogue to detect
neuroendocrine tumours secreting ectopic ACTH, among which, gastroenteropancreatic tumours, adrenal medulla,
bronchial carcinoids, among others. Pentetreotide is another molecule used as a conjugated
diethylenetriaminepentaacetic acid of octreotide, which is combined with '"'In. Likewise, somatostatin analogues
could be combined with ®®Ga for PET, which would offer a better pharmacokinetic and visualisation profile. A
recent systematic review comparing conventional imaging techniques with those of nuclear medicine in the
determination of ectopic Cushing syndrome, shows an improvement in diagnostic sensitivity after applying
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nuclear medicine techniques when the identification of the tumour is challenging, and both ''In-Pentetreotide
Scintigraphy and FDG-PET were useful, while ®*Ga-SSTR-PET / CT offers the highest sensitivity but the high cost
limit its use (Isidori, et al., 2015; Bansal, El Asmar, Selman, & Arafah, 2015).

Nonetheless, a single positive imaging study may represent a falsely positive result, whereas more than one
positive study confirms true findings. Hence, all three imaging techniques should always be performed in this
scenario (Pacak et al., 2004). Ectopic CRH/ACTH secretion foci are most frequently located within small cell
bronchogenic carcinomas, followed by pheochromocytomas, and thymus, pancreas and medullary thyroid
carcinomas (Ballay et al., 2012).

3.2.2.2. ACTH-Independent CS: Differentiation of Specific Etiologies

Imaging techniques are the cornerstone of the distinction of etiologies of ACTH-Independent CS. CT of adrenal
glands are often sufficient to accurately characterize lesion phenotypes as benign adenomas or malignant
carcinomas based on classical criteria, such as size (<6 cm or >6 cm, respectively), mass homogeneity and border
regularity. Moreover, areas of necrosis and haemorrhage are highly suggestive of malignancy (Arnold, Reed, &
Burt, 2003). Unenhanced attenuation values <10 HU are indicative of a benign lesion (Caoili et al., 2002); whereas
in contrast-enhanced scans, a cut-off point of 37.5% for relative percentage washout detects malignant lesions with
100% sensitivity and 95% specificity (Blake et al., 2006).

On the other hand, MRI may be used as a complementary test. Adenomatous lesions exhibit homogenous signal
intensity on all MRI pulse sequences, with relative isointensity to liver on T2-weighted images, with a signal
intensity index >20%. Meanwhile, adrenal carcinoma returns a heterogeneous signal, being hypointense on
T1-weighted MRI and hyperintense on T2-weighted images (Blake, Cronin, & Boland, 2010). Primary pigmented
nodular adrenocortical disease (PPNAD) is a congenital entity characterised by slight adrenal hypertrophy,
observable on CT, with the conservation of glandular architecture and nodules of 0.5-2 cm in width. Alterations are
always bilateral, and as an unusual analytical feature, patients often show a paradoxical rise in cortisol levels after
performing LDDST (Ganesh et al., 2008).

ACTH-Independent Macronodular Adrenal Hyperplasia (AIMAH) is also a congenital disease, where adrenal
tissue expresses illegitimate G protein-coupled receptors, including ectopic receptors for gastric inhibitory
polypeptide (GIP), luteinizing hormone (LH), human chorionic gonadotropin (h-CG), catecholamines and
serotonin. CT reveals adrenal hypertrophy and loss of its tissue configuration, as well as nodules of up to 5 cm in
width (Lacroix, 2009; Boente-Varela, Diaz-Pérez, & Miguel-Novoa, 2005). Furthermore, laboratory testing
protocols have been designed for the identification of the specific receptor and hormone implied in each case
(Louiset, 2008; Nieman, 2018).

4. Diagnosis of Cushing’s Syndrome in Special Populations
4.1 Pregnant Women

Albeit scarce, reports of CS in pregnant women have been documented (Kita, Sakalidou, Saratzis, loannis, &
Avramidis, 2007). This coexistence translates into a higher risk for maternal and fetal complications, including
gestational diabetes and hypertensive states, as well as prematurity, fetal death and abortion. Although the
physiology of the HHAA remains unaltered during the first trimester of pregnancy, it is modified throughout the
second and third trimesters. Serum cortisol concentrations are higher than in non-pregnancy during their late-night
nadir within their circadian rhythm of secretion. Likewise, dexamethasone suppression of the HHAA is diminished.
As a result, there is more probability for false positives in tests such as 24h-UFC and LDDST. Moreover, no
diagnostic cut-off points have been determined for LN-SaC or LN-SeC in pregnant women (Lindsay, Jonklaas,
Oldfield, & Nieman, 2005).

