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History of Presenting lliness

* 50-year-old female with a history of Hashimoto’s thyroiditis
- with hypothyroidism, primary ovarian insufficiency, and

| 0Steoporosis

* Referred for a second opinion of elevated cortisol

« Cortisol assessed as part of work up for a stable 3.4 x1.8 cm

adrenal mass which was discovered on abdominal CT for
appendicitis 3 years prior
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History of Presenting lliness

e Her main complaint is poor sleep
* Often awakens with palpitations and headaches

i- Thin (BMI 20) and has not gained any weight recently but
i does feel her face may look rounder in photos

* Recent muscle cramps related to pilates; no muscle
weakness

e Denies acne or hirsutism but may have some scalp hair loss
* Denies alcohol abuse or illicit drug use
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She only is able to sleep 5 hours at night. She wakes up in the middle of her sleep and is unable to go back to sleep. And is therefore very irritable in the morning
High levels of stress related to having a child with autusm 


Past Medical and Surgical History

e Hashimoto’s thyroiditis
e On Nature Thyroid

'* Primary Ovarian Failure
 Regular menstrual cycles until age 40 when menses ceased
 First pregnancy at age 37, able to achieve pregnancy on her own

. e Second pregnancy at age 40 was a result of egg donation after 3 failed Ul
attempts

'+ AMH was 0.02
i e FSH 82.2 at age 49
e She has not been on estrogen replacement

o Osteoporosis
e Diagnosed at age 48 (April 2017)
* Lumbar spine T-score -3.6, Femoral neck T-score -3.7, Hip T-score -2.7

e Was on forteo with only mild improvement in vertebral BMD so was switched
to tymlos but insurance would not cover

e Had lumbar fusion December 2017
* Not currently on any osteoporosis agents
* Work up also revealed hypercalciuria and she is on HCTZ
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Sugical history: C-sections x2
Appendectomy
Lumbar fusion

6 months after forteo spine BMD improved 6%, left total hip declined 3.3%


Medication

e Nature thyroid 32.5 mg * Ashwagandha
* Probiotics e Montelukast
- Cholecalciferol 10,000 e Flonase

' International units daily

= Calcium citrate 500 mg daily
e HCTZ 12.5 mg

* Rhodiola

 Nutrafol

e Licorice root powder
 Vitamin B complex




Family and Social History

Family History

e Mom
 Breast Cancer

. e Paternal Grandmother

e Breast Cancer

e Sister
e Hashimoto’s

e Nieces
e Hashimoto’s

Social History

e Lives with husband and
two daughters

 One of her children has
autism

e She drinks alcohol one to
two times per month



Physical Exam

e Vitals e Gl
¢ 108/71 mmHg * No striae
* 66 bpm * No central adiposity
- +165.1cm » No dorsocervical fat pad
| *20.4 kg/m? » No atrophy/thinning of upper or
e General lower extremities
e Thin lady * NOo edema
* Normal, non-rounded facies ¢ SKin
without plethora » No bruising
e CVS: S1+52, RRR * No acne
e Resp: CTA * No hirsutism or androgenic
alopecia




Imaging from Initial Work Up
« June 2017: Adrenal MRI

* The right adrenal mass is retrospectively stable in size measuring 3.4 x 1.8
cm. The
mass demonstrates loss of signal on the out of phase images relative to the in
phase images compatible with an adrenal adenoma. A small left adrenal

adenoma measuring 7 mm is stable. g -
k)
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Assess for pheo and Cushing’s syndrome.
+/- hyperaldo work up since blood pressure normal



Evaluation of an adrenal incidentaloma

Surgery after Dex suppression
>4 cm = | pheochromocytoma LN salivary cortisol
P
Size <: evaluation N UFC
<4 cm » malignant (consider DHEAS, ACTH)
< 20 HU. If clearly abnormal and

CI_'II',-‘MFP.tI ot myelolipoma symptomatic, surgery
characteristics FIU if large

