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Preface

Dynamic endocrine testing is the cornerstone of practice in endocrinology and plays
an important role in clinical decision-making. Structured and standardized testing
protocols are also very important for billing and compliance with high quality stan-
dards. However, evidence-based national guidelines for these tests are unfortunate-
ly missing.

We in the Cleveland Clinic Department of Endocrinology recently updated our
endocrine dynamic testing protocols utilizing current best evidence. These dynamic
endocrine tests have been created via a peer review process that included 25 expe-
rienced endocrinologists, with each test being discussed at weekly grand rounds.
We decided to publish our experience as The Cleveland Clinic Manual of Dynamic
Endocrine Testing, which will provide an up-to-date practical guide for endocri-
nologists, nurses, and their staff, both within the USA and outside, who need to
perform and interpret dynamic endocrine testing in their everyday practice, as well
as medical students, residents, and fellows who have interest in endocrinology.

Each chapter presents of a particular test. Most chapters follow a fairly consis-
tent format covering indication, preparation, materials, interpretation, and caveats.
The portion that outlines the actual procedure of the test is presented separately at
the end of each chapter for ease of use and reproducibility.

We give special thanks to the physicians and nurses in the Cleveland Clinic De-
partment of Endocrinology, who have contributed to the creation of this valuable
book.

Ahmet Bahadir Ergin, MD, CCD, ECNU
A. Laurence Kennedy, MD, FRCP
Manjula K. Gupta, PhD

Amir H. Hamrahian, MD
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Part 1
Dynamic Tests in Pituitary/Adrenal
Disorders



Chapter 1

ACTH Stimulation Test for Adrenal
Insufficiency with Total Cortisol Levels

Indication:

Preparation:

Materials Needed:

Cortisol:
Gold top tube

Assay for Cortisol:

Precautions:

Interpretation:

Caveats:

This test is performed to determine whether the adrenal
glands can respond normally to ACTH by producing cortisol.

Patients should be off glucocorticoids that potentially inter-
fere with the cortisol assay (hydrocortisone, prednisone) for
24 h pretesting. Dexamethasone may be used.

Three (3) gold top tubes labeled as baseline, 30, and/or
60 min

Cortrosyn 250 mcg

Syringes/needles

Chemiluminescence immunoassay (CLIA).
Cosyntropin is category C for pregnancy.

Normal response: Peak stimulated cortisol value > 18 meg/dl
at 30 min [1, 2]. Most patients achieve higher cortisol lev-
els at 60 min compared to 30 min value following 250 mcg
cortrosyn administration [2]. Accordingly, a cut-off value of
18 mcg/dL at 60 min may be associated with an increased
false positive result.

» Taking oral estrogen may result in elevation of the total cortisol level due to
increased corticosteroid binding globulin [3].

 Patients with albumin <2.5 gr/dL may have a low cortisol level [4].

» Sensitivity for the test is limited in secondary adrenal insufficiency. Specificity
is >95%, thus a positive cosyntropin test result substantially increases the
likelihood that the patient has secondary adrenal insufficiency [5].

© Springer International Publishing Switzerland 2015 3
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1 ACTH Stimulation Test for Adrenal Insufficiency with Total Cortisol Levels

Procedure: Completed as outpatient
1. Draw blood sample for baseline serum cortisol.
2. Give Cortrosyn 250 mcg IM.

3. At 30 and/or 60 min, draw blood samples for serum cortisol.

Physician name and signature:

RN performing the procedure:

Additional orders by physician:

Baseline 30 min 60 min

Cortisol




6 1 ACTH Stimulation Test for Adrenal Insufficiency with Total Cortisol Levels
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Chapter 2

ACTH Stimulation Test for Adrenal
Insufficiency with Free Cortisol Levels

Indication:

Preparation:

Materials Needed:

Free cortisol 0.6 ml:
Gold top tube.

Transport: Frozen.
Remove serum from cells
and freeze within 2 hours
after collection.

This test is performed to determine whether the
adrenal glands can respond normally to ACTH by
producing free cortisol [1, 2]. This test is particu-
larly helpful in patient with albumin <2.5 mg/dL
or low CBG.

Patients should be off glucocorticoids that poten-
tially interfere with the cortisol assay (hydro-
cortisone, prednisone) for 24 h pretesting.
Dexamethasone may be used.

Three (3) gold top tubes labeled as baseline, 30,
and/or 60 min

Cortrosyn 250 mcg

Syringes/needles

Assay for Cortisol: Electrochemiluminescence immunoassay (ECLIA).

Precautions: Cosyntropin is category C for pregnancy.

Interpretation: Normal response: Peak stimulated cortisol
value >1.2 mcg/dl [3, 4] at 30 or 60 min. Most
subjects achieve higher cortisol levels at 60 min
compared to the 30 min value following 250 mcg
of cosyntropin administration.
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8 2 ACTH Stimulation Test for Adrenal Insufficiency with Free Cortisol Levels

Caveats:

» This cut-off value may not apply to ICU patients. Further studies are needed to
establish appropriate levels in such patients. Benefit from glucocorticoid therapy
may be beyond adrenal function status in patients with septic shock [1]

* Free cortisol index (FCI) may be used as an alternative to this dynamic test, if
free cortisol assay is not available.

* FCI: Total cortisol (nmol/L)/CBG (mg/dl)<12 suggests adrenal insufficiency
[5]. Total cortisol should be measured in the morning between 8—10 am.



2 ACTH Stimulation Test for Adrenal Insufficiency with Free Cortisol Levels

Procedure: Completed as outpatient

1. Draw blood sample for baseline serum free cortisol.

2. Give Cortrosyn 250 mcg IM.

3. At 30 and/or 60 min, draw blood samples for serum cortisol.

Physician name and signature:

RN performing the procedure:

Additional orders by physician:

Baseline

30 min

60 min

Free cortisol
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Chapter 3

ACTH Stimulation Test for Late Onset
(Nonclassic) 21-Hydroxylase Deficiency

Indication:

Preparation:

Materials Needed:

Cortisol:
Gold top tube

Gold top tube

17 OH Progesterone:

Assay for 17 OHP:

Interpretation:

Caveats:

To evaluate for androgen excess in diagnosing non-
classic CYP21A2 deficiency. If Basal 17-hydroxypro-
gesterone (17 OHP) <2 ng/ml, diagnosis is unlikely
and ACTH stimulation may not be necessary [1, 2].

Women are best tested in the early follicular phase of
the menstrual cycle. It is recommended to hold gluco-
corticoids for 24 h prior to testing to avoid any effect
on 17 OH progesterone level.

Two (2) gold top tubes labeled as baseline and 60
minutes

Cortrosyn 250 mcg

Syringes/needles

Radioimmunoassay (RIA).

With late onset 21-hydroxylase deficiency, the abso-
lute value of 17-hydroxyprogesterone at 60 min sam-
ple is >10 ng/dl [2, 3].

» Baseline androgen levels return to baseline after 8§ weeks of discontinuation of
oral contraceptive pills (OCP) [4].
» There is not enough data in regards to the effect of OCP on 17 OHP levels after

ACTH stimulation.
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3 ACTH Stimulation Test for Late Onset (Nonclassic) 21-Hydroxylase Deficiency

Procedure: Completed as outpatient.
1. Obtain baseline blood sample for (17 OHP) and cortisol.
2. Give cortrosyn 250 mcg IM.
3. At 60 min, obtain sample for (17 OHP) and cortisol.

Physician name and signature:

13

RN performing the procedure:

Additional orders by physician:

ACTH stimulation Cortisol 17-OHP

Basal

30 min

60 min
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Chapter 4

Metyrapone Stimulation Test

Indication:

Preparation:

Materials Needed:

ACTH:

Lavender top tube on ice
Transport Temperature:
Frozen;

Note: Separate plasma
from cells ASAP

Cortisol and 11
deoxycortiol (DOC):
Gold top tube

Assay for Cortisol and ACTH:

Assay for 11 DOC:

Precautions:

To evaluate HPA axis integrity. It is a sensitive
alternative test to insulin tolerance test (ITT) in
order to evaluate the adrenocorticotrophic hor-
mone (ACTH) reserve.

The patient may eat and drink normally prior to
the test.

Metyrapone po (30 mg/kg body weight, or 2 g
for <70 kg, 2.5 g for 70 to 90 kg, and 3 g for
>90 kg)

Chemiluminescence Assay (CLIA).
LC-MS/MS.

Hypotension, nausea, vomiting, abdominal
discomfort or cramping, and musculoskeletal
pain in patients with adrenal insufficiency may
happen. Metyrapone can also cause dizziness,
sedation, and allergic rash.
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Interpretation:

Caveats:

4 Metyrapone Stimulation Test

Metyrapone blocks the conversion of 11-deoxy-
cortisol to cortisol by CYPI1B1 (11-beta-
hydroxylase, P-450c11), the last step in the
synthesis of cortisol, and induces a rapid fall of
cortisol and stimulation of ACTH.

1. A normal response to the overnight single-

dose test consists of [1-3]:

» A serum cortisol concentration at 8 AM of
less than 5 pg/dL (138 nmol/L) confirms
adequate metyrapone blockade.

* An 8 AM serum 11-DOC concentration
>7 mcg/dL (>200 nmol/L).

. A lack of achieving a serum 11-DOC con-

centration >7 mcg/dL in the presence of a
serum cortisol >5 mcg/dL. may be related
to a lack of adequate 11 beta hydroxylase
blockage. In such patients, the test needs
to be repeated after taking higher dosage of
metyrapone.

* The metyrapone test is the most sensitive method to detect partial defects in

pituitary ACTH secretion [1, 3].

» Cortisol levels measured by conventional immunoassays can be falsely elevated
by the interference of increased 11-deoxycortisol levels induced by metyrapone;
Liquid chromatography tandem mass spectrometry steroid assays give the best

results [4].

* Similar to ITT, the metyrapone test is not indicated for evaluation of patients
suspected to have primary adrenal insufficiency. In such cases, measurement
of morning serum cortisol, plasma ACTH level, or ACTH stimulation would be

preferred.



4 Metyrapone Stimulation Test 17

Procedure: Completed as outpatient

1.

Patient ingests metyrapone (30 mg/kg body weight, or 2 g for
<70 kg, 2.5 g for 70-90 kg, and 3 g for >90 kg body weight at
midnight/bedtime with a glass of milk or a small snack.

