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Abstract 

 

Pituitary-dependent Cushing syndrome (CS), referred to herein as Cushing Disease 

(CD), is the most common cause of endogenous CS. The challenge for diagnosing 

CD includes difficulty identifying the often small pituitary tumors by MRI. In addition, 

the tumors responsible for Ectopic Adrenocorticotropic Hormone (ACTH) dependent 

CS (EADCS) may also be difficult to localize by imaging. Bilateral Inferior Petrosal 

Sinus Sampling (BIPSS) plays a key role in these patients to determine if the source 

of ACTH hypersecretion is CD or EADCS. 

 

This MD thesis work reviewed in detail, 20 years of BIPSS clinical cases at the Mayo 

Clinic Rochester MN USA (1998-2018) and determined the efficacy of BIPSS in the 

diagnosis of CD. In addition it also compared the diagnostic accuracy of BIPSS versus 

Bilateral Internal Jugular Venous Sampling (BIJVS) and correspondingly examined the 

ability of the periperhal ovine Corticotropin Releasing Hormone (oCRH) stimulation 

test to distinguish between CD and EADCS. 
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Chapter 1  Introduction 

“Nothing great or new can be done without enthusiasm. Enthusiasm is the fly-wheel 

which carries your saw through the knots in the log” 

Harvey Cushing (1869-1939) 

Background 

Mayo Clinic, Rochester, Minnesota, USA is considered one of the world’s most 

prestigious academic medical centres. It was established in 1884 by William Worrall 

Mayo and his two sons Will and Charlie Mayo. It currently has over 63,000 employees 

including 5,000 physicians and scientists.  It is consistently ranked as the number one 

hospital in the USA across a range of medical specialities (Blistein et al, 2018). 

 

 

Figure 1 Mayo Clinic Gonda Building, Rochester, MN USA. 

 

This thesis work arose from its author, Dr. Derek O’Keeffe caring for a patient with 

Cushing’s disease while doing his Clinical Endocrinology Fellowship at Mayo Clinic 

(2012-2015). At the time, he was working with Prof Bill Young, a world expert in the 

management of Cushings Disease and as part of the diagnostic workup of the patient, 

Bilateral Inferior Petrosal Sinus Sampling (BIPSS) was employed to elucidate the 

source of ACTH overproduction. Given his dual training as an engineer and physician, 

Dr. O’Keeffe was intrigued at the use of this medical technology in the care of the 

patient with Cushings Disease and as part of his academic reading, realised that there 

was a paucity of contemporary evidence of the real world effectiveness of BIPSS in 

the literature. After discussion with Prof Young, he was encouraged to review the full 
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20 years of BIPSS data (1998-2018) from the Electronic Medical Record at Mayo 

Clinic to establish diagnostic insights from its clinical use in a large international tertiary 

referral hospital. 

 

Harvey Cushing 

Harvey Cushing (1869-1939) was a pioneering American Neurosurgeon who 

described Cushings Disease. He was also an accomplished author, winning the 

Pulitzer Prize for his biography of another famous physician William Osler (Life of Sir 

William Osler, Oxford University Press 1925). 

 

Harvey Cushing 1938 

He was a Professor of Surgery at Harvard Medical School and made several 

significant contributions to medicine including: 

 Describing the Cushing reflex which is a physiological nervous system 

response to increased intracranial pressure that results in Cushing's triad of 

increased blood pressure, irregular breathing, and bradycardia.  

 Introduction of Blood Pressure measurement to North America from Europe 

and making it a vital sign in clinical medicine. 

 Development of Electrocautery for surgical procedures 

 Using X-Rays to diagnose brain tumours 

 Cushings Disease which he described in 1912 caused by a malfunction of the 

pituitary gland which he termed "polyglandular syndrome” 

 Inventing surgical tools including the Cushing forceps and ventricular cannula 
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Thesis Layout 

This thesis research work is divided into the following chapters, which includes 3 

journal article manuscripts: 

Chapter 1: Introduction  

Background to evolution of research hypothesis and summary of thesis 

structure that answers the question. 

Chapter 2: Cushing Syndrome 

Review of the clinical syndrome of hypercortisolism including its clinical 

features, epidemiology, diagnostic testing and management. 

Chapter 3: Diagnostic Tests 

Since the thesis deals with the topic of a diagnostic test, it is important 

to outline the features of a diagnostic test and its use in medicine. 

Chapter 4: 20 Years BIPSS at Mayo Clinic 

This manuscript (Target: JCEM) deals with the experience of BIPSS at 

Mayo Clinic over twenty years (1998-2018) 

Chapter 5 BIPSS vs JVS at Mayo Clinic 

This manuscript (Target: Radiology Journal) outlines the difference in 

diagnostic accuracy between BIPSS and JVS in our cohort 

Chapter 6 oCRH Test for the Diagnosis of CD 

This manuscript (Target: Clinical Endo) outlines the diagnostic accuracy 

of the oCRH stimulation test in the diagnosis of Cushing Disease. 

Chapter 7 Conclusion 

  This chapter summaries this thesis works contribution to the field. 

 

References: 

Bilstein D, Burns K.  The Mayo Clinic: Faith, Hope, Science Rosetta Books; 1 edition 

(September 18, 2018) ISBN-10: 1948122294 
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Chapter 2   Cushings Syndrome 

“A physician is obligated to consider more than a diseased organ, more even than 

the whole man - he must view the man in his world” 

Harvey Cushing (1869-1939) 

 

Cushing syndrome occurs as a result of increased circulating steroids (endogenous or 

exogenous). The symptoms and signs of CS arise from chronic exposure to excess 

glucocorticoid. Suspicion for CS diagnosis arises when characteristic features occur 

in a patient, however few of them are pathognomonic of CS in isolation, which makes 

the clinical diagnosis of CS challenging. For example hypertension and obesity are 

common in individuals without CS. The CS characteristic features can present from 

subclinical to overt depending on amount and duration of increased steroid exposure. 

A noteworthy clinical pearl is the simultaneous development and severity of several 

features often suggests glucocorticoid excess (Nieman et al, 2019) 

 

Figure 2.0 Features of Cushing Syndrome (Lonser et al, 2017) 
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Clinical Features 

CS affects many of the bodies systems including metabolic, dermatologic, 

cardiovascular, musculoskeletal, reproductive, immune and psychological. Listed 

below are examples of common and less common features of CS [Nieman, 2015]. It 

is noteworthy however that those marked with an asterisk are more specific for CS.  