-+ benign Urine catecholamines

i -

Plasma free metanephrine
If clearly abnormal, surgery

HDrTDnaI eval

If normal, follow-up @ 1 yr
-Exclude pheochromocytoma [ If hypertensive
-Exclude hypercortisolism Renin:Aldo |
-(no eval for aldosteronism) '
-Image for mass increase

(obtain at 6 mo if worrisome)

Surgery if abnormal

If normal, 1 additional F/U only

If >20, confirm with
other test then
Surgery

FIG. 1. Suggested evaluation of an incidentally found adrenal mass. Nieman LK et al. JCEM 2010

*, Surgery for large masses without a cause that requires resection,
e.g. tuberculosis. LN, Late-night; Aldo, aldosterone; Dex,
dexamethasone; F/U, follow-up; eval, evaluation; mo, months.
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As a reminder our patient had a 3.4 x 1.8 cm with loss of signal on the out of phase images relative to the in phase images compatible with an adrenal adenoma
.Hyperaldo: Spontaneous hypokalemia
•Undetectable PRA or PRC
•PAC ≥20 ng/dL (555 pmol/L)
Or saline infusion test, captopril challenge test


Labs from Initial Work Up (November

20 liggose 212 * Plasma metanephrines

|  HbAlc 5.5% e Metanephrine: 50
« BUN 11 (<57 pg/mL)
e Creatinine 0.65  Normetaneperhine 129 (<148
« Na 139 pg/mL) |
e K4 » Total metaneperhine 179 (<205
. Cl 103 pg/mL)
’ gg\)lglgrz 05 e Midnight Salivary Cortisol x2
e 25_.0OH vit D 43 e 0.16 (normal < 0.09 mcg/dl)
- TSH 0.945 *j0-13

* 1 mg Dexamethasone Suppression
Test
9 . ACTH 19 pg/mL

% e Cortisol 13.1 mcg/dL
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Serums glucose 90s-200s


Possible Interpretation

* Evidence for hypercortisolemia on labs but ? no features consistent with
Cushing's syndrome

i- If adrenal source of hypercortisolemia would expect a suppressed ACTH level

l» Biotin supplements can increase cortisol levels and patient is on biotin from
' nutrafol hair supplements
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Biotin may decrease ACTH



Further work up

 Biotin held for 2 weeks

* 1 mg dexamethasone suppression test repeated
« ACTH 20 pg/mL

e Cortisol 9.8 mcg/dL

 Dexamethasone level 109 ng/dL (normal after overnight suppression test 180-
950 ng/dL)




Pituitary MRI

* No pituitary lesions or enlargement

!
|
|
|
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Move to other s



Further Thoughts

* Low dexamethasone level suggest that she may be a somewhat fast
. metabolizer but clearly took medication and despite that her ACTH

. and cortisol levels are higher than expected given dexamethasone

' level

o Depression screening negative but high levels of stress and very poor
. sleep so does she have pseudo-Cushing’s?

* Does she have glucocorticoid resistance?
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Normal <0.09



Findling, J et al. European
Journal of Endocrinology 2017.
176(5) R205-R216

Non- nenplastlc-physmlngl: hypercnrtlsnllsm (formerly
known as pseudo-Cushing’s syndrome)

Phenotype similar to neoplastic hypercortisolism
Alcoholism and alcohol withdrawal
Chronic kidney disease
Depression/neuropsychiatric disease
Glucocorticoid resistance
Uncontrolled diabetes mellitus

Phenotype not similar to neoplastic hypercortisolism

Starvation/malnutrition—anorexia nervosa
Pregnancy

Chronic intense exercise


Presenter
Presentation Notes
Subtle activation of the HPA axis primarily through neural pathways with input to the paraventricular nuclei of the hypothalamus
Attenuated sensitivity to glucocorticoid negative feedback that may lead to mild increases in cortisol similar to those found in subclinical Cushing’s syndrome 
Two phenotypes: one the patient looks cushingoid but the other they don’t look cushingoid