. Serum ll-deoxycortisol, cortisol, and plasma ACTH are mea-

sured between 7:30 and 9:30 AM the next morning [1, 2].
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Chapter 5
Two Day Low Dose Dexamethasone
Suppression Test

Indication: To assess suppressibility of cortisol in patients with an

equivocal screening test such as overnight 1 mg exametha-
sone (dex) suppression test, 24 h urinary free cortisol, and/or
late night salivary cortisol.

Preparation: None.

Materials Needed: Eight dexamethasone 0.5 mg tablets

Cortisol:
Gold top tube

One gold top tube for cortisol

Assay for Cortisol: Chemiluminescence Immunoassay (CLIA).

Precautions: None.

Interpretation: Serum cortisol concentration >1.4-1.8 pg/dl after 2 day low

dose dex is strongly suggestive of Cushing’s syndrome [1].

Caveats:

Use of the 2 mg 2-day test has greater specificity at high sensitivity compared
to the 1 mg overnight test. However, it requires more patience on the part of the
patient [2, 3].

We do not recommend 24 h urine cortisol measurement during 2 mg dexa-
methasone suppression test (DST) because measurement of serum cortisol
concentration during the low dose dexamethasone test is simpler and more
reliable than measurements of urinary steroids [3].

Do not use this test if the patient is on estrogens which increase cortisol binding
globulin (CBG) and falsely elevate cortisol levels [4].

Drugs such as phenytoin, phenobarbital, phenobarbitone, carbamazepine,
rifampicin, and alcohol induce hepatic enzymatic clearance of dexamethasone,
mediated through CYP 3A4, thereby reducing the plasma dexamethasone con-
centrations and may be associated with a false positive result [5].
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20 5 Two Day Low Dose Dexamethasone Suppression Test

» To evaluate for false-positive and negative responses, some experts have ad-
vocated simultaneous measurement of both cortisol and dexamethasone during
dexamethasone suppression tests to ensure adequate plasma dexamethasone
concentrations.



5 Two Day Low Dose Dexamethasone Suppression Test 21

Procedure: Completed as outpatient

1. Instruct patient to begin dexamethasone tablets. Patient takes one
tablet every 6 h for a total of 8 doses (8 am, 2 pm, 8 pm, and
2 am). Some clinicians prefer a different schedule such as 6 am,
12 pm, 6 pm, and 12 am as a more convenient alternative. Studies
were performed in the former schedule.

2. 6 h after the last dose, draw blood for cortisol (8 am).

e Cortisol level at the end of the test:
» Date and time of the cortisol:

Physician name and signature:

RN performing the procedure:

Additional orders by physician:
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Chapter 6
Combined CRH Dexamethasone
Suppression Test

Indication: To be able to distinguish Cushing’s syndrome from pseudo-

Cushing’s states.

Preparation: None.

Materials Needed: Eight dexamethasone 0.5 mg tablets

Cortisol: Two gold top tubes for cortisol, labeled baseline and
Gold top tube post-dexamethasone

Assay for Cortisol: Chemiluminescence Immunoassay (CLIA).

Precautions: None.

Interpretation: Serum cortisol concentration more than 1.4 mcg/dl at 15 min

after Combined Dex-CRH test is suggestive of Cushing’s
syndrome [1].

Caveats:

We do not recommend 24 h urine collection for cortisol because measurement of
serum cortisol concentration during the low dose dexamethasone test is simpler
than, and as accurate and reliable as, measurements of urinary steroids [2].

The diagnostic accuracy of the dexamethasone-CRH test for Cushing’s syn-
drome can be significantly greater than the accuracy of either the low-dose dexa-
methasone test or the CRH test alone [1].

Do not use this test if the patient is on estrogens that increase cortisol-binding
globulin (CBG) and falsely elevate cortisol levels [3].

Drugs such as phenytoin, phenobarbitone, carbamazepine, rifampicin, and al-
cohol induce hepatic enzymatic clearance of dexamethasone, mediated through
CYP 3A4, thereby reducing the plasma dexamethasone concentrations and may
be associated with a false positive result [4].

To evaluate for false-positive and negative responses, some experts have advo-
cated simultaneous measurement of both cortisol and dexamethasone for these
tests to ensure adequate plasma dexamethasone concentrations [5].
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6 Combined CRH Dexamethasone Suppression Test 25

Procedure: Completed as outpatient.

1. Instruct patient to take one tablet every 6 h for a total of 8 doses
(12 pm, 6 pm, 12 am, and 6 am).

2. Two hours after the last dose of dex (8 am), administer 100 mcg
oCRH and draw blood for cortisol before and 15 min after ocCRH
administration.

e Cortisol level at the end of the test:
» Date and time of the cortisol:

Physician name and signature:

RN performing the procedure:

Additional orders by physician:
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Chapter 7

Overnight Low Dose Dexamethasone
Suppression Test—1 mg

Indication:

Preparation:

Materials Needed:

Precautions:

Assay for Cortisol:

Interpretation:

Caveats:

To evaluate for Cushing’s syndrome, to evaluate adrenal
incidentaloma for subclinical Cushing’s syndrome [1].

None.

Dexamethasone 1 mg po.

One gold top tube for cortisol.

None.

Chemiluminescence Immunoassay (CLIA).

Normal response: Early morning cortisol <1.8 pg/dL [2].

Normal response in adrenal incidentaloma can be set at
<3-5 pg/dL if clinical significance and increased specificity
are to be pursued.

Serum dexamethasone level may be added to previously
drawn cortisol sample if result is negative or equivocal.

* At the 1.8 pg/dL cutoff, the sensitivity is high (>95 %) with specificity rates of
80%. Specificity increases to greater than 95% if the diagnostic threshold is
raised to 5 pg/dL [3].

* Do not use this test if patient is on estrogens as they increase CBG resulting in
falsely elevated cortisol levels [4].

* Drugs, such as phenytoin, phenobarbital, carbamazepine, rifampicin, and alco-
hol, induce hepatic enzymatic clearance of dexamethasone, mediated through
CYP 3A4, thereby reducing the plasma dexamethasone concentrations and may
be associated with a false positive result [5].
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28 7 Overnight Low Dose Dexamethasone Suppression Test—1 mg

* To evaluate for false-positive and negative responses, some experts have
advocated simultaneous measurement of both cortisol and dexamethasone
during dexamethasone suppression tests to ensure adequate plasma dexametha-
sone concentrations [6].

» Patients with cyclic Cushing’s syndrome may have a normal dexamethasone
suppression test.
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Procedure: Completed as outpatient.

1. Patient takes dexamethasone between 11 pm and midnight.
2. The next morning, the patient has serum cortisol drawn at labora-
tory at 8 am (fasting).

e Cortisol level at the end of the test:

e Date and time of the cortisol:

Physician name and signature:

RN performing the procedure:

Additional orders by physician:
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Chapter 8
Overnight High Dose Dexamethasone
Suppression Test—8 mg

Indication: 1. To help differentiate Cushing’s disease from ectopic
ACTH syndrome (EAS) in patients with ACTH-depen-
dent Cushing’s syndrome.

2. To help differentiate Cushing’s disease from adrenal
Cushing’s in patients with low normal plasma ACTH
levels.

Preparation: Overnight fast is recommended.

Materials Needed: Dexamethasone 8 mg.

Precautions: None.

Assay for Cortisol: Chemiluminescence Immunoassay (CLIA).

Interpretation: The basis for the high-dose suppression tests is the fact that
ACTH secretion in Cushing’s disease is only relatively resis-
tant to glucocorticoid negative feedback inhibition. Cortisol
levels will not suppress normally with overnight 1 mg but
will suppress with 8 mg high dose dexamethasone suppres-
sion test [1].

e Serum cortisol concentration at 8 am is <5 mcg/dL
(140 nmol/L) in most patients with Cushing’s disease, and
is usually undetectable in normal individuals.

* A more than 50% decrease in cortisol on the day after
taking 8-mg dexamethasone supports a diagnosis of Cush-
ing’s disease. A 77-92 % sensitivity and 57-100 % speci-
ficity is reported in different studies [2—4]. More stringent
criteria >68% and >80% suppression of cortisol have
been suggested by some groups to improve its diagnostic
specificity [2].
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8 Overnight High Dose Dexamethasone Suppression Test—8 mg

* A lack of suppression of cortisol by more than 50 % dur-
ing the high-dose dexamethasone suppression test (DST)
in patients with low normal ACTH levels (5-20 pg/ml)
suggests an adrenal etiology because adrenal tumors do
not depend on ACTH for cortisol secretion.

Caveats:

Dexamethasone levels can be measured to assure compliance and a lack of in-
creased metabolism.

Drugs, such as phenytoin, phenobarbitone, carbamazepine, rifampicin, and al-
cohol, induce hepatic enzymatic clearance of dexamethasone, mediated through
CYP 3A4, thereby reducing the plasma dexamethasone concentrations and may
be associated with a false positive result [5].

To evaluate for false-positive and negative responses, some experts have advo-
cated simultaneous measurement of both cortisol and dexamethasone for these
tests to ensure adequate plasma dexamethasone concentrations [6].

A more than 50 % decrease in cortisol during the high-dose dexamethasone sup-
pression test, and a more than 50 % increase in ACTH after CRH stimulation
has a 98 % positive predictive value for Cushing’s disease. However, 18—65 % of
patients with Cushing s disease lacked a response to one or both tests |7, 8].
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Procedure: Completed as outpatient.

1. Patient has serum cortisol drawn between 8-9 am, then takes dexamethasone
that evening at 11 pm.
2. The next morning, the cortisol is drawn again between 8-9 am while fasting [1].

e Cortisol level at baseline before dexamathasone:

e Cortisol level at the end of the test:

e Date and time of the cortisol:

Physician name and signature:
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Chapter 9

Ovine Corticotropin-Releasing Hormone
(0oCRH) Stimulation Test

Indication:

Patient Preparation:

Pregnancy Category C:

Materials Needed:

ACTH Lavender-
top tube (on ice),

1 ml Method: Elec-
trochemilumines-

cence immunoassay
(ECLIA)

Cortisol:

Gold top tube,

1 ml, Chemilumi-
nescence Immuno-
assay (CLIA)

To differentiate Cushing’s disease from ectopic and
adrenal Cushing’s syndrome.

Patient to fast or abstain from eating for at least 4 h
before the test since there may be a physiologic increase
in cortisol levels after a meal [1].

There is positive evidence of human fetal risk based on
adverse reaction data from investigational or marketing
experience or studies in humans, but potential benefits
may warrant use of the drug in pregnant women despite
potential risks.