 

Common: 

 Cushingoid facies (plethoric, moon shaped face) * 

 Hirsuitism 

 Obesity 

 Decreased libido 

 Menstrual changes 

 Dorso-cervical fat pad * 

 Hypertension 

 Ecchymoses * 

 Glucose intolerance 

 Lethargy, Depression 

Uncommon: 

 Purple Striae * 

 Proximal myopathy * 

 Osteopenia / Fragility fracture  

 Recurrent infections / Poor wound healing 

 Muscle Wasting * 

 Thinning hair 

 

Epidemiology 

There are several causes of Cushings Syndrome listed below in order of prevalence: 

 Exogenous Steroids:  this is the most common cause of CS, which is also 

known as Iatrogenic CS, due to the significant amount of people taking 
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glucocorticoids to treat a range of medical morbidity (e.g. vasculitis, 

inflammatory arthritis). 

 Pituitary Tumour:  ACTH-dependent CS has a reported incidence of 5-25 

per million per year [Broder 2015, Lindholm 2001, Etxabe 1994] 

 Ectopic ACTH: There are almost 30,000 cases of small cell lung cancer 

in the USA per year, of which approximately 1% (300) have EACTH CS. 

 Adrenal Tumour: Adrenal carcinoma and adenoma cause a similar number 

of CS presentations in most reported case series. The incidence of adrenal 

carcinoma is 1.26 per million per year [James, 2016]. It is important to note 

that adrenal adenoma is a common finding in humans (1-8%) of adults but 

>99% do not have symptomatic adrenal disease [Ross, 1994] 

 Miscellaneous  CS due to bilateral adrenal hyperplasia or primary 

pigmented nodular adrenocortical disease are extremely rare. 

 Pseudo CS  Hypercortisolism can occur in conditions with physiologic 

hypercortisolism including major depression, obstructive sleep apnoea and 

alcoholism. 

 

Excluding exogenous CS, approximately 80% of endogenous CS are ACTH 

dependent and 20% are ACTH independent (Table 2.0) [Lacroix et al, 2015]. 

Diagnosis Percentage of Patients 

ACTH Dependent CS  

CD 68 

EACTH 12 

Ectopic CRH < 1 

  

ACTH Independent CS  

Adrenal Adenoma 10 

Adrenal Carcinoma 8 
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Micronodular Hyperplasia <1 

Macronodular Hyperplasia <1 

  

Pseudo CS  

Major Depressive Disorder 1 

Alcoholism <1 

  

Table 1 Percentage of Patients with different CS diagnosis 

 

EACTH CS historically has a Male-Female ratio of 3:1 but increased lung cancer 

incidence in women has changed. EACTH usually presents >50 years of age reflecting 

the age of onset of lung cancer. Reciprocally CD usually presents earlier in life, 

approximately 25-45 years of age. It is reported in the literature that CD has a Male-

Female ratio of 1:5 and women also have an increased incidence of CS due to adrenal 

tumours / carcinoma this [Carpenter, 1988] [ Ross, 1994] 

 

Cushings Disease specifically refers to when the cause is an ACTH secreting pituitary 

tumour.  The diagnosis of Cushing syndrome is biochemical and requires a thorough 

workup to both confirm the steroid excess and also determine its source. It is widely 

considered one of the most challenging medical conditions for diagnosis and 

treatment. It is important to treat Cushings syndrome as when it is untreated it has a 

5 year mortality of 50% [Plotz 1952]. 

 

 

Biochemical Testing 

Patients who present with multiple progressive features of CS (Figure 2.0) should be 

screened for hypercortisolism. Also patients with early onset or treatment resistant 

hypertension / osteoporosis. Finally adrenal incidentalomas should be screened for 
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elevated cortisol levels. This confirmation of true Cushing Syndrome with biochemical 

screening tests is critical as conditions such as alcoholism and severe depression 

(Table 1) can cause patients to look Cushingoid (pseudo Cushings).  

Screening test options include: 

1. 24 hour urine free cortisol (UFC) – two measurements 

2. The overnight dexamethasone suppression test (ODST) 

3. The late night salivary cortisol (LNSC) – two measurements 

The UFC are usually significantly elevated, typically greater than threefold above the 

upper limit of normal for the assay in patients with CS [Appendix A has SI Unit 

Conversions]. The UFC provides an integrated measure (24hrs) of cortisol secretion 

which happens in bursts throughout the day. The ODST involves ingestion of 1mg 

Dexamethasone at midnight, followed by an 8am serum cortisol sample which is 

deemed positive if there is failure to suppress <50 nmol/L.  It is important to note that 

the ODST has high sensitivity, but moderate specificity, for diagnosing 

hypercortisolism. Therefore some authors have proposed a method of simultaneous 

measurement of serum dexamethasone with serum cortisol to correct for variable 

dexamethasone bioavailability (in high/low metabolisers) to increase the diagnostic 

performance of DST [Ueland et al, 2017]. 

The LNSC in CS does not show diurnal variation (nocturnal fall). The diagnosis of CS 

is established when at least two different first-line tests are unequivocally abnormal 

[Niemen et al, 2008]. 

 

Since no screening test can have 100% sensitivity and specificity, care should be 

taken when choosing which tests to use in particular patient groups to avoid false 

positives. For example the ODST should be avoided in women taking oral estrogen 

(due to increased corticosteroid binding globulin and hence cortisol); also the LNSC is 

likely to be abnormal in person who does shift work. In situations where there is 

diagnostic ambiguity of hypercortisolism, other tests such as late night (midnight) 

serum cortisol can be helpful, where a nadir is expected, but is not present in CS. 
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Differential Diagnosis 

After Cushing syndrome has been diagnosed biochemically, then the aetiology of 

steroid overproduction needs to be elucidated (Figure 2.1). Pituitary-dependent 

Cushing syndrome (CS), referred to herein as Cushing disease (CD), is the most 

common cause of endogenous CS. It has a higher prevalence in females. If the patient 

has a history of smoking, weight loss then this suggests Ectopic ACTH resulting from 

lung cancer or other malignancy. The presence of hypokalaemia is a marker of the 

severity of hypercortisolism. Significant and accelerated hirsuitism suggests an 

adrenal tumour. Biochemical differential diagnosis must occur before Radiology as 

imaging in Cushings syndrome can be misleading as pituitary tumours can be too 

small to see on MRI and pituitary and adrenal “incidentalomas” are common. 

 

 

Figure 2.1  Diagnostic Workup Protocol for CS [Niemen, 2008] 
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ACTH Levels 

If ACTH levels are low, then adrenal tumour is suspected and adrenal imaging is 

warranted (CT/MRI). If ACTH is (inappropriately) normal or high then CD or Ectopic 

CS should be considered. 