One hypothesis is that different pathophysiological conditions activate the paraventricular nuclei of the hypothalamus through neural pathways [1] resulting in hypersecretion of hypothalamic CRH (and maybe also AVP), and thus ACTH-dependent hypercortisolism. Besides activation of neural pathways, local overproduction of cortisol by excess visceral adipose tissue, without suppression of ACTH secretion, probably plays a role in patients with metabolic syndrome. Whatever its origin, this functional ACTH-dependent hypercortisolism is thought to resolve if the underlying condition can be effectively treated, which is unfortunately not always the case.

Alcohol-induced cortisol hypersecretion is primarily mediated through the activation of hypothalamic corticotropin-releasing hormone (CRH) secretion into the portal veins leading to the anterior pituitary. Impaired peripheral clearance of cortisol probably due to hepatic dysfunction may contribute to the hypercortisolemic state in alcoholics. Patients with alcohol-induced hypercortisolism have increased late-night salivary cortisol and urinary measurements of corticosteroids (26, 28, 29). Overnight dexamethasone suppression testing and assessment of stress-induced ACTH secretion often yields abnormal results (28, 30). 

Depression. Most forms of major depression – especially psychotic depression – have increased HPA axis activity (35). Decreases in the sensitivity of the glucocorticoid and possibly the mineralocorticoid receptors may lead to resistance to cortisol negative feedback (35). In addition, successful psychopharmacotherapy tends to normalize HPA axis function; ineffective therapy often correlates with persistent hypercortisolism (34). Many of these patients have an abnormal low-dose dexamethasone suppression test as well as increased late-night and urine cortisol (36). 

3. Diabetes: Pathologic Cushing’s syndrome may be an unsuspected finding in patients with type 2 diabetes mellitus with a prevalence as high as 3% (43, 44, 45, 46, 47). The converse is also true in that patients with diabetes mellitus with poor glycemic control may have an activated HPA axis (48). Increased late-night salivary cortisol concentrations have been found in some patients with poorly controlled type 2 diabetes mellitus (49). Furthermore, subtle disruptions of pituitary–adrenal function may contribute to insulin resistance and the development of the metabolic syndrome (50). Glycemic fluctuations do not have a major correlation with salivary cortisol excretion in diabetes mellitus

4. CKD he mechanism for the increase in cortisol in CKD is not a decrease in renal clearance of cortisol as plasma ACTH is typically increased in these patients. Hypercortisolism appears to be generated by the activation of the HPA axis presumably from hypothalamic origin and may correlate with increases in C-reactive protein suggesting that the high inflammatory state of chronic kidney disease may be the underlying etiology. 

5. Starvation. Patients with anorexia nervosa have an attenuated ACTH response to CRH probably due to negative feedback of cortisol on the corticotrophs of the anterior pituitary

6. Pregnancy: Salivary and serum free cortisol levels increase during pregnancy, particularly in the third trimester (63, 64, 65). The increase in total cortisol is primarily due to the increases in corticosteroid-binding globulin as pregnancy progresses, but the increase in free, biologically active cortisol is ACTH mediated (63, 66). The increase in plasma ACTH has been attributed to the secretion of CRH from the placenta, the increase in progesterone acting as a glucocorticoid antagonist, a decrease in glucocorticoid negative feedback sensitivity and the production of ACTH from the placenta (63). CRH-binding protein also increases during pregnancy, which may prevent the stimulatory effects of placental CRH on the maternal pituitary gland 

7. Exercise:  Chronic exercise, particularly of high intensity, may result in mild elevations of cortisol secretion even in the resting state. Although highly trained runners may have increased evening concentrations of ACTH and cortisol in the basal state, they have diminished exercise-induced cortisol levels compared to sedentary or moderately trained runners 