1. Six lavender-top (EDTA) tubes on ice for ACTH
(adrenocorticotrophic hormone) labeled — 15, 0, 15,
30, 45, and 60 min.

2. Six gold top tubes for cortisol labeled — 15, 0, 15, 30,
45, and 60 min.

3. ACTHREL (ovine CRH) 1 mcg/kg to be adminis-
tered over 30 s (maximum dose of 100 mcg).

4. 1V line catheter/syringes/needles.
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Precautions:

Interpretation:

Caveats:

9 Ovine Corticotropin-Releasing Hormone (0CRH) Stimulation Test

Monitor blood pressure and pulse rate if the patient is
symptomatic, since episodes of hypotension and tachy-
cardia have rarely been reported. Flushing of face,
neck, and upper chest and the urge to take a deep breath
have also been noted. All signs and symptoms could
be reduced by administering the drug over 30 s instead
of bolus injection. The use of a heparin solution to
maintain IV cannula patency during the corticotrophin-
releasing hormone (CRH test) is not recommended.
An interaction between CRH and heparin may cause a
hypotensive reaction (see drug label).

Cushing’s syndrome due to pituitary tumors causing Cush-
ing’s disease usually responds to CRH with increased ACTH
and/or cortisol; whereas ectopic ACTH-secreting tumors
and adrenal tumors usually do not.

More than 35-50 % increase in the basal plasma ACTH con-
centration or a more than 20 % increase in the basal serum
cortisol concentration suggests Cushing’s disease [2, 3].

1. Approximately 8% of patients with Cushing’s disease do not respond to CRH
with no appreciable increase in peripheral plasma ACTH or serum cortisol con-

centrations [4].

2. CRH test is used to differentiate Cushing’s disease from Adrenal Cushing’s when
the ACTH level is in the indeterminate range (for most assays, 5-20 pg/mL).

3. Occasional patients with ectopic ACTH syndrome or primary adrenal disease
may respond to CRH. In such patients, a lack of completely suppressed hypotha-
lamic—pituitary axis has been suggested as the underlying etiology. A more than
50% decrease in cortisol during the overnight high-dose dexamethasone sup-
pression test, and a more than 50 % increase in ACTH after the CRH stimulation
has 98 % positive predictive value for Cushing’s disease. However, up to 30 % of
patients with Cushing’s disease fail one of the two tests [5].
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CRH Stimulation Test Procedure:
1.

Patient name:

Physician name and signature:

RN performing the procedure:

Additional orders by physician:

Completed as outpatient.

37

Patient to fast after midnight or abstain from eating

for at least 4 h.

Check the materials needed in the first page.
Establish IV line. Flush with saline only. Do not use

heparin.

Allow patient to rest for 30 min.

Draw baseline samples for ACTH and cortisol at —15

and 0 min.

Give CRH slowly IV over 30-60 s.
Draw blood samples at 15, 30, 45, and 60 min for

cortisol and ACTH.

CRH
test

—15 min

0 min (baseline) | 15 min

30 min

45 min

60 min

Cortisol

ACTH
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Chapter 10

Insulin Tolerance Test (ITT)

Indication: This test is performed to evaluate patients with suspected
hypothalamic-pituitary-adrenal (HPA) axis or growth hor-
mone (GH) axis deficiency. Hypoglycemia causes a major
stress response, with an increase in plasma ACTH, serum
cortisol, and growth hormone. Insulin Tolerance Test (ITT)
is considered the gold standard test to evaluate the integrity
of HPA.

Contraindication:  History of coronary artery disease, seizure disorder, or
stroke. Age more than 65 is a relative contraindication.

Preparation: NPO except water after midnight and during test
Confirm patient medications and NPO status with a physi-
cian prior to proceeding.

Materials Needed: A syringe containing 50 % glucose solution should be at the
bedside.

Cortisol: Insulin—confirm dose with a physician
Gold top tube Crackers/juice/soda

GH: Gold top Glucose monitor

tube Twenty-one (21) gold top tubes
Glucose:

Gray top tube

Assays: Corti-

sol: CLIA GH:

Immunoenzy-

matic

Precautions: Do not leave the patient unattended since hypoglycemia is
expected.

A physician must be available in the walking distance from
the room where the ITT is performed.

© Springer International Publishing Switzerland 2015 39

A. B. Ergin et al., The Cleveland Clinic Manual of Dynamic Endocrine Testing,
DOI 10.1007/978-3-319-13048-4_10



40 10 Insulin Tolerance Test (ITT)

Interpretation:
* A cortisol level <500 nmol/L (18 pg/dL) is consistent with an
abnormal HPA axis [1].
e A serum growth hormone <5 ng/ml (5 mcg/L) is consistent
with severe growth hormone deficiency (96 % sensitivity and
92 % specificity) [2]. To obtain 95 % specificity, a lower peak
serum GH cut point at 3 pg/ml (3 ng/ml) may be used [2].

Caveats:

» The test should be performed by an experienced clinician

* To be able to interpret test results, patients should achieve a glucose level
<2.2 nmol/L (40 mg/dL) associated with symptoms of hypoglycemia including
headache, palpitation, diaphoresis and mental fogginess.

» The test is not indicated for evaluation of patients suspected to have primary
adrenal insufficiency.

*  Once hypoglycemia is developed, providing intravenous 50% glucose solution
or juice does not alter the result of the test.
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Insulin Tolerance Test Procedure:

1.
2.

Establish hep-lock.
Draw baseline, timed samples after 30 min of patient rest for GH, cortisol, and
glucose

. Inject regular insulin IV in a single push as ordered by a physician and 10 cc

saline flush following insulin.

. Note the time of insulin injection.
. Obtain samples for GH, cortisol, and glucose at 15, 30, 45, 60, 90, and 120 min

after insulin injection.

. The symptoms of hypoglycemia may be mild in patients with long standing

secondary adrenal insufficiency or panhypopituitarism. In such patients close
monitoring of the patient is required for subtle changes in mental status.

. Provide the patient with juice and cracker at the end of the test. Patients should

have two consecutive blood glucose levels >4 mmol/L (70 mg/dl), 15 min apart
before leaving the testing area. Advise the patient to eat a meal containing protein
before leaving the hospital.

Guidelines for Initial and Repeat Insulin Orders: The standard dose is generally
0.15 unit/kg (0.1 unit/kg for a patient with known secondary adrenal insufficiency
when he/she is being evaluated for GH deficiency). In patients with obesity or sus-
pected insulin resistance, the dose may be increased up to 0.25 unit/kg.

*Redosing may be necessary if BG does not decrease by 30 min. If BG is not less
than 45 mg/dl at 30 min, administer another dose of 50-100% of the initial dose
based on the BG and the decline from baseline value.

Patient label:

Insulin dose initial:

RN performing the procedure:

Ordering provider’s signature: Date:
ITT Baseline 15 min 30 min 45 min 60 min 90 min 120 min
BG
Cortisol
GH
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Chapter 11

Glucagon Stimulation Test
for GHD (GST)

Indication:

Contraindication:

Preparation:

Materials needed:

1. Inorder to evaluate patients with suspected growth hormone
(GH) deficiency.

2. Inorder to assess growth hormone reserve when insulin tol-
erance test or growth hormone-releasing hormone (GHRH)—
arginine tests are contraindicated, not preferred, or not
available.

Malnourishment, pheochromocytoma, or insulinoma [5].
Nil per os (NPO) except water after midnight and during test

Nine gold top tubes, glucagon

GH:
2 ml Gold top
tube
Assay for GH: Immunoenzymatic
Precautions: Nausea (30%), vomiting/retching (10%), and headaches
(10%) may occur during and after the test. (Administration of
intravenous antiemetics can be considered.) Late hypoglyce-
mia may rarely occur (patients should be advised to eat small
and frequent meals after the completion of the test) [5].
Interpretation: In adults with growth hormone deficiency (GHD), peak GH
levels fail to rise above 3 ng/mL (sensitivity 97—-100% and
specificity 88—100%) [1, 2]. Preliminary results of ongoing
studies suggest lower cutoff values for diagnosis of severe GH
deficiency.
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44 11 Glucagon Stimulation Test for GHD (GST)

Caveats:

It is not known whether testing using the GST in subjects with diabetes is valid,
since only a small number of patients with diabetes have been included in clinical
studies [3, 5].

» Unlike the GHRH-arginine test, significant correlation between body mass in-
dex (BMI) and peak GH response to the GST was observed in some but not all
the studies [2].

» It is still not clear whether the ideal timing of the GST is 3 versus 4 hour, and
continuing the test for 4 hour may be advisable, at least until there are more de-
finitive data available [4].



11 Glucagon Stimulation Test for GHD (GST)

Procedure [5]:

Patient label:

. Ensure patient fasts from midnight.

. Weigh patient and document the weight.

45

. Insert intravenous cannula (hep-lock) for intravenous access
between 8 and 9 a.m.

. Administer glucagon intramuscularly 1 mg (1.5 mg if patient

weighs more than 90 kg) [1]. Confirm the medication doses

with physician.

. Discontinue hep-lock.

60, 90,120, 150, 180, 210, and 240 min [5].

Documentation for medication orders:

Ordering provider’s signature:

. Monitor blood pressure (BP) and point-of-care (POC) blood
sugar every 30 min during test if patient is symptomatic.

. Collect serum GH and capillary blood glucose levels at 0, 30,

Date:

Glucagon stim test
(min)

Time

Growth hormone

BG POC

Basal (0)

30

60

90

120

150

180

210

240

BG POC blood glucose point of care
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Chapter 12

GHRH-Arginine GH Stimulation Test

Indication:

Preparation:

1. In order to evaluate patients with suspected GH deficiency

2. In order to assess growth hormone reserve when insulin
tolerance test is contraindicated/not preferred

NPO except water after midnight and during test

Confirm testing with physician prior to proceeding.

Materials needed: Five gold top tubes
GHRH
GH: Arginine
Gold top tube o ) o
Confirm the medication doses with physician.
Assay for GH: GH:Immunoenzymatic Assay
Precautions: Facial flushing occurs immediately after administration of
GHRH in about half of the patients. Paresthesias, nausea, and
abnormal taste sensation occur in 5—10 % patients [1].
Interpretation: Serum growth hormone (<4.1 ng/mL) confirms the diagnosis
of growth hormone deficiency with 95 % sensitivity and 91 %
specificity compared to 96 % sensitivity and 92 % specificity
of ITT (GH <5.1 ng/mL) in patients with BMI >30 [1].
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Suggested GH cut-offs based on BMI [2]
BMI <25 kg/m? Peak GH <11.5 meg/L
BMI 25-30 kg/m? | Peak GH <8 mcg/L
BMI >30 kg/m? Peak GH <4.1 mcg/L
Caveats:

The ARG-GHRH test performs equally well in diagnosing GHD, indicating that
it provides an ideal alternative to the ITT [1].