 

oCRH Test and high dose DST 

Peripheral ovine(o) CRH injection causes an exaggerated rise in ACTH and cortisol in 

patients with CD but not in Ectopic ACTH. The high dose DST leads to cortisol 

suppression in CD but not in Ectopic ACTH, though this has largely been superseded 

by BIPSS in many centres. If biochemical tests suggest CD, a dedicated pituitary MRI 

should be done. If no clear pituitary lesion is present on imaging then Bilateral Inferior 

Petrosal Sinus Sampling (BIPSS) can help confirm central ACTH secretion by 

demonstrating a gradient between central and peripheral ACTH levels after CRH 

injection. If Ectopic ACTH is suspected then whole body CT or PET scan may reveal 

a carcinoma. 

 

BIPSS 

Inferior petrosal sinusy samping (IPSS) was introduced > 40 years ago [Corrigan et 

al, 1977]. They reported the use of unilateral selective catherisation and venous 

sampling [Figure 2.2] to localize ACTH secretion in a patient with a perplexing clinical 

and laboratory picture compatability with either EADCS or CD. In 1984 BIPSS was 

suggested [Doppman et al, 1984] to avoid false negative results by using simultaneous 

dual IPSS. Then in 1991, the use of ovine Corticotropin Releasing Hormone (oCRH) 

was used to stimulate the pituitary to produce ACTH to increase the sensitivity of 

BIPSS [ Oldfield et al, 1991] 

 

Venous Anatomy 

In most individuals, the IPS narrows to become a single vein, emptying into the 

ipsilateral internal jugular vein (IJV). However in about 25% of individuals, the IPS 

drainage forms a plexus of channels that empty into the IJV. In 0.6%-7% of 
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individuals, there is no connection between the IJV and the IPS, making standard 

sampling impossible [ Mamelak, 1996]. 

 

 

Figure 2.2 Venous Anatomy for BIPSS [Mayo Clinic] 

 

Jugular Venous Sampling 

Several authors have suggested catheterisation of the Jugular Venous Sinus (JVS) 

rather than BIPSS (Figure 2.2) as it does not require the same level of technical skill 

and therefore perhaps could be done more routinely. However to date its reported 

sensitivity is less (85%) compared to BIPSS (96%), likely due to the venous dilution 

effects that occur as the sampling catheter becomes more peripheral [Doppman et al, 

1998] 

 

Management 

The treatment of CS depends on its source. If it is an adrenal tumour then laproscopic 

adrenalectomy is the surgery of choice. If Ectopic ACTH, then management of the 

underlying tumour is required, as well as medical control of cortisol levels. Finally if 
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CD is confirmed, then trans-sphenoidal removal of the pituitary adenoma is required. 

Medical treatment of elevated cortisol can be used pre-surgery if symptoms are severe 

(e.g. uncontrolled hypertension / hypokalaemia / diabetes). It is usually achieved by 

using Metyrapone, which blocks cortisol production. Alternatively ketoconazole or 

pasireotide (somatostatin analogue) can be trialled. In large or unresectable pituitary 

tumours (e.g. invading the caveronous sinus), external beam or stereotatic 

radiotherapy can be used. Bilateral adrenalectomy can be used to normalise cortisol 

status in CD, although this may lead to uncontrolled negative feedback and 

subsequent pituitary tumour growth. In severe cases, this may lead to very elevated 

ACTH levels, skin pigmentation, headache and cranial nerve palsies. 

 

Follow-up 

Any early post-operative cortisol <50 nmol/L suggests biochemical remission. Positive 

ACTH immunohistochemistry of the tumour confirms the correct diagnosis. 

Hydrocortisone replacement may be needed until the hypothalamic – pituitary – 

adrenal (HPA) access recovers due to ACTH suppression in the normal corticotroph 

cells due to the previously experienced chronic hypercortisolism. Patients with CD 

should have long term follow-up to ensure there is no recurrence. 

 

References: 
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Chapter 3   Diagnostic Tests  

 

“Medicine is a science of uncertainty and an art of probability” 

Sir William Osler (1849-1919) 

 

Diagnostic tests aim to reduce uncertainty regarding a specific patient’s diagnosis. 

Diagnostic tests can assist clinicians to increase their level of certainty about whether 

or not a suspected condition is present (Figure 3.1). An understanding of the 

terminology and characteristics of diagnostic tests is essential to their clinical 

interpretation.  

 

 

Figure 3.1 Diagnostic Tests and Probability 

 

Accuracy and Precision 

The accuracy of a diagnostic test corresponds with the true value. The precision of a 

diagnostic test is a measure of the tests reproducibility. For example in Figure 3.2, the 

centre (bullseye) of the target represents the true value. Diagnostic test A is not 

accurate but is precise, diagnostic test B is not accurate or precise and diagnostic test 

C is accurate and previse. 
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Figure 3.2 Accuracy and Precision 

 

The interpretation of a diagnostic test result depends on both the ability of the test to 

distinguish diseased from healthy subjects and the particular characteristics of the 

patient and setting in which the test is being used. Generally the use of diagnostic 

tests are most appropriate in the presence of intermediate (10% to 90%) pretest 

probability of a disease (Figure 3.3).  

 

 

Figure 3.3    When to Use a Diagnostic Test 

 

Diagnostic tests are an important part of clinical medicine, however they have inherent 

performance limitations which must be understood and can be defined using the 

following terminology: 
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Sensitivity  

The ability to detect people who do have disease (An aide memorie: “Be sensitive to 

those who have disease”). It can be calculated (Figure 3.4) as follows: 

 

Figure 3.4 Sensitivity Formula 

 

 

Specificity  

The ability to detect people who do not have disease. (An aide memorie: “Negative 

people get specific”). It can be calculated (Figure 3.5) as follows: 

 

 

Figure 3.5 Specificity Formula 

 

Positive Predictive Value (PPV) 

The likelihood that a person with a positive test result actually has disease. It can be 

calculated (Figure 3.6) as follows: 
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Figure 3.6 PPV Formula 

 

 

Negative Predictive Value (NPV)  

The likelihood that a person with a negative test result truly does not have disease. It 

can be calculated (Figure 3.7) as follows: 

 

Figure 3.7 NPV Formula 

 

Diagnostic tests should be highly sensitive and highly specific to pick up most cases 

of true disease and avoid false positives. In addition, they should be targeted toward 

populations with a higher disease prevalence. 

 

Pre-Test Probability 

In order to assess the usefulness of applying a diagnostic test, the pre-test probability 

is an important consideration. For example if 100 people are representative of the 

population (n=100) under review and the rate of those with the disease is 4%, this then 

represents the prevalence of the disease (or pre-test probability of having the disease).  