Diagnosing Pseudo-Cushing’s

* Dexamethasone-suppressed CRH test
* 0.5 mg of dexamethasone g6 hr x2 day

| e 2-hr after last dexamethasone dose 1 mcg/kg CRH given

e Serum ACTH and cortisol measured -15, -5, 0, 15, 30, 45, 60,
90, and 120 minutes

e Cortisol >1.4 mcg/dL likely true Cushing’s

 VVasopressin stimulation test
« Corticotroph adenomas express specific vasopressin receptors

 Desmopressin acetate administration can stimulate ACTH
secretion in patients with Cushing’s disease but will have minimal
effect in those who have pseudo-Cushing’s

« ACTH and cortisol levels measured before and +15, + 30 and
+60-min after 10 mcg IV DDAVP given

« ACTH >6 pmol/L likely true Cushing’s
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Regarding diagnosis of neuropsychiatric disorders that may be responsible for NNH, some confusion arises from the fact that psychiatrists use a combined dexamethasone/CRH (Dex/CRH) test to define severe depression or other psychiatric disorders that are classically associated with NNH, whereas endocrinologists also use a Dex/CRH test to diagnose NNH, but with a different protocol.
For endocrinologists [6], 1 μg/kg ovine CRH (in recent studies ovine CRH was replaced by human CRH) is injected at 8 am after 2 days’ dexamethasone suppression by 0.5 mg dex every 6 hours, with the last dose of dexamethasone given at 6 am 2 hours before CRH injection. For psychiatrists [7], 100 μg human CRH is injected at 3 pm after a single administration of 1.5 mg dexamethasone the previous day at 11 pm, 16 hours before CRH injection. In the first of these two studies, using the endocrinologists’ protocol, all 19 patients with PCS had cortisol levels < 38 nmol/L 15 minutes after 1 mg/kg ovine CRH injection, whereas all patients with either CD or ECS had higher levels at this time point; there were no control patients without hypercortisolism in this study [6]. Using the psychiatric protocol, Holsboer showed that 24 patients with a major depressive episode had much higher stimulated cortisol levels than control patients without depression (at 15 minutes, 100 nmol/L vs. 25 nmol/l); however, there was no control group with Cushing's syndrome [7].
Thus, it must be borne in mind that psychiatrists use a positive response to their Dex-CRH test (higher than in normal control subjects) as a criterion for depression and other psychiatric disorders, while endocrinologists use a negative response (lower than in CD or ECS) to their own Dex-CRH test as evidence that hypercortisolism is indeed linked to depression. Since CD patients may also present major neuropsychiatric disorders, it appears that, unless both protocols are compared in the same groups of patients, there will be some confusion regarding the interpretation of these tests in patients with hypercortisolism and neuropsychiatric disorders.



Diagnosing Pseudo-Cushing’s
e Comparing the tests
'» Giraldi et al. Clinical Endocrinology. 2007

' N=32 patients with Cushing's syndrome and 23 with
pseudo-Cushing's syndrome, all patients has mild
hypercortisolism of UFC of <690 nmol/24 hr

'»1 and 2 mg dexamethasone suppression test failed to
| identify those with pseudo-cushing’s

 Dexamethasone-CRH suppression tests classified
pseudo-Cushing’s with 100% sensitivity but only 81.5%
specificity (84% diagnostic accuracy)

* The desmopressin stimulation test classified all but two
patient’s with pseudo-cushing’s (81.5% sensitive, 90%
specific, 85% diagnostic accuracy)

|
|
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In Alcohol: The dexamethasone–CRH test may also be abnormal during active alcohol consumption and cannot be used to differentiate alcohol-induced hypercortisolism from pathologic Cushing’s syndrome (31). On the other hand, there may be no ACTH response to stimulation with desmopressin acetate (DDAVP) in alcohol-induced Cushing’s syndrome (similar to healthy subjects) in contrast to patients with Cushing’s disease 

In anorexia: Interestingly, the dexamethasone– CRH test may also be abnormal in patients with anorexia. DDAVP does not stimulate ACTH in these patients, which is similar to healthy subjects
test sensitivity is the ability of a test to correctly identify those with the disease (true positive rate), whereas test specificity is the ability of the test to correctly identify those without the disease (true negative rate).