This test can give a falsely normal GH response in patients with GHD of
hypothalamic origin, e.g., those having received irradiation of the hypothalamic-
pituitary region because GHRH directly stimulates the pituitary [3].

Decreased responsiveness to stimulation tests such as GHRH, ITT, and ARG-
GHRH has been demonstrated in subjects with obesity and/or abdominal
adiposity [4].
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Procedure: Completed as outpatient.

AW N —

. Check the Dynamic Testing Order Sheet.
. Establish hep-lock.

. Draw baseline, timed samples after 30 min of patient rest for GH

. Inject 1 mcg/kg of GHRH IV in a single push followed immedi-

49

ately by 0.5 g/kg (to a maximum of 30 g) of arginine HC1 IV infu-
sion over 30 min as ordered by physician and followed by 10 cc

saline flush.
. Note the time of GHRH and arginine injection.

9]

6. Obtain samples for GH at: 30, 60, 90, and 120 min.

Patient label:

Documentation for medication orders:

Ordering provider’s signature:

Date:

GHRH-arginine test

Time

Growth hormone

Basal (after 30 min of rest)

Post-30 min

Post-60 min

Post-90 min

Post-120 min
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Chapter 13

Growth Hormone Suppression Test
(Post-Glucose Administration)

Indication:

Preparation:

Materials Needed:

Glucose:
Grey top tube

Gold top tube

Growth hormone:

Assay for GH:
Precautions:

Interpretation:

To establish the diagnosis of acromegaly when there is
modest elevation of IGF-1 (<2-fold upper limit of nor-
mal) with absent or equivocal clinical features [1]

10 h fasting
Glucose drink 75 g

Five (5) Gold top tubes labeled baseline, 30, 60, 90 and
120 minutes

Four (4) grey top tubes labeled 30, 60, 90 and 120
minutes

Saline lock/ 22 G angiocath

Immunoenzymatic assay
Patients may complain of nausea.

Diagnosis of acromegaly: Using ultrasensitive assays,
a GH suppression to <0.4 ng/ml is considered the
gold standard test to rule out acromegaly [2]. The GH
cutoff value may vary based on the assay used. The
authors use a GH cutoff value <0.2 ng/mL as a normal
response, using a immunoenzymatic assay at Cleve-
land Clinic [1].

A GH level <1 ng/mL early after surgery, in the absence
of presurgical usage of somatostatin analogs, predict
long-term remission [3].
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Caveats:

* Endocrinologists should be familiar with the assays used in their laboratories,
including the expected normal nadir GH level after oral glucose e [4].

» Elevated IGF-1 levels more than twice the upper limit of normal in patients with
clinical features suggestive of an underlying acromegaly, are usually sufficient
to establish the diagnosis [1].

» Failure of adequate suppression or a paradoxical rise in GH level can be seen in
starvation, anorexia nervosa, and chronic renal failure, but these conditions are
typically associated with low IGF-1 levels.

* GH levels during OGTT have not been well studied in patients with diabetes
mellitus, and in those on estrogen . In the authors’ experience, patients with dia-
betes who are not poorly controlled achieve GH levels during OGTT similar to
those without DM [5].

» A paradoxical GH secretary response to glucose may be seen in premature in-
fants, children of tall stature, and adolescents [6].
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Procedure: Completed as outpatient.

. Establish saline lock.

. Check POC BG.

. Draw baseline growth hormone.

. Give glucose 75 g orally (glucose drink).

. Draw glucose and growth hormone levels at 30, 60, 90, and
120 min [7].

6. (Include insulin levels at baseline, 30, 60, 90, and 120 min only if

requested).

I T

Patient label:

Physician name and signature:

RN performing the procedure:

Additional orders by physician:

GH suppression test | Baseline |30 min | 60 min 90 min 120 min

Glucose
GH
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Chapter 14

Clonidine Suppression Test

Indication:

Patient Preparation:

Materials Needed:

Plasma meta-
nephrines
Lavender-top
(EDTA) tube,

1 ml

Method: liquid
chromatography/
tandem mass
spectrometry
(LC/MS-MS)

Plasma Cat-
echolamines:
Lavender-top
(EDTA) tube or
Green-top (hepa-
rin) tube, 3 ml
Method: High-
pressure liquid
chromatography
(HPLC)

Keep samples
ON ICE

To evaluate for pheochromocytoma when plasma norepi-
nephrine (NE) is 1000-2000 pg/ml and/or plasma normeta-
nephrine (NM) elevation that is less than four times the
upper limit of normal reference range. The test is performed
to distinguish patients with pheochromocytoma from those
with elevated plasma norepinephrine and normetanephrine
levels from other etiologies.

Fasting for 10 h [1].

Clonidine 0.3 mg (0.3 mg dose is recommended for patients
with 60—80 kg body weight, adjusted dose 4.3 pg/kg, maxi-
mum 0.5 mg) [1-2]

4 Lavender-top (EDTA) tube for baseline and 3 h time
points.
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14 Clonidine Suppression Test

Precautions: Sustained hypotension may occur. Keep patient supine

throughout testing.

Patients may experience dry mouth or drowsiness [1]

Interpretation: Criteria for diagnosis of pheochromocytoma: 3 h after cloni-

dine; one of the criteria below confirms the diagnosis [3]:

1. Lack of suppression of NM more than 40% and NM
above upper limit of normal (Sensitivity (sn): 96 %,
specificity (sp):100 %)

2. Elevated plasma concentration of NM above upper nor-
mal reference range (sn: 96 %, sp: 96 %)

3. Elevated plasma concentration of NE above upper nor-
mal reference range (Sn: 71 % and sp: 94 %)

4. Less than 50 % NE suppression (sn 81 %, sp: 82 %)

Caveats:

1.

2.

The test may be associated with hypotension in patients with normal blood
pressure.

In most patients careful evaluation of plasma and urinary metanephrines and
catecholamines of interfering drugs, and their correlation with imaging studies
(if available) may obviate the need for a clonidine suppression test.

. Medications to avoid prior to clonidine suppression test: phenoxybenzamine and

tricyclic antidepressants. Selective Alpha 1 -adrenergic blockers do not inter-
fere with the test and can be used to control hypertension [3—4]. Beta blockers,
calcium channel blockers, and diuretics may affect plasma norepinephrine levels,
but do not have any significant effect on normetanephrine levels [3—4].

. Patients who have relatively low baseline catecholamines levels (<1000 pg/ml)

may have high false positive test results if criteria less than 50 % reduction on
norepinephrine levels is used [3, 5].

. Measurement of plasma normetanephrine levels during clonidine suppression

test provide better diagnostic sensitivity and specificity compared to plasma nor-
epinephrine levels [3].

. The clonidine suppression test cannot be used to evaluate patients with an

elevated plasma metanephrine fraction since clonidine has a minimal effect on
metanephrine levels. Similarly, the clonidine suppression test cannot be used
in patients with rare dopamine secreting pheochromocytomas or measurement
of plasma methoxytyramine (when commercially available); plasma or urinary
dopamine may be used in such patients.
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Procedure:
1
2
3
4
5
6
7
8

Patient label

. Patient to fast for 10 h prior to the test

. Establish a heplock.

. The patient should be relaxed and comfortable in the bed.

. Allow patient to rest undisturbed 20 to 30 min.

. Check blood pressure. If blood pressure is <120/80 mmHg, need
to use caution and may consider postponing the test.

. Draw baseline plasma norepinephrine and plasma normetaneph-
rine. For plasma metanephrines, draw blood in chilled lavender-
top (EDTA) tube. Invert to mix with preservatives (the whole
blood sample may be kept refrigerated at 4°C for as long as 2 h
before centrifugation, if necessary). For plasma catecholamines,
draw blood in lavender-top (EDTA) tube or green-top (heparin)
tube. Invert to mix with preservatives. Place the blood sample on
ice but do not freeze it. The time between blood collection and the
preparation of plasma should be less than 1 h. If the time exceeds
1 h, catecholamine values increase (when blood is kept at 4 °C)
or decrease (when left at 20 °C). Submit separate specimens for
baseline and 3 h time point.

. Give Clonidine 0.3 mg orally with 250 ml of water (0.3 mg dose
is recommended for patients 60—80 kg body weight, adjusted dose
4.3 pg/kg, maximum 0.5 mg).

. Three hours after ingestion of clonidine, record blood pressure
and draw blood samples for plasma norepinephrine and plasma
normetanephrine (keep on ice, but do not freeze it).

Clonidine dose:

Ordering Provider’s Signature: Date
Norepinephrine Normetanephrine | Blood pressure/Heart
rate
Baseline
3h
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Chapter 15

Intravenous Saline Suppression Test

Indication:
Preparation:

Materials needed:

Aldosterone:
Lavender top

Assay for Aldosterone:

Precautions:

Interpretation:

Caveats:

Confirmatory test for suspected primary aldosteronism.
Keep patient supine x 30 min prior to the test start.

Two lavender-top and 2 light green-top tubes, labeled
baseline and at 4 h.

Normal saline: 2 L.

IV infusion set.
Heplock/syringes/needle.

Enzymatic radioimmunoassay (RIA).

Do not perform this test in patients with severe uncon-
trolled hypertension, renal insufficiency, cardiac insuf-
ficiency, cardiac arrhythmia, or severe hypokalemia.

Postinfusion plasma aldosterone levels <5 ng/dL make
the diagnosis of primary aldosteronism (PA) unlikely,
and levels >10 ng/dL are a very probable sign of PA.
Values between 5 and 10 ng/dL are indeterminate [ 1-3].

» Stop all potassium sparing and potassium wasting diuretics for 4 weeks. Stop
beta-adrenergic blockers, central alpha-2 agonists (e.g., clonidine, alpha-methyl-
dopa), non-steroidal anti-inflammatory drugs, angiotensin-converting enzyme
inhibitors, angiotensin receptor blockers, renin inhibitors, dihydropyridine cal-
cium channel antagonists for 2 weeks [1]. Blood pressure can be controlled with
verapamil, prazosin, doxazosin, terazosin, or hydralazine in the meantime [1].

» Potassium levels should be corrected prior to the test [1].
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*  When aldosterone levels are in the indeterminate category, other confirmatory
tests should be performed, such as oral salt loading test or captopril challenge
test [3]. Although Fludrocortisone suppression test has more diagnostic accu-
racy, it requires hospitalization.