To summarise, in every 100 people, 4 will have the disease (Figure 3.8). 
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Figure 3.8 Population with 4% Disease Prevalence 

 

As an example, using a diagnostic test with a 75% Sensitivity and a 93% Specificity 

will give you the following results: 

 

 

 

Figure 3.9 Diagnostic Test Performance (4% Disease Prevalence) 

 

Of the 4 people with the disease, the diagnostic test will detect 3 (Sensitivity 75%). 

Among the 96 people without the disease, 7 will test positive (Specificity 93%). 
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For those people who test positive with this test, 3 in 10 will actually have the 

disease (Positive Predictive Value = 30%) (Figure 3.10). 

 

 

Figure 3.10 PPV with 4% Disease Prevalence 

 

Among those who test negative, 89 out of 90 will not have the disease and therefore 

the Negative Predictive Value (NPV) = 99% (Figure 3.11). Conversely if someone 

tests negative the chance of having the disease is only 1 in 90. 

 

Figure 3.11 NPV with 4% Disease Prevalence 
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If now we reduce the disease prevalence by a factor of 10, from 4% to 0.4%, the 

population (n=1000) looks as follows: 

 

 

Figure 3.12 Population with 0.4% Disease Prevalence 

 

We will leave the diagnostic test characteristics the same (Sensitivity 75%, Specificity 

93%), then the test characteristics are as follows: 

 

 

 

Figure 3.13 Diagnostic Test Performance (0.4% Disease Prevalence) 
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Now the Positive Predictive Value (PPV) has changed to 4% (Figure 3.14) 

 

 

Figure 3.14 PPV with 0.4% Disease Prevalence 

 

The Negative Predictive Value though remains > 99% (Figure 3.15): 

 

Figure 3.15 NPV with 0.4% Disease Prevalence 
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Therefore even highly specific tests (e.g. 75%) applied to low prevalence events, yield 

a high number of false positive results. However the negative predictive value is not 

as influenced as much. 

 

Diagnostic Test Thresholds  

Where the test cut off value is chosen will directly influence the sensitivity and 

specificity of a diagnostic test (Figure 3.16) 

 

 

Figure 3.16 Diagnostic Test Threshold 

 

In the above graph, shifting the test cut-off to the left will optimise the diagnostic test 

sensitivity by minimising false negatives, but the consequence is that specificity is 

reduced. A useful aide memorie is “A Negative result from a seNsitvie test rules out 

the diagnosis – snNout” 

 

Reciprocally to minimise false positives (i.e. to optimise specificity), you would move 

the test cut-off point to the right, but the consequence is that sensitivity is reduced. A 

useful aide memoire is “A Positive result from a sPecific test rules in the diagnosis -

spPin” 
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Receiver Operating Characteristics (ROC) 

Ideally the diagnostic test cut-off threshold could perfectly divide the population 

(Figure 3.17) into diseased and non-diseased (healthy) states (Sensitivity 100% / 

Specificity 100%) but this is a hypothetical scenario. Diagnostic tests are rarely 

100% accurate, and false positive and false negative results can occur. 

 

 

Figure 3.17 Ideal Diagnostic Test Threshold 

 

Practically we always have to have a trade-off between sensitivity and specificity in a 

diagnostic test threshold cut-off (Figure 3.18). 

 

 

Figure 3.18 Diagnostic Test Threshold Trade-Off 
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By graphing (Figure 3.19) the sensitivity versus 1-specificity we can generate a 

Receiver Operating Characteristics (ROC) curve which can demonstrate the 

optimum sensitivity / specificity balance for a particular diagnostic test. 

 

 

Figure 3.19 ROC Curve 

 

The ROC curve provides a graphical summary of a diagnostics test discriminatory 

accuracy, but often a one-number summary index of discriminatory accuracy is 

desired and the Area Under Curve (AUC) is the most popular used index. 
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Likelihood ratios  

Likelihood ratios (LR) combine the sensitivity and specificity of a test with the pre-test 

probability of disease in a specific patient, avoiding the need to perform statistical 

calculations based on test characteristics and prevalence data.  

 

Diagnostic test characteristics such as likelihood ratios should be considered before 

ordering a test to help determine whether a given test would significantly change post-

test probability (Figure 3.20) and thus affect management. 

 

Figure 3.20 Likelihood Ratios (LR) 

 

 

Likelihood ratios can be define as follows: 

 

LR+ = sensitivity / (1-specificity) 

 

LR- = (1-sensitivity) / specificity 

 

They provide a sense of how “powerful” a test is in influencing our post-test probability 

of disease.  This is clear when you consider Bayes Theorem which states: 

 

Post-test odds = LR x Pre-test Odds 



MD Thesis 

 

33 
 

Likelihood ratios may be positive [LR(+)], which are used when assessing for the 

presence of disease when a test result is positive, and negative [LR(-)], which are used 

when excluding disease with a negative test result. Likelihood ratios may also be 

calculated sequentially with serial testing, if needed. 

 

Fagans Nomogram – Graphical Calculation of Post-Test Odds 

1. Use the estimated pre-test probability of disease as an anchor on the left side 

of the graph (Figure 3.21). 

2. Draw a straight line through the known likelihood ratio, either (+) or (-). 

3. Where this line intersects the graph on the right represents the post-test 

probability of disease. 

 

 

Figure 3.21 Fagans Nomogram 

 

Example (Figure 3.22) 

1. Designate your pretest probability on left line (X); example = 28% 

2. Draw a line to the LR+ (or LR-) for the test (O); example LR+ = 4 
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3. Draw a straight line through the two points and extend it to the right side to 

determine posttest probability (where this line intersects the graph on the right 

represents the posttest probability of disease = 65%) 

4.  

 

Figure 3.22 Example Use of Fagans Nomogram 

 

A likelihood ratio of 1 (occurs when sensitivity / specificity =50%) indicates that the 

test has no influence on the pretest probability; a likelihood ratio >1 increases the 

pretest probability, and a likelihood ratio <1 decreases the pretest probability. In 

general the higher the LR, the better the diagnostic test. 

 

For example: 

 A LR(+) of 10 increases the pre-test probability by ~45% 

 A LR(+) of 5 increases the pre-test probability by ~30% 

 A LR(+) of 2 increases the pre-test probability by ~15% 

 A LR(-) of 0.5 decreases the pre-test probability by ~15% 

 A LR(-) of 0.2 decreases the pre-test probability by ~30% 

 A LR(-) of 0.1 decreases the pre-test probability by ~45% 
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Even if specific LR calculations are not performed for a patient, simply knowing 

the LR of a test helps in making testing decisions. Table 3.1 demonstrates 

examples of Common Diseases, Tests, and Likelihood Ratios 

 

 

Table 3.1 Common Disease / Diagnostic Tests /  LR  [American College of 

Physicians, 2018] 

A final diagnostic test performance statistic measure is the Diagnostic Odds Ratio, 

which is the odds of having the diagnosis given a positive test to those of having the 

diagnosis given a negative test. It is useful as an overall summary measure of a 

diagnostic test. 