Glucocorticold Resistance

« Familial receptor-mediated disorder

* Increased androgen and cortisol production in otherwise healthy, usually
| thin adults

'« Patients do not usually have typical Cushing’s features
e Tend to present more with mineralocorticoid excess
e Features of androgen excess and fertility issues

 In one case study, half of patients complained of fatigue (=5, charmandari et al.
JCEM. 2004)

e Generally slightly increased to high normal ACTH and elevated cortisol
levels
 |n one study, almost half had normal ACTH (vitellius et al. Euro J Endrinol. 2020)
 More severe cases ACTH may be in 1000s (McMahon SK et al. JCEM 2010)

e Treatment

 Dexamethasone at midnight to suppress ACTH activation of mineralocorticoid and
androgen production

e Titrate tNn narmMAalize andronance hlnnd Nnraccirirea and notacciiimM
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ACTH-dependent hypercortisolism in the absence of any physical features of cortisol excess should raise concern about a glucocorticoid resistance syndrome

Start with 1 mg and try to titrate down to 0.5 mg and even 0.25 mg if possible. Once mineralocorticoid and androgen levels have normalized, dexamethasone can usually be titrate downwards 


Testosterone low and no evidence of mineralocorticoid excess 

 GR loss-of-function mutations, may be related to the impairment of one of the GC signaling steps. To date, 31 NR3C1 loss-of-function mutations have been reported in patients presenting with various clinical signs such as hypertension, adrenal hyperplasia, hirsutism or metabolic disorders associated with biological hypercortisolism but without Cushing syndrome signs and no negative regulatory feedback loop on the hypothalamic-pituitary-adrenal axis


Back to Our Patient: Testing

« DHEA-S 11.4 mcg/dL (normal 34.5-256)

'» Total testosterone <7 pg/mL (normal <60)

» Free testosterone <1 pg/mL (normal <9)

1- Testosterone binding globulin 162

i' CBG (9:15 AM): 3.0 mg/dl (normal 1.7-3.1)

' Serum free cortisol: 1.2 mcg/dl (normal 0.1-1.8)
* % free cortisol: 7% (normal 2.3-9.5%)

e Serum cortisol 17 mcg/dL (normal 8 AM 8-19
4 PM 4-11)
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Glucocorotioid resistance seems unlikely
True cushing’s seems more likely given low DHEA-S
Albumin 4.7



®
Cushing’s Syndrome Suspected

e Hypercortisolemia by overnight dex suppression test and late evening
. salivary cortisol

;- No risk factors for pseudo Cushing and presentation and data not
| consistent with glucocorticoid resistance

* Severe osteoporosis not responsive to anabolic agents Is consistent
with catabolic form of Cushing’s syndrome

e Evidence for glucose intolerance based on intermittently elevated
glucose despite normal body weight and normal Alc also suggestive
of Cushing’s sydrome

 Low DHEA-S, adrenal mass and normal pituitary MRI supports
adrenal source of cortisol excess despite frequent elevated ACTH
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Osteoporosis and Cushing’s Syndrome

e 31.6% of women with Cushing’s present with OP and 46.8% of men (p<0.05)
. (Giraldi FP et al. Clinical Endocrinol. 2003)