* Measuring plasma renin activity (PRA) and/or cortisol does not improve the
diagnostic accuracy performance of the test [4].

 In patients with severe uncontrolled hypertension (BP>180/100 mmHg), delay-
ing the test till better BP control is achieved, or proceeding with the Captopril
challenge test may be considered.
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Procedure:

1. Patient must remain supine throughout test and 30 min prior to
start of the test.

2. Establish Heplock.

3. Obtain baseline blood sample for aldosterone and Basic metabolic
panel (BMP).

4. Infuse 2 L NS over 4 h.

5. Monitor patient for congestive heart failure (CHF) (tachycardia,
dyspnea, leg edema) and blood pressure.

6. At4 h, obtain samples for aldosterone levels and BMP.

Patient label:
Orders:

Ordering Provider’s Signature: Date:

Saline suppression Baseline 4h

Aldosterone

Potassium

Blood pressure
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Chapter 16

Oral Sodium Loading Test

Indication:

Materials Needed:

Aldosterone:
Lavender top

Assay for Aldosterone:

Precautions:

Interpretation:

Caveats:

Confirmatory test for suspected primary aldosteronism
(PA).

Jug for 24 h urine collection.

Enzymatic Radioimmunoassay (RIA).

Do not perform this test in patients with severe uncon-
trolled hypertension, renal insufficiency, cardiac insuf-
ficiency, cardiac arrhythmia, or severe hypokalemia [1].

With  concomitant  urinary sodium  excretion
>200 mEq/24 h and creatinine > 15 mg/kg/24 h for
men and 10 mg/kg/24 h for women respectively; PA
is unlikely if urinary aldosterone is <10 mcg/24 hr.
Elevated urinary aldosterone excretion >12 mcg/24 h
makes PA highly likely [1].

» This test is the most cost-effective test, but the conditions are not strictly con-
trolled and patient compliance on urine collection is a potential limitation [2].

» Stop all potassium sparing and potassium wasting diuretics for 4 weeks. Stop
beta-adrenergic blockers, central alpha-2 agonists (e.g., clonidine, alpha-meth-
yldopa), non-steroidal anti-inflammatory drugs, angiotensin-converting enzyme
inhibitors, angiotensin receptor blockers, renin inhibitors, dihydropyridine cal-
cium channel antagonists for 2 weeks [1]. Blood pressure can be controlled with
one or more of the following agents: verapamil extended release, selective al-
pha-1 blocker (e.g. Doxazosin), and hydralazine [1].
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» Inthe presence of renal disease urinary aldosterone levels may be falsely low [1].

*  When aldosterone levels are indeterminate (urinary aldosterone excretion 10—
12 mcg/24 h) other confirmatory tests should be performed such as the IV saline
loading test or the Captopril challenge test [1]. Although the Fludrocortisone
suppression test may have a better diagnostic accuracy, it requires hospitalization
and is generally not performed in North America.
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Procedure [1]:

Patient label:

. Patients should increase their sodium intake to >200 mmol

(~6 g) per day for 3 days. Hint: 1 flat teaspoon equals 2.3 g
of salt. In circumstances of high sodium dietary intolerance,
patients can be given oral sodium chloride tablets (two 1 g
sodium chloride tablets taken three times daily with food)

. Abasic metabolic panel (BMP) should be obtained prior to the

start of the test to make sure that serum potassium is normal.

. Patients should receive adequate slow-release potassium chlo-

ride supplementation to maintain plasma potassium in the
normal range. Most patients may continue potassium intake
during the salt loading.

. Urinary aldosterone, sodium, potassium, and creatinine is

measured in the 24 h urine collection from the morning of day
3 to the morning of day 4 and the jug is to be returned to the
lab soon after collection is complete. Refrigerate urine during
collection.

. In patients with severe uncontrolled hypertension

(BP>180/100 mmHg), delaying the test till better BP control
is achieved, or proceeding with the Captopril challenge test
may be considered.

OrderingProvider’sSignature: Date:

Oral salt loading

Aldosterone Potassium Sodium

24 h urine
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Chapter 17

Captopril Challenge Test

Indication:
Preparation:

Materials Needed:

PRA and plasma
aldosterone can be
sent in the same tube:
Lavender top tube
Transport: frozen
(critical)

Note: separate plasma
from cells within 60
min of collection.

Assay for PRA
and Aldosterone:

Precautions:

Interpretation:

Caveats:

Confirmation test for suspected aldosterone excess.
Patient should be sitting for an hour prior to the test.

Heplock/syringes/needle.

50 mg of captopril.

Blood tubes for plasma renin activity (PRA) and
aldosterone.

Radioimmunoassay.
Monitor BP hourly.

Plasma aldosterone is normally suppressed by cap-
topril (>30%). In patients with PA, aldosterone
remains elevated (less than 30% suppression) and
PRA remains suppressed [1-3]. In diagnosing APA,
Post captopril A/R ratio>35 has sensitivity and spec-
ificity of 100% and 67.9% compared with 95.4%
and 28.3 % at baseline A/R ratio [3].

» There are reports of a substantial number of false negative or equivocal results

[4, 5].
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* In our institution we use this test when saline suppression or oral salt loading
is not feasible or contraindicated such as in patients with uncontrolled blood
pressure above 180/100.

» At low Na intake (<3 g/day), the saline suppression test (SST) has a higher
negative predictive value than the Captopril challenge test. At a high sodium
intake, SST offers no advantage over the easier-to-perform Captopril challenge
test for the diagnosis of APA [3].

» Stop all potassium sparing diuretics for at least 4 weeks and stop potassium
wasting diuretics, beta blockers, beta-adrenergic blockers, central alpha-2
agonists (e.g., clonidine, alpha-methyldopa), non-steroidal anti-inflammatory
drugs, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers,
renin inhibitors, and dihydropyridine calcium channel antagonists for at least
2 weeks. Blood pressure can be controlled with verapamil, selective alpha 1
antagonists (e.g. prazosin, doxazosin, terazosin) or hydralazine in the meantime.
Potassium levels should be corrected prior to the test [6].

 In patients with severe hypokalemia, a small dose of amiloride (<5 mg) may be
used to control hypokalemia while the patient undergoes confirmatory testing.



17  Captopril Challenge Test 69

Procedure:

Patient label:

Completed as outpatient.

1.
2.
3.

9]

Patient stays seated for 1 h prior to the initiation of the test.

Inset heplock and flush with 3—10 ml of normal saline as necessary.
Administer 50 mg captopril orally at time zero after drawing
baseline blood samples for PRA and Aldosterone.

. Draw blood for PRA and aldosterone at the 60th and 120th min.
. Monitor BP and heart rate hourly.
. Document the dose and time of captopril given and document the

lab results and timing of results.

. Discontinue heplock and discharge the patient

Documentation for medication orders:

Ordering provider’s signature: Date:

Test results

Baseline 60 min 120 min

PRA

Aldosterone
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Chapter 18

Water Deprivation Test

Indication:

1. To confirm diagnosis of diabetes insipidus (DI).
2. To differentiate between central DI, nephrogenic DI, and
primary polydipsia.

Patient Preparation: Initiation of the deprivation period depends on the severity of

Materials Needed:

Sodium:
gold top tube

Osmolality:
gold top tube

Precautions:

the DI; in routine cases, the patient may be made NPO after
dinner or midnight. If polyuria is severe, start NPO early in
the morning of the test (e.g., 6 am) [1]. Desmopressin must
be stopped for at least 24 h prior to the test. Patients should
also avoid alcohol, tobacco, and caffeine starting from the
night prior to the test.

1. Labels and requisitions a/l marked STAT.

2. Several serum separator tubes (SST) for sodium, labeled
baseline and hourly.

. Several SSTs for osmolality, labeled baseline and hourly.

. Several urine cups for osmolality, labeled baseline and
hourly.

5. Several plasma tubes for AVP.

6. DDAVP 2 mcg.

7

8

FENOS)

. 500 cc 3% saline, IV infusion set.
. Heplock/syringes/needles.

Severe dehydration (hypotension, tachycardia) may occur in
patients with true diabetes insipidus. Weight loss should not
be allowed to exceed 5% of initial body weight and blood
pressure should be monitored closely. Do not perform the
water deprivation test in patients with renal insufficiency,
uncontrolled diabetes mellitus, hypovolemia of any cause,
untreated adrenal insufficiency, and hypothyroidism.
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Interpretation: Normal response: Urine osmolality >600 mOsm/kg.

1. If serum osmolality goes above 300 mOsm/kg or serum
sodium goes above (upper limit of normal) ULN while
urine osmolality is less than 300 mOsm/kg primary poly-
dipsia, partial neurogenic, and partial nephrogenic DI
are excluded, and a challenge test with dDAVP 2 mcg SC
is required.

* DDAVP response, 2 h after DDAVP administration:
higher than 50 % increase in urine osmolality indicates
central DI (CDI) and less than 10 % increase strongly
suggests complete nephrogenic DI (NDI) [1, 2].

2. If urine osmolality rises above 300 mOsm/kg before
serum sodium is above the upper limit of normal; com-
plete neurogenic and complete nephrogenic DI are
excluded. Start 3% saline infusion or extend the test if
3 9% saline infusion is not possible. Once serum sodium or
osmolality goal is achieved, draw blood for plasma AVP
level and serum osmolality, and then administer DDAVP
to see the response to DDAVP. See Figs. 18.1 and 18.2.

Caveats:

1. In most patients, differentiation between different etiologies of DI may be
reached by careful review of medical history and prior work up without a need
for performing water deprivation test.

2. If basal serum sodium concentration is above normal while the urine osmolal-
ity is below 300 mOsm/kg H2O, this test is unnecessary and can be potentially
harmful. In this case, skip to the dDAVP challenge test.

3. Observation of the patient for the entire duration of the test is needed to prevent
surreptitious drinking and non-osmotic stimulants of AVP secretion such as
smoking, postural hypotension, vaso-vagal reactions, nausea, and hypotension.

4. If an episode of hypotension or nausea occurs, the entire test may be invalid, and
it may need to be repeated on another day.

5. Complete emptying of the bladder during each collection should be ensured be-
cause the residual volume left in the bladder may dilute the urine of the next
collection, and affect test interpretation. If incomplete emptying is suspected,
creatinine concentration should be measured on each urine sample. Urine creati-
nine concentration multiplied by the urine volume should be quite constant.