 

Other Diagnostic Test Considerations 

Besides diagnostic accuracy, other issues may affect a clinician’s choice of diagnostic 

test selection. This weighing of diagnostic benefit versus test disadvantages / cost is 

important. For example some tests carry a risk of morbidty / mortality (e.g. 1% Stroke 

rate in cerebral angiogram). In addition classifying a healthy patient as diseased based 

on a false positive diagnostic test can lead to unnecessary risks for the patient (e.g. 

over-investigation/treatment). 
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Chapter 4    20 Years BIPSS at Mayo Clinic 

 

 

Title:  

Diagnostic Insights from Twenty Years of Bilateral Inferior Petrosal Sinus 

Sampling for Cushings Disease at Mayo Clinic (1998-2018) 

 

Structured Abstract: 

Context 

Bilateral Inferior Petrosal Sinus Sampling (BIPSS) is an important tool in differentiating 

between pituitary and non-pituitary sources of ACTH-dependent Cushing Syndrome. 

However there is a paucity of contemporary reported outcomes from specialized 

centers. 

 

Objective 

We reviewed the data from 20 years of BIPSS at our institution to assess its diagnostic 

characteristics and patient outcomes. 

 

Design 

The Electronic Health Record of BIPSS patients from 1998-2018 were reviewed.  

 

Setting 

The Mayo Clinic, Rochester, MN, USA which is a large tertiary referral hospital  

 

Patients 

All adult patients who underwent BIPSS were included. 
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Main Outcome Measure(s) 

We examined how many patients who underwent BIPSS achieved remission, which 

was defined as either a pathological proven ACTH-stained adenoma or documented 

post-procedure hypocortisolism. We report the BIPSS biochemical characteristics, its 

lateralization ability and follow-up patient outcomes. 

Results 

143 adult patients underwent BIPSS, of which 94 were deemed in remission after 

pituitary surgery. As per subsequent EHR documentation 71 (76%) have remained in 

remission, 14 (15%) had recurrent disease, 6 (6%) have had no further follow-up and 

3 (3%) have died (follow-up: mean 3 years, max/min 16/0 years). The Positive 

Predictive Value of BIPSS Right Lateralization was 59% and Left Lateralization was 

60%. In the pathological/biochemical proven cohort of pituitary versus ectopic ACTH-

dependent Cushing syndrome, oCRH BIPSS sensitivity was 99% with Specificity 92%. 

 

Conclusions 

BIPSS is an essential tool to differentiate between pituitary and ectopic ACTH 

dependent CS, however its role in pituitary lesion lateralization is limited. Long term 

follow-up of patients with surgical remission is necessary to ensure recurrence does 

not occur. 

 

Precis 

A 20 year review of BIPSS experience has demonstrated its diagnostic efficacy for site 

localization of ACTH-dependent Cushing Syndrome with limited potential for pituitary 

lesion lateralization.  



MD Thesis 

 

39 
 

Introduction 

Cushing Syndrome (CS) is the most challenging diagnostic problem in clinical 

endocrinology (Findling and Raff 2001). In particular localization of the site of ACTH-

dependent CS (ADCS) between pituitary or ectopic hormone overproduction is 

challenging with the current state of the art considered to be Bilateral Inferior Petrosal 

Sinus Sampling (BIPSS). Pituitary dependent ADCS is known as Cushing Disease 

(CD) is more common that Ectopic ADCS (EADCS), with a pre-test probability of 

approximately 90% (Ilias, Chang et al. 2004). 

 

However the diagnosis of CD is challenging as for example up to 58% of pituitary 

microadenomas causing CD are not identifiable by magnetic resonance imaging 

(MRI)(Hall, Luciano et al. 1994). In addition approximately 10-20% of the healthy 

population have pituitary incidentalomas. (Booth, Redelmeier et al. 1998). Therefore 

a more accurate diagnostic test than MRI is needed for CD vs EADCS differentiation 

and the current gold standard is the Bilateral Inferior Petrosal Sinus Sampling (BIPSS) 

technique.  Originally described > 40 years ago by Corrigan and colleagues (Corrigan, 

Schaaf et al. 1977), it’s use has been refined (Oldfield, Doppman et al. 1991) and 

adopted across the world in the management of patients with ADCS(Losa, Allora et al. 

2019) . 

 

A baseline (unstimulated) pituitary-peripheral ACTH ratio  ≥2 and/or an ovine 

Corticopin-Releasing Hormone (oCRH) stimulated pituitary-peripheral ACTH ratio  ≥3 

are considered diagnostic of CD (Louisa White 2017), with literature reported 

specificities/sensitivities of approximately 94% (Ilias, Chang et al. 2004). Therefore 

BIPSS is considered the gold standard in differentiating CD from EADCS as it is the 

only diagnostic test with a sensitivity for CD greater than the high pre-test probability 

of the condition (Ilias, Chang et al. 2004).  

 

However there is a paucity of contemporary, large cohort BIPSS data experience with 

only a few centers having published in the last decade. Indeed our last Mayo Clinic 

BIPSS published experience was from 1990-1997 in a cohort of 92 patients, when we 
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reported that BIPSS was helpful in the evaluation of ADCS (Bonelli, Huston et al. 

2000). Therefore the aim of this work was to review the contemporary Mayo Clinic 

BIPSS outcomes dataset from 1998-2018 to assess its efficacy and clinical outcomes. 

 

Methods  

We obtained Mayo Clinic Institutional Review Board approval to review the electronic 

health record data from 20 years of BIPSS at our institution to assess its diagnostic 

characteristics and patient outcomes. All relevant data was reviewed including 

demographics, clinical notes, radiological images and reports, laboratory results, 

operative and pathology reports. 

 

At our institution, only a select patient population with ADCS undergoes BIPSS. 

Indications for IPS sampling include the following: 1) no discrete pituitary lesion 

identified by imaging or equivocal imaging results; 2) a discrete lesion identified by 

imaging but peripheral ACTH sampling findings equivocal after oCRH stimulation; 3) 

persistent Cushing's syndrome after trans-sphenoidal surgery; and 4) the clinician's 

requirement of resolution of discrepancies between the clinical picture, biochemistry, 

and imaging findings. 

 

All patients undergoing BIPSS had presumed ACTH-dependent CS based on two or 

more laboratory results to establish hypercortisolism such as an overnight 

dexamethasone suppression test, 24 h urine free cortisol level, late night salivary 

cortisol level and an elevated plasma ACTH level.  The diagnosis of CD was confirmed 

if proven by pituitary specimen histological analysis or post-op hypocortisolism. 