;- The prevalence of subclinical hypercortisolism among patients with low BMD and
| fractures was 10.8%

l* The prevalence of subclinical hypercortisolism in patients with osteoporosis
(those with vertebral fractures and/or T-score of 2.5 or less) was 4.8%. (Chiodini
et al. Annals Int Med. 2007)
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Our patient had an adrenal  mass noted around age 45
Osteoporosis diagnosed 3 years later
Primary ovarian failure was around age 40
Was OP due to estrogen deficiency or multifactorial?
Obtained serum cortisols if >50, did dex suppression test. Forty-one patients (18.7%) had serum cortisol levels greater than 50 nmol/L after a 1-mg overnight dexamethasone suppression test. Seven (17.1%) declined further investigations. The remaining 34 patients were hospitalized; of these, 27 did not have subclinical hypercortisolism (serum cortisol level 50.0 nmol/L after a 2-day, low-dose dexamethasone suppression test, 24-hour urinary free cortisol level 165.6 nmol/d, and midnight cortisol level 207.0 nmol/L) and 7 (3.3% of the 212 patients who completed the study) had subclinical hypercortisolism (cortisol level 50.0 nmol/L after a 2-day, low-dose dexamethasone suppression test and 24-hour urinary free cortisol level 165.6 nmol/d or midnight cortisol levels 207.0 nmol/L) (Figure). No patient in the control group had subclinical hypercortisolism




Osteoporosis and Cushing’s Syndrome

Table 2. Odds Ratios for Osteoporosis and Vertebral Fracture®

Risk Factor Odds Ratio for P Value Odds Ratio for P Value
Osteoporosis Vertebral Fracture
(95% CI)*t (95% ClI)}#
Cortisol level after 1-mg overnight dexamethasone 3.37 (1.78-6.43) =0.001 1.70 (1.04-2.79) 0.035
suppression test (per 1-pg/dL increase)
Age (per 1-year increase) 1.06 (1.02-1.10) =0.001 1.06 (1.02-1.10) 0.002
Sex (male vs. female) 252 (0.74-8.48) 0.138 3.40(1.18-9.71) 0.023
BMI (per 1-kg/m? increase) 0.945 (0.88-1.02) 0.121 1.02 (0.95-1.11) 0.614
BMD at spine (L1 to L4) (per 1-unit decrease in T-score) - - 1.79 (2.40-1.34) 0.001
* Osteoporosis was defined as T-score of = 2.5 or less and/or vertebral fractures. BMD = bone mineral density; BMI = body mass index.

T Hosmer-Lemeshow goodness of fic P = 0.67, and c-statistic = 0.74.
¥ Hosmer-Lemeshow goodness of fic P = 0.75, and c-statistic = 0.76.

Chiodini et al. Annals Int Med.

2007
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Multivariable analyses suggested that failure to suppress cortisol secretion after a 1-mg overnight dexamethasone suppression test was significantly associated with osteoporosis (adjusted odds ratio, 3.37 [CI, 1.78 to 6.43]) and with the presence of vertebral fractures (adjusted odds ratio, 1.70 [CI, 1.04 to 2.79])
The association between cortisol secretion and vertebral fractures was independent of age and sex


Immulite-Assay

* Two site “sandwich” technique
'- Selected antibodies that bind to N-terminal and C-terminal epitopes of ACTH

* Two case series published of spuriously high ACTH levels
o Greene LW et al. 2019: N=5
« Donegan DM et al. 2019: N=12

* In many cases, elevated ACTH lead to further unnecessary invasive testing and
IN one case pituitary surgery

» Other potential factors for spurious elevation of ACTH were interference with
heterophile antibodies, human anti-animals antibodies, rheumatoid
factor/autoantibodies and pro-opiomelanocortin and ACTH fragments
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Quest uses immulite assay



Immulite-Assa

Greene et al. JES.

2019.