6. Plasma AVP should be measured from heparinized blood. Plasma levels from
samples processed with EDTA should not be used because they may contain
variable artifacts that raise osmolality.

7. The osmometer for measurement of serum osmolality needs to be calibrated
frequently against standard solutions. However, most hospital laboratories are
unable to provide this degree of precision. Therefore it is better to rely on mea-
surements of serum sodium concentration, which are determined with sufficient
accuracy by most routine hospital laboratories
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Urine osm rises >300 before Na > ULN

Na > upper limit of normal (ULN) blood osm >300
before urine

Primary polydipsia, partial neurogenic,and
partial nephrogenic DI are excluded

Complete neurogenic and complete nephrogenic DI are excluded

Challenge test with dDAVP

Complete
Nephrogenic DI

Fig. 18.1 Diagnostic algorithm for diabetes insipidus during water deprivation test

Water Deprivation Test in Patients with Diabetes Insipidus
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Fig. 18.2 Results of the water deprivation test on normal subjects (shaded areas) and patients
with the three major forms of diabetes insipidus. Each plotted symbol represents a simultaneous
sampling for two variables: plasma AVP (the antidiuretic hormone, arginine vasopressin) and urine
osmolality (Fig. 18.1a), and plasma osmolality and plasma AVP (Fig. 18.1b). The interrupted lines
denote the limit of the assay for plasma AVP; below the limiting value, no AVP can be detected in
the plasma. (The data come from patients seen by Dr. Gary L. Robertson) [3]
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Water Deprivation Test Procedure Start the test early in the morning. Observe
the patient during the ENTIRE test. Do NOT leave the room unattended.

1. Record body weight and blood pressure after patient empties the bladder.
2. Calculate and document 95 % of this weight on the patient’s chart.
3. At baseline,

a. Draw basic metabolic panel.
b. Draw blood sample for STAT serum osmolality and sodium.
c. Freeze 2 ml of plasma for later assay of AVP.

4. Every 1 h:

a. Record urine volume.
b. Check urine osmolality STAT

5. Every 2 h:

a. Record body weight and blood pressure.
b. Check serum sodium and osmolality STAT.
c. Freeze 2 ml of plasma for later assay of AVP.

6. Stop the test when:

* The serum sodium is > ULN or
* Body weight decreases by 5% or
* The patient develops hypotension, SBP >100.

7. Obtain a plasma AVP level at the end of the test when serum sodium is >ULN.
8. Administer dDAVP (2 pg) sc and continue following urine osmolality and vol-
ume every 30 min for an additional 2 h. At this point, the test is completed.

If the serum sodium stays < ULN or the serum osmolality is <300 mOsm/kg H20
when the urine osmolality is >300, then consider infusion of hypertonic saline (3 %
NaCl at a rate of 0.1 ml/kg/min for 1-2 h) to reach these endpoints. Measure serum
sodium STAT every 30 min until Na+ is above ULN. Measure plasma AVP in the
same samples.

Patient label:
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Orders:
Ordering Provider’s Signature: Date:
Time BP | Weight | Urine | Urine | Serum | Serum | Plasma | Plasma
volume | osmo- | sodium | osmo- | AVP AVP
lality lality |basal |Po%

Baseline

95 % of initial body weight=
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Dynamic Tests in Thyroid Disorders



Chapter 19
Thyroid Cancer Follow-Up: Withdrawal

Protocol
Day Date What to Do

0 | Day and Date Have baseline TSH and Thyroglobulin drawn if not
done in the past 60 days. Stop L-thyroxine medication
beginning on day 0

7 | Day and Date One week after stopping L-thyroxine, begin Cytomel 25
or 37.5 mcg per day (Circle one dose) for 2 weeks

21 | Day and Date Stop Cytomel

28 | Day and Date Start low lodine diet

35 | Day and Date Have TSH, Thyroglobulin lab work

37 | Day and Date Start collecting (24 h urine for iodine/creatinine)
from 8 a.M. to 8 A.M. (next day) take it to lab prior to
appointment

38 | Day and Date Report to nuclear medicine for tracer dose of '3'T in
preparation for neck scan next day

40 | Day and Date Report to nuclear medicine for a whole body scan in
the morning (48 h after tracer dose ingestion). You may
receive RAI treatment dose on this day, if indicated as
per your endocrinologis. If female age is <55, have
pregnancy test done prior

Day and Date Report to nuclear medicine for total body scan if you
have received radioactive iodine treatment dose
Start LOW IODINE DIET Date:

Name and Signature, RN:
Name and Signature, MD:
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Thyroid Cancer Follow-Up: Thyrogen
Injection with No Scan

Day Date What to do
1 Day and date Have labs (thyroglobulin) drawn

If female of age 55 or under, have a pregnancy
test done prior to thyrogen injection

First thyrogen injection given by the nurse

Day and date Second thyrogen injection given by the nurse

Day and date Have labs (thyroglobulin) drawn at main campus
or satellite

Name and Signature, RN:
Name and Signature, MD:

© Springer International Publishing Switzerland 2015 81
A. B. Ergin et al., The Cleveland Clinic Manual of Dynamic Endocrine Testing,
DOI 10.1007/978-3-319-13048-4_20



Chapter 21

Thyroid Cancer Follow-Up: Thyrogen Injection
with Scan With/Without Treatment

Day | Date and time

‘What to do

—14 | Day and date

Start with low-iodine diet. Continue this diet until after you have
your blood work done on Day 5

1 Day and date

Have labs (TSH and thyroglobulin) drawn in the morning prior to
thyrogen injection

If female of age 55 or under, have a pregnancy test done prior to
thyrogen injection

First thyrogen injection given by nurse in the morning. Come back
tomorrow for the second thyrogen injection

2 Day and date

Second thyrogen injection given by nurse in the morning

Report to nuclear medicine for a radioactive iodine (RAI) tracer
dose in the afternoon

3 Day and date

Report to nuclear edicine for a whole body scan in the morning
(48 h after tracer dose ingestion). You may receive RAI treatment
dose on this day, if indicated as per your endocrinologist. If female
age is<55, have a pregnancy test done prior

5 Day and date

Have labs (thyroglobulin) drawn 72 h after you had your injections

You may stop your low-iodine diet after your blood work

Name and Signature, RN:

Name and Signature, MD:
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Reconstitution, Preparation, and Administration
of THYROGEN (Obtained from Prescribing Information)

The supplied lyophilized powder must be reconstituted with sterile water for injec-
tion. THYROGEN should be prepared and administered in the following manner:

* Add 1.2 mL of sterile water for injection to the vial containing the THYROGEN-
lyophilized powder.

» Swirl the contents of the vial until all materials are dissolved. Do not shake the
solution. The reconstituted THYROGEN solution has a concentration of 0.9 mg
of thyrotropin alfa per mL.

» Visually inspect the reconstituted solution for a particulate matter and discolor-
ation prior to administration. The reconstituted THYROGEN solution should be
clear and colorless. Do not use if the solution has a particulate matter or is cloudy
or discolored.

»  Withdraw 1 mL of the reconstituted THYROGEN solution (0.9 mg of thyrotro-
pin alfa) and inject intramuscularly in the buttocks. The reconstituted THYRO-
GEN solution must be injected within 3 h unless refrigerated; if refrigerated, the
reconstituted solution may be kept for up to 24 h.

» Discard unused portions. Do not mix with other substances.
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Levothyroxine Absorption Test

Indication: To assess poor oral absorption of levothyroxine (LT4), and
assist the clinician in differentiating true malabsorption from
pseudomalabsorption (patient nonadherence).

Preparation: Ten-hour fasting.

Materials Needed: Hep-lock/syringes/needle
1000 mcg of LT4

Total T4:

Electro Blood tubes for total or freeT4 measurement
chemilumi-

nescence

Imunoassay,

light green

top.

Transport:

refrigerated

Precautions: Supervise patient continuously during the procedure.

Interpretation: Absorption is calculated by using the following formula [1]:
% LT 4 absorption =[(peakA Totalor free T4 x vd (dL)

+administered doseof LT4 (ug)]x100].
Volume of distribution (Vd) in deciliters: 4.42 xbody mass
index [1].
More than 60—80 % absorption is considered normal and rules
out levothyroxine malabsorption [2, 3].
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Biological Causes of Levothyroxine Malabsorption
or change in metabolism or requirement [4]

Gastrointestinal Diseases

Celiac disease

Lactose intolerance

Vitamin B12 deficiency

Intestinal infections

(Giardia lamblia)

Liver diseases such as cirrhosis

Obstructive liver disease

Pancreatic diseases—Pancreatic insufficiency
Previous gastrointestinal surgery jejunostomy
Jejunoileal bypass

Short bowel syndrome

Medication Interference
Cholestyramine
Colestipol

Aluminum hydroxide-containing antacids
Ferrous sulphate
Sucralphate

Propranolol

Laxatives

Calcium supplements
Lovastatin

Bile acid sequestrants [1].
Activated charcoal

Anion exchange resins
Phenytoin

Phenobarbital
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Carbamazepine
Rifampin
Amiodarone

Estrogen therapy

Dietary Interference
Walnuts

Soybean

Prunes

Herbal remedies

Others
Congestive heart failure

Pregnancy

Caveats:

87

» Before proceeding with this test, the biological causes of levothyroxine malab-

sorption should be evaluated as listed below.
* Obesity may cause overestimation of absorption.

» This test is not a well-established test in clinical practice. The value of this test

should be weighed against risks and cost in each individual patient.
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Procedure:

1. Perform the test after an overnight fast.

2. Hold all nonessential medications.

3. Insert hep-lock and flush with 3—-10 ml of normal saline as
necessary.

4. Have patient ingest 1000 mcg of levothyroxine.

5. Draw blood for total T4 levels at baseline before ingestion of

LT4.

Draw blood for total T4 levels hourly for 5 h.

Monitor BP and heart rate hourly.

8. Document the dose and time of LT4 given and also document
the lab results with timings.

9. Discontinue hep-lock.

=n o

Patient label:

Documentation for medication orders:

Ordering provider’s signature Date:

Dose, time and date of LT4 given- Dose: Time: Date:

Results | Baseline Time | 60 min 120 min | 180 min |240 min | 300 min
TT4
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Seventy Two Hours Fast for Insulinoma

Indication:

Contraindication:

Preparation:

Materials Needed:

To confirm and determine the cause of suspected spontane-
ous hypoglycemia.

Pregnancy, liver or kidney failure, unstable angina.

No special preparation is needed. Patient can have breakfast
on the day of testing if hypoglycemia develops frequently.