 

BIPSS catheterization was performed as previously described for ADCS (Bonelli, 

Huston et al. 2000) . All patients or their parents completed an informed consent form, 

approved by our institutional review board, before the procedure was performed. After 

catheterization of the femoral veins was performed, 4000 U of heparin was 

administered. We used a coaxial technique that included 5.8F catheters advanced into 
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the internal jugular veins with a Tracker 18 (Target Therapeutics, Freemont, CA) 

microcatheter positioned in each IPS. Sampling required 3 mL of blood, and samples 

were obtained without difficulty through the microcatheters in approximately 75 

seconds. After placement of the catheters in the IPS, catheter tip position was 

confirmed with a hand injection of contrast material and digital subtraction techniques. 

Simultaneous sampling of the IPS and peripheral veins was performed 5 and 1 

minute(s) before oCRH stimulation (1 μg/kg; maximum, 100 μg) and 2, 5, and 10 

minutes after oCRH stimulation. Digital subtraction venography was performed at the 

end of IPS sampling to document catheter position. A technically successful 

catheterization was defined as bilateral IPS catheterization in which the catheters did 

not move into the internal jugular veins during the course of IPS sampling. 

 

All plasma ACTH determinations were made at our institution. Plasma ACTH was 

measured using an extraction radioimmunoassay in which the antibody was generated 

against synthetic ACTH (1−24 amino acids). Intra- and interassay coefficients of 

variation were 7.6% and 10.5%, respectively (Bonelli, Huston et al. 2000) . 

 

For the determination of a pituitary source of ACTH production, the ratio of IPS to 

peripheral vein established by Oldfield et al  (Oldfield, Doppman et al. 1991). The ratio 

was calculated from the simultaneous IPS and peripheral venous samples obtained 

before and after oCRH administration, and the highest ratio was used. CD was 

diagnosed with a baseline central-to-peripheral ratio of 2.0 or a post-oCRH ratio of 3.0 

or both. It is widely observed in the literature that EADCS almost never produces a 

ratio that exceeds these limits. Furthermore an interpetrosal gradient of 1.4 was used 

as a predictor of the lateralization of a pituitary microadenoma (Oldfield, Doppman et 

al. 1991) (Javorsky and Findling 2010). 

 

Between 21 May 1998 and 22 May 2018, we attempted simultaneous bilateral 

sampling of venous blood from the inferior petrosal sinus of 156 adult patients with 

Cushings Syndrome.  
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We excluded those patient results who experienced a technical failure of BIPSS and 

also those who had incomplete management records (e.g only BIPSS procedure at 

Mayo Clinic), as we had no way to establish the outcome from pituitary surgery or 

other operations done elsewhere.  

 

Of note during this 20 year period there was also a shortage (Deipolyi, Alexander et 

al. 2015) of Corticotropin Releasing Hormone (oCRH) and therefore for ten months 

(May 2012 – March 2013) an alternative pharmaceutical - Desmopressin (DDAVP) a 

synthetic form of vasopressin was used at it can also stimulate pituitary ACTH 

secretion during BIPSS(Castinetti, Morange et al. 2007) (Deipolyi, Alexander et al. 

2015).  

 

Pathologic and clinical criteria for the establishment of the source of ACTH production 

were similar to those described previously (Bonelli, Huston et al. 2000). The diagnosis 

of a pituitary source of ACTH was established if histologic examination of the pituitary 

surgical specimen confirmed the presence of tumor with resultant postoperative 

normalization of cortisol or hypocortisolemia. In addition, a pituitary source of ACTH 

was diagnosed if resection of a portion of the pituitary gland resulted in normalization 

or hypocortisolemia despite the lack of histologic identification of a tumor. The 

diagnosis of an ectopic source was confirmed by histologic specimen.  

 

Results 

BIPSS was successfully performed in 147 of 156 patients (94.2%). Of these 147 

patients, 4 were excluded from further analysis due to incomplete follow-up (i.e. only 

BIPSS was done at Mayo Clinic with no further post procedure treatment information 

available). Applying the BIPSS CD diagnostic criteria to the remaining 143 patients 

(Figure 1) resulted in a positive result for 115 patients and a negative result for 28 

patients. 
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Figure 1  Flow diagram of BIPSS Total (oCRH/DDAVP) Cohort 

 

Of the 115 patients whom BIPSS classified as CD, 107 patients underwent pituitary 

surgery. This is because after Multidisciplinary Disciplinary Meeting (MDM) input, there 

were 8 patients who did not proceed to pituitary surgery due to worsening medical 

condition (7 underwent bilateral adrenalectomy) or additional imaging (1 Pancreatic 

Neuroendocrine Tumour). Of the 107 patients who underwent pituitary surgery, 94 

were deemed in remission (pituitary pathology positive or post-op hypocortisolism (<5 

mcg/dl). The outcomes of the remaining 13 patients who did not meet the remission 

criteria are as follows: 9 patients underwent bilateral adrenalectomy, 1 died, 1 

unknown, 1 repeat pituitary surgery (with remission), 1 improving but not at normal 

cortisol levels yet.  

 

Of the 94 patients that were in remission after pituitary surgery, review of their 

subsequent clinical records (follow-up: mean 3 years, max/min 16/0 years) 

demonstrated the following longitudinal data: 71 remained well, 6 unknown, 3 died, 14 

recurrent hypercortisolism (8 Bilateral Adrenalectomy / 4 repeat pituitary surgery / 2 

unknown management). 
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Reviewing the data of the 28 patients who did not satisfy the BIPSS CD diagnostic 

criteria, 13 had histologically proven EADCS (7 right thoracotomy, 1 left thoracotomy, 

1 right hemicolectomy, 2 thymectomy, 1 cryoablation lung carcinoid, 1 maxillary sinus 

excision). From the remaining 15 patients: 10 underwent bilateral adrenalectomy, 2 

went for pituitary surgery (1 remission, 1 unknown outcome) and 3 underwent 

treatment with ketoconazole. 

 

A subset analysis of the 14 patients (Figure 2) who used DDAVP for pituitary 

stimulation (May 2012 – March 2013) demonstrated that 8 met the BIPSS diagnostic 

criteria for CD and 7 proceeded for pituitary surgery (1 patient had a bilateral 

adrenalectomy due to worsening medical status). Of the 7 patients who underwent 

pituitary surgery, all 7 met the remission criteria and most recent follow-up showed 

that 6 patients remained well and one patient required a bilateral adrenalectomy. Of 

the 6 patients who did not meet the BIPSS diagnostic criteria for CD, 2 were shown to 

have histologically proven ectopic ACTH-dependent CS (2 right thoracotomy) and 2 

required a Bilateral Adrenalectomy and 2 underwent pituitary surgery (1 remission, 1 

unknown outcome).  