Case Reason for Referral Initial Adrenal Testing ACTH(Immulite) Imaging Additional Testing and Procedures Initial ACTH (2nd Final Diagnosis
Diagnosis Method)

1 Weight gain Normal AM cortisol, elevated LNSC Elevated (122- Normal pituitary MRI x2 3rd IPSS ACTH(Immulite) positive (Table 2) Cushing ACTH(Cobas) No Cushing
Hypertension Fatigue and UFC, positive LDDST Elevated 203 pg/mL) MRI positive Pituitary surgery (neoplasm ACTH staining disease normal (16-38 syndrome
Anxiety Bruising ACTH(Immulite) after LDDST and negative) pg/mL)
Irregular menses HDDST
Infertility

2 Striae Weight gain Moon Elevated UFC, LNSC, LDDST Normal (40 Pituitary MRI, 5-mm JVS ACTH(Immulite) no gradient IPSS Occult ectopic ACTH(AIA) Adrenal (ACTH-
facies Gestational pg/mL) and microadenoma Abdominal ACTH(Immulite) no gradient Adrenal vein ACTH- decreased (2-5 independent)
diabetes elevated (62 MRI, adrenal nodule DOTATE sampling Left adrenal vein cortisol > right dependent pg/mL) Cushing

pg/mL) negative x2 Serum DHEAS low Cushing syndrome
syndrome

3 Fatigue Muscle Normal/elevated UFC Elevated Elevated (78-143  Right adrenal nodule Pituitary JVS ACTH(Immulite) elevated but no Occult ectopic ~ ACTH(AIA) Adrenal (ACTH-
weakness Hypertension LNSC Positive LDDST pg/mL) MRI 1-2-mm lesion MIBG gradient IPSS ACTH(AIA) low and no ACTH- decreased (2-4 independent)
Prediabetes uptake in adrenal nodule gradient dependent pg/mL) Cushing
Osteoporosis Renal DOTATATE normal Cushing syndrome
calculi syndrome

4 Weight gain Facial Elevated UFC, LNSC Positive Normal (17-21 Possible 3-mm pituitary lesion Cushing ACTH(Cobas) Adrenal (ACTH-
rounding Hirsutism LDDST pg/mL) Right adrenal mass (HU 40) disease decreased (1 independent)
Striae Supraclavicular pg/mL) Cushing
fullness syndrome

5 EtOH abuse Cirrhosis Normal UFC Elevated LNSC Positive  Elevated (367- Pituitary MRI normal Ectopic ACTH ACTH(Cobas) Ethanol-induced

Bruising Muscle atrophy
Edema

LDDST

1031 pg/mL)

syndrome

decreased (7
pg/mL) ACTH(AIA)
normal (14 pg/mL)

hypercortisolism

To convert ACTH to pmol/L, multiply by 0.2202.
Abbreviations: EtOH, ethanol; HDDST, high-dose DST suppression test; HU, Hounsfield units; IPSS, inferior petrosal sinus sampling; JVS, jugular venous sampling; LDDST, low-dose DST suppression test; MIBG,
metaiodobenzylguanidine; UFC, urine free cortisol.
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patients in whom the diagnosis or differential diagnosis of Cushing syndrome was confounded by erroneously elevated results from the Siemens ACTH Immulite that were resolved using the Roche Cobas or Tosoh AIA  assays.  In one case, falsely elevated ACTH(Immulite) results owing to interfering antibodies resulted in several invasive differential diagnostic procedures (including inferior petrosal sinus sampling), MRI, and unnecessary pituitary surgery. In three cases, either Cushing disease or occult ectopic ACTH were suspected owing to elevated ACTH(Immulite) results. However, adrenal (ACTH-independent) Cushing syndrome was established using ACTH(AIA) or ACTH(Cobas) and proved surgically. In one case, ectopic ACTH was suspected owing to elevated ACTH(Immulite) results; however, the ACTH(Cobas) findings led to the diagnosis of alcohol-induced hypercortisolism that resolved with abstinence


Immulite-Assay

Laboratory assessment performed in those patients with ACTH assay interference.