Blood tubes in sufficient amount for testing should be ready
at bedside:

Maximum of three tubes to be used for one set of testing: one
gold top tube for insulin, pro-insulin, and c-peptide in addi-
tion to a grey top tube for fasting blood glucose (BG), green
top tube for beta-hydroxybutyrate.

Insulin: Gold top tube, 1 ml. Methodology: chemilumines-
cence immunoassay

Pro-insulin gold top tube, 1 ml. Assay: methodology: che-
miluminescence immunoassay transport: centrifuge, aliquot,
and freeze (keep in ice until delivered to the lab)

C-Peptide: Gold top tube, 1 ml. Methodology: chemilumi-
nescence immunoassay

Fasting glucose grey-top tube, 1 ml. Methodology: glucose
hexokinase

Beta hydroxybutyrate green-top tube, 1 ml. Methodology:
enzymatic

A syringe containing 50 % glucose solution.
Glucagon 1 mg intravenously injectable.

Heplock/syringes/needle
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Precautions: All patients must be warned that they will be fasting, and
unable to leave the clinic/ward unaccompanied during the
test before starting.

Have D50 and glucagon ampule ready in case of emergency.

Interpretation: See table [1] below for interpretation.

Symptoms,| Glucose | Insulin | C-peptide | Proinsulin | B-Hydroxy | Glucose | Circulating| Antibody | Diagnestic
signs, or | (mg/dl) | (U/ml | [nmol/liter) (pmol/liter) -butyrate | increase oral fo inslin |  inter-
both |

[mmol/liter)|  aher hypo- | pretation
glucogon | glycemic
(mg/dl) |
Neo <55 <3 <02 <5 >27 <25 Neo Neo | Normal
Yes <55 »3 <02 <5 <27 »25 Mo Neg [Pos) | Exogenous
| insulin
. . + . + + + + 1
Yes <55 23 202 25 £27 >25 No Neg | Insulinoma,
| PGBH
1 | i i ! | { 1 4
Yes <55 23 202 25 27 »25 Yes Neg Oral
hypo-
| ghyeemic
" + 4 3 + + + + n oo
<55 »3 »0.2 »5 $27 >25 No Pos | Insulin
|autoimmune
i { i i 4 { {
Yes <55 <3 <02 <5 <27 >25 No Neg | IGF
Yes <55 <3 <02 <5 =27 <25 No MNeg | Not insulin
for IGF)-
;mldldbd

Caveats:

» It is equally important that the blood samples and laboratory slips be carefully
labeled, particularly with the exact time, and that the labeling information be
recorded on a flow sheet. Later interpretation of the results is possible only with
this detail.

* Young, lean, healthy women may have plasma glucose concentrations in the
range of 40 mg/dL (2.2 mmol/L) or even lower after prolonged periods of fasting
[2]. A low plasma glucose value is necessary but not sufficient for the diagnosis
of hypoglycemia. Do not stop the tests other than the conditions specified in
the procedure. Careful questioning and testing for subtle symptoms or signs
of hypoglycemia should be conducted repeatedly when the patient’s plasma
glucose is near or in the hypoglycemic range.

» The sensitivity and specificity of the established diagnostic parameters: Insulin
(=3 pU/ml), 93 and 95 %; C-peptide (=0.2 nmol/ml), 100 and 60 %; proinsulin
(=5 pmol/L), 100 and 68 %; BHOB (<2.7 mmol/L), 100 and 100 %; and plasma
glucose response to iv glucagon (>25 mg/dl), 91 and 95 %, respectively [3].

» The specificity of these parameters was improved when compared with normal
patients whose plasma glucose at the end of a prolonged fast was 50 mg/dl or
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less: insulin, 100 %; C-peptide, 78 %; proinsulin, 78 %; and glucose response to
glucagon, 100 % [3].

* About 6% of insulinomas present as postprandial hypoglycemia, and other
disorders such as nesidioblastosis may also present with postprandial hypogly-
cemia. Mixed meal test may have a role in evaluation of such patients.
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Procedure:

W

NS vk

10.

11.

. Date the last ingestion of calories.

. Document the baseline vital signs.

Stop all foods and drinks except calorie free and caffeine free
beverages and water.

Ensure that the patient is active during waking hours.
Insert heplock.
Flush heplock with 3—10 cc ml normal saline as needed.

Draw blood for baseline labs for 5 tests: insulin, pro-insulin,
C-peptide, fasting glucose, beta hydroxybutyrate.

Check finger stick blood sugar every 2 h until BG is 60 mg/dl
or less.

Check finger stick blood sugar every 1 h after BG is 60 mg/dl
or less.

Send stat blood for the 5 fests as above after fingerstick BG is
less than 60 mg/dl and then every 1 h (insulin, glucose, c-pep-
tide, beta hydroxy butyrate). Samples should be analyzed only
in those samples in which the plasma glucose concentration is
less than 45 mg/dl (2.5 mmol/L).

Important note: The decision to end the fast must not be
made on the basis of a fingerstick BG value. If it is judged
necessary to treat urgently because of severe symptoms, ob-
tain samples for all the tests noted above before administer-
ing carbohydrates.

Recommend to draw blood twice a day regardless of BG
levels. In some cases the trend in the levels can help clini-
cians with interpretation,

End the fasting when:

* plasma glucose concentration is<45 mg/dL (2.5 mmol/L) in
plasma (not in fingestick) in an asymtopmatic patient after
careful evaluation (see caveats) or

* patient has symptoms or signs of hypoglycemia when BG
is<45 mg/dL in plasma or

* plasma glucose concentration is less than 55 mg/dL
(3 mmol/L) if Whipple’s triad was documented on a prior
occasion or

* 72 h have elapsed
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After ending the test send blood samples STAT for the
following:

Insulin, pro-insulin, C-peptide, fasting glucose, beta hy-
droxybutyrate, and hypoglycemia panel that include sulfo-
nylurea screen and other insulin secretagogues.

12. Give |1 mg glucagon intravenously and recheck plasma glucose
10, 20, and 30 min later. Patient should be then fed right away
after last blood draw.

Patient label:

Documentation for medication orders:

Ordering Provider’s Signature: Date:
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Chapter 24

Glucagon Stimulation

Indication:
Contraindication:

Preparation [1:]

Materials Needed:

Assay for C-peptide:

Precautions:

Interpretation:

Assessment of beta cell reserve.
Patients with type 1 diabetes mellitus.
NPO except water after midnight and during the test.

Ten hours after the last dose of short-acting or intermedi-
ate-acting insulin, metformin or thiazolidinedione.

At least 24 h after a dose of sulfonylurea or long-acting
insulin (glargine or detemir).

Three gold top tubes, glucagon
C-peptide: Gold top tube
Transport: Refrigerated.
Chemiluminescence immunoassay.
None.

Beta Cell functional reserve was defined as preserved if
the peak C-peptide response to glucagon is at least 1.5 ng/
dL (0.5 nmol/L) or fasting C-peptide concentration of at
least 1 ng/dL (0.33 nmol/L). Beta cell functional reserve
is defined as absent if the glucagon stimulated or fasting
C-peptide concentrations do not meet these criteria [1].

Patients who do not have preserved beta cell function by
the above protocol should not undergo a trial of insulin
withdrawal.

© Springer International Publishing Switzerland 2015 101
A. B. Ergin et al., The Cleveland Clinic Manual of Dynamic Endocrine Testing,
DOI 10.1007/978-3-319-13048-4 24



102 24 Glucagon Stimulation

Caveats:

» Above cut-points were established using the radioimmunoassay (RIA) for
human C-peptide. They have been shown to accurately predict beta cell func-
tion and glycemic control after 1 year [2, 3]; however, they have not as yet been
standardized across other newer C-peptide immuunoassays.

* Measurement of beta cell antibodies also helps in understanding underlying pa-
thology although immediate insulin dependence can be more sharply estimated
by measurement of basal or stimulated C-peptide levels.

» For patients with diabetic ketoacidosis (DKA) and the typical type 1 diabetes
clinical phenotype (young, thin), it may not be necessary to measure C-peptide
levels. These patients should be maintained on insulin.
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Procedure:

Patient label:

Ensure patient is fasting from midnight.

Weigh patient and document it.

Insert intravenous cannula (hep-lock) for intravenous access
between 7:30-8 A.M.

Obtain baseline C-peptide levels.

Administer glucagon intravenously 1 mg. Confirm the medica-
tion doses with physician.

Obtain blood samples for C-peptide 5 and 10 min after the glu-
cagon infusion.

Discontinue hep-lock.

Documentation for medication orders:

Ordering provider’s

signature: Date:

Glucagon stim test

Time C-peptide

Basal (0 min)

5 min

10 min
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Chapter 25

Mixed Meal Hypoglycemia Test

Indication:
Preparation:

Materials needed:

Precautions:

Interpretation:

Patients with suspected postprandial hypoglycemia.
10 h fasting.

Ensure plus high protein drink (6 ml’kg with max dose of
360 ml)

Blood tubes in sufficient amount for testing should be ready
at bedside:

Maximum three tubes for one set of testing: One gold top tube
for insulin, pro-insulin and c-peptide, grey top tube for fasting
BG, and green top tube for beta-hydroxybutyrate.

Insulin: gold top tube, methodology: chemiluminescence
immunoassay

Pro-insulin gold top tube, methodology: Chemiluminescence
immunoassay, transport: centrifuge, aliquot and freeze (keep
on ice until delivered to the lab)

C-Peptide: gold top tube, methodology: chemiluminescence
immunoassay

Fasting glucose: grey top tube, Methodology Glucose
hexokinase

Beta hydroxybutyrate: green top tube. Methodology
Enzymatic

A syringe containing 50 % glucose solution.

Glucagon 1 mg intravenously injectable.
Heplock/syringes/needle.

Have D50 and some fruit juice ready in case of emergency.