4.2 Childrens and Adolescents

Pediatric patients and CS are also infrequently associated. The mean age of presentation is 14.1 years, and it is
more often seen in male. In this case, the ACTH-Independent varieties are rare, and up to 80% of cases are due to
CD (Savage, Chan, Grossman, & Storr, 2008). Specific signs of CS are unique to pediatric patients, including
virilisation of genitalia in females, accelerated virilisation in males, early or delayed onset of puberty, and weight
gain with a deceleration of height gain. These manifestations generate a severe impact in the integral development
of affected children, since they are often not reversible, particularly concerning weight and height disturbances.
Although the diagnostic algorithm is similar, BIPSS is only recommended in exceptional cases due to the higher
risk of complications in these patients and the extremely low incidence of ectopic CRH/ACTH secretion
syndromes in this demography (Chan, Storr, Grossman, & Savage, 2007).

64



gjhs.ccsenet.org Global Journal of Health Science Vol. 11, No. 10; 2019

5. Therapeutic Principles in Cushings Syndrome

Surgery is the mainstay therapeutic alternative in most ACTH-Dependent presentations of CS, oriented to the
resection of the tumoral mass in question. This management offers a quick improvement of clinical manifestations,
with a recurrence risk of 5-10% in 5 years, and of 20% in 10 years after the procedure (Rizk, Honegger, Milian, &
Psaras, 2012). For recurrent or persistent cases of CD, after having exhausted surgical options, radiotherapy is a
well-established second-line treatment. Nevertheless, this option implies a longer period of latency until remission
of signs and symptoms, three years on average (Castinetti, Régis, Dufour, & Brue, 2010). The main complication
inherent to both treatments is hypopituitarism, with a risk of 8.7-53% for surgical resection and 50-60% for
radiotherapy (Biller et al., 2008). For ACTH-Independent CS cases, the most utilised treatment is bilateral
adrenalectomy, which offers immediate improvement of clinical manifestations. However, the obvious
disadvantage of this procedure is the subsequent permanent hypoadrenalism, which requires lifetime hormone
replacement therapy (Chow et al., 2008). Medical therapy plays a secondary role to the previous alternatives in the
management of CS, where it is used in severe cases of hypercortisolism to lower anaesthetic risk for a given
surgical procedure or to diminish clinical afflictions during the latency period for remission in radiotherapy
(Mancini, Porcelli & Giustina, 2010 and Hinojosa-Amaya, Cuevas-Ramos, & Fleseriu, 2019).

Drugs used in the medical management of CS can be classified in two categories: Adrenal enzyme inhibitors and
neuromodulators. The first group includes molecules such as ketoconazole, metyrapone, aminogluthetimide,
mitotane and etomidate, which act by blocking distinct steps of corticosteroid synthesis pathways in the adrenal
glands. Nonetheless, they boast extensive adverse effect profiles, mainly because they can block steroidogenesis
systemically, which translates into numerous endocrine disturbances (Gross, Mindea, Pick, Chandler, & Batjer,
2007). On the other hand, neuromodulators include dopaminergic agonists and somatostatin analogues, which act
by inhibiting ACTH secretion from the hypophysis. Although clashing evidence is documented regarding the
effectiveness of these drugs in the management of CS; pasireotide, a somatostatin analogue, has been recently
approved for the etiological treatment of CD in patients who are not suitable surgery candidates (Colao et al., 2012;
Cuevas-Ramos, Lim, & Fleseriu, 2016). Currently, clinical trials are being carried out to evaluate the effectiveness
of osilodrostat and levoketoconazole as inhibitors of steroidogenesis as more prominent objectives in
pharmacotherapy area (Feelders, Newell-Price, Pivonello, Nieman, Hofland, & Lacroix, 2019).

5. Recommendations

Due to the severe morbidity caused by CS and the drastic impoverishment it implies on the quality of life of
affected patients, the diagnosis must be timely and effectively (Vasquez et al., 2018; Acosta-Martinez, 2018).
Principal clinical manifestations such as “moon face”, “buffalo hump” and purplish skin striae deserve more
considerable attention from clinicians and should awake suspicion of CS. From that point, it is indispensable to
preserve a logical plan of action in diagnosis process (Figure 3); especially in the laboratory assessment phase to
successfully and efficiently ascertain the underlying cause of the disorder. This differential diagnosis requires a
thorough knowledge of adrenal physiology and pathology for the correct selection, application and interpretation
of all tests and procedures which may be necessary, which will, in turn, render satisfactory diagnostic results.

Identification of Determine

candidates for Lo Hypercortisolism Determine the
S, Hypercortisolism physiopathologic . h
Cushing’s iy L specific etiology
Diagnosis profile (ACTH- -
Syndrome (ACTH origin)
! s dependent or
diagnosis

independent)

Figure 4. Simplified diagnosis flowchart for Cushing’s Syndrome
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