Siemens ACTH (Reference range, 10-60 pg/mL)

HBT (pg/mL)

Roche ACTH (Reference range, 7.2-63.3 pg/mL)

Patient

@O~ o AWk =

Original ACTH

56
19
142
98.5
14
21
137
95
138
261
60
77

Repeat ACTH
34.8
13.7
145
NP
15
22
127
93
98
NP
49
70

X 2 dilution
50.8
25.6
51
550
24.6
30
97.2
77.6
290
NP
80
140

X 4 dilution
100.4
42.4
82,
730
66.4
56
72.4
160
632
238
88
172

27.5
20.3
NP
292
7.2
154
NP
NP
NP
930 (1.89 Cobas)
67
98

=<1
1.76
20
1.9

1.3
48.44
24
8.9
1.74
22
5.6

Abbreviations used: ACTH, corticotropin; HBT, heterophile blocking tube, NP, not performed.

* Dilution performed was 5- and 10-fold.

Donegan DM et al. Clinical Biochemistry.

2019
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ACTH assay interference in the plasma samples was investigated by: a) repeat testing; b) serial dilutions (ranging from 2- to 10-fold and using the manufacturer's ACTH sample diluent); c) measurement using a different analytical platform (Roche Cobas, IN); and, d) heterophile blocking reagents. 
Repeat measurement (except in patient #4 and #10 in who the measurement was not repeated) using the same assay confirmed the original result. Serial dilutions in all patient samples resulted in a nonlinear dose response suggesting the presence of an analytical interference and also led to a notable rise in concentration with further dilution. In plasma samples from 8 patients, incubation with HBT did not remove the analytical interference and concentrations remained falsely elevated. Evaluation on a different analytic platform (Roche Cobas) resulted in a lower plasma ACTH concentration with the largest discrepancy seen in patient #10 who had panhypopituitarism following transcranial surgery for resection of a craniopharyngioma.

Inappropriate handling of specimens, including maintenance samples at room temperature, delay in centrifugation and separation of plasma, hemolysis and excess EDTA, can lead to a false decrease in plasma ACTH concentrations. Antibodies such as heterophile, human anti-animal antibodies, or autoantibodies including rheumatoid factor may lead to interference in immmunoassays [3,5,6,12]. Although the prevalence of potential interfering agents is reported to be high, clinically relevant interference has been reported to occur in 0.5–3% of specimens [13,14]. Serial dilutions can be used to confirm the presence of analytic interference. Interestingly, the measured concentration increased following dilutions which is contrary to what is typically seen in the setting of heterophile antibodies [15]. Current immunoassay contain blocking reagents significantly reducing the incidence of heterophile antibodies interferences however these reagents have been unable to completely eliminate the problem. Blocking agents may be specific such as heterophile blocking reagents which capture human immunoglubulins or nonspecific such as non-immune globulins typically from sera of the species used to develop the assay antibodies 

Both the Roche and Siemens Immulite ACTH assays are sandwich immunoassays. In these assays the presence of biotin would result in a negative bias if biotin concentrations are significant. For the Siemens ACTH assay, biotin concentrations of up to 1500 ng/mL does not cause significant interference, whereas for the Roche ACTH assay, biotin concentrations of >60 ng/mL may be associated with interference. Biotin decreases ACTH



Back to Our Patient

 ACTH repeated using Roche * She received stress dosing prior to
. assay at UCM and was 1.6 surgery and then was placed on
|« Her HbA1c prior to surgery was maintenance hydrocortisone
5.8% * Postoperatively reported dramatic
|« Patient underwent right improvement in insomnia
adrenalectomy 10/2019 o Labs
* Pathology revealed adrenal * Glucose 72
cortical adenomas (3.5 and 1.0 e Na 144
cm), entirely excised .
Th ti how t dul Nk
* The sections show two nodules . 0
adjacent to each other raising ALS 5.8%
possibility of adrenal nodular * ACTH 4.9
hyperplasia. Both nodules show « Advised repeat DEXA scan in 18

extensive areas of cells with months

eosinophilic cytoplasm » Re-assess HPA axis in several
months

Py I Aﬁ+ +A ‘AIIAII' B B LN
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