Standards for the interpretation of the mixed-meal test have not
been established. Current clinical usage is to apply the same
criteria developed under fasting conditions for insulinoma
to the results from a mixed-meal challenge [1]. See Table 1
for interpretation.
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Table 1 Patterns of findings during fasting or after a mixed meal in normal individuals with no
symptoms or signs despite relatively low plasma glucose concentrations (i.e., Whipple’s triad
not documented) and in individuals with hyperinsulinemic (or IGF-mediated) hypoglycemia or
hypoglycemia caused by other mechanisms

Symptoms,| Glucose | Insulin | C-peptide | Proinsulin | B-Hydroxy | Glucose | Circuloting| Antibody | Diagnostic
signs, or | (mg/dl) | (1U/ml |(nmol/liter)|(pmol/liter]| -butyrate | increase oral 1o insubin inber-
both S

|(mmol/liter))  alter hrpcr_ prefoton
W M
| (mg/di)
No el | o | <2 | «B [ 7 | <B | & No | Noemal
Yes <55 | »3 <02 <5 <27 >25 No Neg (Pos) | Exogencus
| insubn
Yes <55 23 202 25 27 >25 Neo Neg | Insulinoma,
NIPHS,
PGBH
Yes <5 | 23 202 25 <27 > 25 Yes Neg Oral
hypo-
glycemic
. + . + . - + - -
Yes <55 »3 »0.2 »5 <27 > 25 No Pos Inswlin
Yes <55 <3 <02 <5 <27 > 25 No Neg IGF’
Yes <55 <3 <02 <5 >2.7 <25 No MNeg Mot insulin
for IGF)-
mediated

If a patient is symptomatic and blood glucose is normal, diag-
nosis of postprandial syndrome can be made.

Caveats:

» Anoral glucose tolerance test should never be used for the evaluation of suspected
postprandial hypoglycemia [2] because the nadir for blood glucose concentration
after the ingestion of 100 g of glucose may fall into the hypoglycemia range in
normal, asymptomatic individuals [3].

* Postprandial (reactive) hypoglycemia is a descriptor of the timing of
hypoglycemia and is not a diagnosis. When biochemical evidence of postpran-
dial hypoglycemia is confirmed, the cause must be determined. Samples should
be analyzed only in those time points in which the plasma glucose concentration
is less than 45 mg/dl (2.5 m mol/l).
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Procedure:

. Perform the test after an overnight fast.
. Hold all nonessential medications.
. Have the patient drink ensure plus high protein drink (6 ml/kg

with max dose of 360 ml).

. Draw blood for plasma glucose, insulin, C-peptide, and pro-

insulin at 15, 30, 60, 90, and 120th minute and at 3rd, 4th,
and finally at 5th hour (see number 7). Observe the patient for
symptoms and/or signs of hypoglycemia, and ask the patient to
keep a written log of all symptoms, timed from the start of meal
ingestion. If possible, avoid providing carbohydrate or food
until the test is completed [4].

. If it is necessary to treat a patient because of severe symptoms

prior to the end of the test, obtain samples for plasma glu-
cose, insulin, C-peptide, and proinsulin before administering
carbohydrates.

. Samples for plasma insulin, C-peptide, and proinsulin should

be sent for analysis only for those sampleswhich have plasma
glucose less than 60 mg/dl (3.3 m mol/l).

. Send blood for sulfonyluera and metiglinide panel.

Glucose(Time)

e.g45(3:12p)

Symptoms

Y/N

Insulin | C -peptide | Proinsulin |B - OH butyrate | BG increase after Antibody to | SU screen

glucagon>25mg/dl | insulin Y/N positive

Y/N Y/N

Patient label:

RN performing the procedure:

Ordering Provider’s Signature: Date:
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Secretin Stimulation Test

Indication:

Preparation:

Materials Needed:

Assay for Gastrin:

Precautions:

Interpretation:

Caveats:

This test is performed in order to differentiate gastrinomas
from other causes of hypergastrinemia.

NPO except water after midnight and during the test.
Tapering patients off proton pump inhibitors (PPI) by replac-
ing them with other antacids is preferable.

Seven gold top tubes, Secretin.

Gastrin: Gold top tube.
Transport: Frozen, separate serum from cell as soon as
possible.

Radioimmunoassay (RIA).
None.

Arise in gastrin level > 120 pg/ml compared to baseline at any
point of time post-secretin infusion has 94 % sensitivity and
100 % specificity to diagnose gastrinoma [1].

» The standard secretin stimulation test is performed with patients off antacids and
anticholinergics for at least 12 h. Although some experts suggests that PPI does
not interfere with interpretation of gastrin levels during secretin stimulation test-
ing, others recommend gradual tapering of PPI to prevent a rebound increase in
gastric acid secretion [2]. This area is not adequately studied.

» Serum chromogranin A levels, although nonspecific, may support a diagnosis of
neuroendocrine tumor, especially if significant elevated [3].

» Gastrin levels usually peak in the first 2—10 min.
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Procedure [1]:

Ensure that patient fasts from midnight.

Insert intravenous cannula (heplock) for intravenous access.

Obtain two baseline gastrin levels.

Administer secretin 0.4 pg/kg intravenously over 1 min. Con-

firm the medication doses with physician.

5. Obtain blood samples for gastrin 2, 5, 10, 15, and 20 min after
the secretin infusion.

6. Discontinue heplock.

Rl et

Patient label:

Documentation for medication orders:

Ordering Provider’s Signature: Date:

Glucagon stim test Time Gastrin
Basal(0 min)-twice
2 min

5 min

10 min

15 min

20 min
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Inferior Petrosal Sinus Sampling

Indication:

Preparation:

Precautions:

Interpretation:

In order to differentiate between ectopic ACTH syndrome (EAS)
and Cushing’s disease (CD) in patients with ACTH-dependent
Cushing’s syndrome.

Patient should be in fasting state. The authors measure serum
cortisol level in the morning of the day inferior petrosal sinus
sampling (IPSS) is planned and only proceed with the procedure
if cortisol is > 10 mcg/dL. Most patients have a cortisol > 15 mcg/
dL.

The incidence of serious complications, such as a cerebrovascular
accident, is 0.2 % when the procedure is performed by an experi-
enced radiologist [3].

A central-to-peripheral plasma ACTH gradient of >2.0 before
CRH administration, or 23.0 after corticotropin-releasing hor-
mone (CRH) establishes a pituitary source of ACTH; the gradient
is usually much greater, especially after CRH injection.
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Caveats:

Sensitivity and specificity of IPSS is >88% and close to 100% after CRH ad-
ministration respectively [1].

In cases where the IPS to peripheral (IPS:P) ACTH gradient is not consistent
with a pituitary source, peripheral ACTH response (>35 %) to CRH administra-
tion suggests central etiology rather than ectopic source [5].

Radiologic confirmation of placement of catheter tip in IPS may not be reliable [4].
IPS:P prolactin ratios greater than 1.8, confirm accurate catheterization [2]. Most
patients with appropriate IPS catheterization have a gradient > 1.3 [5]. Prolactin
may be measured routinely during IPSS, or in order to cut back on the cost, be
stored and measured later on if IPS:P ACTH ratio is not consistent with a pitu-
itary source.

In the absence of appropriate bilateral IPS catheterization, which may be con-
firmed by measurement of IPS:P prolactin ratio, a lack of significant IPS:P
ACTH gradient does not rule a pituitary source as the underlying etiology for
Cushing’s syndrome. In addition, confirmation of accurate venous sampling in
only one IPS may not rule out a pituitary source in the contralateral side of the
pituitary gland due to variable venous drainage [4].

Petrosal sinus sampling is of limited value in distinguishing between patients
with Cushing’s syndrome and normal individuals or those with pseudo-Cush-
ing’s states. Therefore, a diagnosis of ACTH-dependent Cushing’s syndrome
should be established before referring a patient for IPSS [6].
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Chapter 28

Adrenal Venous Sampling

Indication:

Preparation:

Precautions:

Interpretation:

In order to distinguish between unilateral and bilateral adrenal
disease in patients with primary aldosteronism [1].

Patient should be in fasting state. The test should be done in the
morning, with the patient in the supine position for at least 1 h
before sampling [2]. Patient should be normokalemic prior to
procedure.

At centers with experience with AVS, the complication rate is
2.5% or less [3, 4].

1. Confirm successful catheterization

With cosyntropin infusion, the adrenal vein (right and left) to [IVC
cortisol ratio is typically more than 10:1; a ratio of at least 3:1 is
required to be confident that the adrenal veins were successfully
catheterized [4]. When cosyntropin infusion is not used, an adre-
nal veinto IVC cortisol gradient of more than 2:1 is recommended
[5, 6]. Most institutions perform AVS with cosyntropin stimula-
tion.

2. Correct aldosterone levels for cortisol and interpret A/C
ratios in order to localize the tumor side.

Dividing the right and left adrenal vein plasma aldosterone con-
centrations by same-sided cortisol concentrations (A/C ratio)
corrects for the dilutional effect of the inferior phrenic vein flow
into the left adrenal vein; these are termed cortisol-corrected
ratios (A/C ratio).

When cosyntropin infusion used criteria for localization is a cut-
off for the cortisol—corrected aldosterone ratio (A/C) from high
side to low side of more than 4:1 to indicate unilateral aldoste-
rone excess [2], the true positive rate is 88 % [6].
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* AnA/Cratio less than 3.0 is consistent with bilateral aldoste-
rone hypersecretion.
» Ratios between 3 and 4.0 represent a zone of overlap.

If the A/C ratio of low side is less than the IVC A/C ratio, the
tumor will be on the contralateral site in 93 % of patients with
surgically confirmed APA [4]. This criterion may be particularly
helpful in patients with only unilateral successful adrenal vein
catheterization.

Caveats:

* We do not recommend AVS testing without cosyntropin stimulation due to high
false positive rates [7].

* Medications that may increase renin secretion (e.g., mineralocorticoid receptor
(MR) antagonists [spironolactone and eplerenone], high-dose amiloride [i.e., >
5 mg/day], ACE inhibitors, ARBs, and renin inhibitors [e.g., aliskiren]) should
be discontinued for at least 4 weeks before AVS until more data on the accuracy
of AVS in their presence is available [2]. It is plausible that keeping a patient
with a history of severe uncontrolled hypertension and/or hypokalemia on these
agents may be allowed in the presence of low renin (<1 ng/mlhr) levels. How-
ever, wherever possible, MR antagonists should be avoided because they have
the potential to allow a rise in renin secretion, which can stimulate aldosterone
secretion from the unaffected side, thus minimizing the lateralization. Such an
approach is in line with our institutional experience.

» Preferably, extended release verapamil, peripheral alpha adrenergic receptor an-
tagonists (e.g. doxazosin, terazosin and prazosin), and hydralazine should be
used for blood pressure control prior to AVS.
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Procedure: An institution-specific protocol should be developed by an inter-
ested group of endocrinologists, radiologists, and laboratory
personnel.

Cortisol | Aldoste- | A/C | A/C dominant A/C non dominant
rone A/C non-dominant | A/C AVC
Right AV
Left AV
Low IVC
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