 

Figure 2  Flow diagram of BIPSS DDAVP Cohort 
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Examining the 129 patients who had oCRH only BIPSS (Figure 3), 108 met the BIPSS 

diagnostic criteria for CD of which 100 underwent pituitary surgery After MDM input, 

there were 7 patients who did not proceed to pituitary surgery due to worsening 

medical condition (6 underwent bilateral adrenalectomy) or additional imaging (1 

Pancreatic Neuroendocrine Tumour). 

 

Figure 3  Flow diagram of BIPSS oCRH Cohort 

 

Of the 100 patients who underwent pituitary surgery, 87 were deemed in remission 

(pituitary pathology positive or post-op hypocortisolism (<5 mcg/dl). The outcomes of 

the remaining 13 patients who did not meet the remission criteria were as reported 

above in the total (oCRH/DDAVP) cohort. 

 

Of the 87 patients that were in remission after pituitary surgery, review of their 

subsequent clinical records demonstrated the following longitudinal follow-up: 65 

remained well, 6 unknown, 3 died, 13 recurrent hypercortisolism (8 Bilateral 

Adrenalectomy / 3 repeat pituitary surgery / 2 unknown management). 

 

Reviewing the data of the 22 patients who did not satisfy the BIPSS CD diagnostic 

criteria, 11 had histologically proven Ectopic-ACTH dependent CS (5 right 
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thoracotomy, 1 left thoracotomy, 1 right hemicolectomy, 2 thymectomy, 1 cryoablation 

lung carcinoid, 1 antral/maxillary sinus mass). From the remaining 11 patients: 8 

underwent bilateral adrenalectomy, 3 underwent treatment with ketoconazole). 

Therefore in summary (Table 1), there was a proven BIPSS oCRH cohort of 87 BIPSS 

positive patients (Figure 3) who were in remission with pituitary surgery and hence can 

be defined as having CD and the 11 patients (out of 22 BIPSS Negative) with 

histologically proven pathology can be defined as having ectopic ACTH dependent 

CS. 

 

Patient Classification CD = 87 EADCS=11 

Sex (M=Male, F=Female) 66F: 21 M 6F: 5M 

Mean Age (years) 44 52 

Mean ACTH (pg/ml) 65.7 115.6 

Mean AM Serum Cortisol (mcg/dl) 23.9 41.6 

Mean PM Serum Cortisol (mcg/dl) 33.6 25.9 

Mean 24hr Urinary Cortisol (mcg/24 hours) 233.7 557.8 

Mean Potassium (mmol/L) 4.3 4.0 

 

Table 1 Patient Demographics & Baseline Biochemical Data 

 

Reviewing the BIPSS (IPS/P) ratio data, for these 87 CD and 11 EADCS patients, the 

average maximum baseline IPS/P ratio was 29 (CD) and 1 (EADCS). The average 

maximum post oCRH stimulated (IPS/P) ratio was 106 (CD) and 1 (EADCS).  For CD, 

the average ACTH baseline maximum value was 14242.5 pg/ml and minimum 7.7 

pg/ml with a corresponding post-stimulation average ACTH maximum 88506.7 pg/ml 

and minimum 18.5 pg/ml. Correspondingly for EADCS, the average ACTH baseline 

maximum value was 217.3 pg/ml and minimum 16.75 pg/ml with a corresponding post-

stimulation average ACTH maximum 222.5 pg/ml and minimum 27.5 pg/ml. 
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Our data demonstrated that the time to reach the maximum ACTH value in the BIPSS 

Right and Left catheter was +5 min, maximum peripheral ACTH +30minutes and 

maximum peripheral Cortisol +60 minutes. 

We calculated the sensitivity / specificity (Table 2) on our oCRH BIPSS cohort, using 

the 87 patients who had a positive BIPSS and were in remission after pituitary surgery 

and the 11 patients who had histologically proven EADCS after a negative BIPSS 

(Figure 3). We included the one false positive (subsequently found to have pancreatic 

neuroendocrine tumour) and one false negative (pituitary tumour operated on with 

remission). This demonstrated a 99% Sensitivity and 92% Specificity of BIPSS  

 

Statistics TP FN TN FP Sensitivity Specificity 

Results 87 1 11 1 99% 92% 

 

Table 2 Diagnostic Performance of BIPSS 

 

Representative results are demonstrated in Table 3, where pre/post oCRH stimulation 

BIPSS data are shown for a patient with CD / EADCS. It is clear that the patient with 

CD has IPS:P ratios sigificantly > 2 at baseline and >3 post oCRH stimulation, however 

the EADCS patient does not. Interestingly for the patient with CD, the data shown also 

demonstrates a clear difference in ACTH values in the right sinus comapred to the left 

sinus (which more closely resembles the peripheral ACTH values). This suggest that 

perhaps the BIPSS data can lateralise the site of the pituitary lesion to the right side.  

Patient 

                                   
Sample 

Type 

                                
Sample 
Timing Right 

Sinus 
(Plasma 
ACTH 

pg/mL) 

Left    
Sinus 

(Plasma 
ACTH 

pg/mL)) 

Peripheral 
Blood 

(Plasma 
ACTH)  

IPS:P 
Ratio 

(Greater) 

IPS:P 
Ratio 

(Lesser) 

ACTH 
Gradient 

Cushing’s 
Disease 

Basal 
Sampling  

First 
Sample 

2855 58 48 59.5 1.2 49.2 

    
Second 
Sample 

2685 51 45 59.7 1.1 52.6 
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Sampling 

after 
CRH 

2-3 min 9530 57 42 226.9 1.4 167.2 

    5 min 17000 68 31 548.4 2.2 250 

    10 min 11680 124 88 132.7 1.4 94.2 

Ectopic 
ACTH 

Syndrome 

Basal 
Sampling  

First 
Sample 

76 61 66 1.2 0.9 1.2 

    
Second 
Sample 

85 61 66 1.3 0.9 1.4 

  
Sampling 

after 
CRH 

2-3 min 60 63 71 0.8 0.9 1 

    5 min 154 56 63 2.4 0.9 2.8 

    10 min 109 62 76 1.4 0.8 1.8 

 

Table 3 Results of BIPSS in a Patient with CD and a Patient with EADCS 

 

Therefore we explored the lateralisation data of our BIPSS cohort (Table 4) who 

underwent pituitary surgery (Figure 3, n=100) reviewing the concordance of the 

lateralization of the pituitary tumor between the surgical field (op-note), MRI and 

BIPSS gradient data showed (1 patient excluded as unknown data): 

 

Lateralisation Op 

Note 

MRI Op-

Img 

Match 

PPV IPSS 

Baseline 

IPSS 

Post 

Op-

IPSS 

Match 

PPV 

Right 40 23 21 91% 48 54 32 59% 

Left 29 21 16 76% 38 35 21 60% 

No 

Lateralisation 

30 56 27 48% 14 11 7 64% 

Table 4 BIPSS Lateralization Data 
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Discussion 

Distinguishing between CD and EADCS using clinical, biochemical and radiological 

imaging is one of the major challenges in neuroendocrinology.(Kaltsas, Giannulis et 

al. 1999).  

BIPSS has been demonstrated as the most useful diagnostic test to distinguish 

between CD and EADCS secretion by an occult tumour. BIPSS has been shown in 

several series to have higher diagnostic accuracy than the high dose dexamethasone 

suppression test or the peripheral oCRH stimulation test and therefore has become 

the investigative test of choice in centres that can perform it (Wiggam, Heaney et al. 

2000) 

 

Technical Success 

BIPSS studies have demonstrated that centres with high volume BIPSS procedures 

demonstrate an improvement with technique and thus success rates over time, since 

the procedure is highly technical and operator dependent. (Kaltsas, Giannulis et al. 

1999). Successful BIPSS catheterization has been reported from 87.5% - 93.8% in the 

literature (Lopez, Barcelo et al. 1996) (Kaltsas, Giannulis et al. 1999) and therefore 

our 1990s success rate at 93.6% and our current success rate at 94.2% is concordant 

with this observation and reflects significant experience of BIPSS at our institution 

(Bonelli, Huston et al. 2000). The opposite effect is also seen in the literature whereby 

smaller reported cohorts of BIPSS patients have less success rates (Kaltsas, 

Giannulis et al. 1999) 

 

Our collected biochemical data showed a peak ACTH value at +5 minutes, consistent 

with other authors findings (Kaltsas, Giannulis et al. 1999). 
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BIPSS Accuracy Assessment 

The pre-test probability of a patient with ACTH-dependent CS having CD is high. 

Therefore any diagnostic test used to decide the source of ACTH-dependent CS, 

should improve this pre-test likelihood. Since transphenoidal surgery is the treatment 

of choice for CD, it is important to ensure that patients with EADCS are correctly 

identified and don’t undergo unnecessary pituitary surgery. Thus any test should be 

ideally set with 100% specificity for the diagnosis of CD (Grant, Dworakowska et al. 

2012). The challenge in the diagnostic accuracy assessment of BIPSS is the 

confounding real world clinical issues that require some patients to undergo bilateral 

adrenalectomy or medical treatment despite BIPSS results and hence the true 

assessment of false positives / negatives is difficult to ascertain. 

 

False Positives 

However while it is regarded as a specific test, there has been reported incidence of 

false positive BIPSS tests for CD. These false positive BIPSS results are thought to 

be caused periodic hormonogenesis and therefore patients should be 

hypercortisolemic at the time BIPSS is performed for the study to be valid. This has 

resulted in patients undergoing transphenoidal surgery with subsequent failure to 

identify a pituitary adenoma or demonstrate postoperative hypocortisolism, then 

subsequently patients were found to have ACTH-secreting carcinoid tumours of the 

lung (Yamamoto, Davis et al. 1995). Our cohort demonstrated one patient who 

satisfied the BIPSS criteria but was subsequently found to have a pancreatic 

neuroendocrine tumours at MDM review and did not proceed to pituitary surgery. Of 

the 100 patients who underwent pituitary surgery after a positive BIPSS (Figure 3), 87 

were in remission. Though there were 13 patients who were not in remission after 

transphenoidal surgery, they did not demonstrate any specific ectopic source or 

pathology and therefore 9/13 (69%) of them had to undergo bilateral adrenalectomy 

to control their hypercortisolism. 
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False Negatives 

Early studies, with smaller cohorts reported a diagnostic sensitivity and specificity of 

approximately 100%, though further experience and reports from larger cohorts have 

demonstrated a false negative rate of 1-10% (Grant, Dworakowska et al. 2012). (Wind, 

Lonser et al. 2013). The absence of a central to peripheral gradient is not 100% 

predictive of EADCS (Losa, Allora et al. 2019). False negatives can occur due to 

technical issues with catherisation, a blunted corticotroph adenoma response to CRH, 

hypoplastic IPS or anomalous venous drainage (Doppman, Chang et al. 1999) (Grant, 

Dworakowska et al. 2012). Prolactin as an index in pituitary venous effluent (Findling, 

Kehoe et al. 2004) was not used routinely in BIPSS procedures at Mayo Clinic, though 

it has been suggested as a method to improve diagnostic accuracy in the case of false 

negative BIPSS results (Sharma, Raff et al. 2011).  Analysis of our cohort 

demonstrated a false negative result, whereby a patient failed BIPSS but 

subsequently, after MDM review had pituitary surgery, with remission. 

 

Lateralisation 

BIPSS has been suggested for the pre-operative location of pituitary microadenomas, 

though different authors have reported varying accuracy (Tabarin, Greselle et al. 1991)  

(Booth, Redelmeier et al. 1998).  

This is because contrast enhanced MRI has been shown to have a wide sensitivity in 

the literature ranging from 54-91% and MRI also detects pituitary microadenomas in 

10-20% of the healthy population. (Kaltsas, Giannulis et al. 1999). Therefore 

demonstration of a pituitary tumour by radiological imaging can be coincidental and 

therefore misleading in the diagnostic workup (Mamelak, Dowd et al. 1996). In addition 

smaller though biochemically active pituitary microadenomas may evade image 

detection (Kaltsas, Giannulis et al. 1999). For example a large patient cohort series 

from Italy demonstrated radiological evidence of a pituitary tumor in only 170 out of 

279 patients (61%) with proven Cushing Disease.(Invitti, Pecori Giraldi et al. 1999) 
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However it is important to understand the biological limitations of using BIPSS to 

lateralise the site of a pituitary tumour. Classically venous blood from each half of the 

pituitary gland flows from the ipsilateral cavernous sinus into the inferior petrosal sinus 

and then the internal jugular vein. However this fundamentally assumes that all venous 

drainage anatomy is normal, which is not. Therefore several authors have highlighted 

that BIPSS should not be used to lateralise a pituitary tumour unless venous 

angiography is carried out to establish the venous drainage anatomy of the inferior 

petrosal sinus. This is because in one series, they found that only 61% of patients had 

symmetric venous drainage and 39% had asymmetric drainage and therefore 

lateralization is not reliable.(Mamelak, Dowd et al. 1996).  

 

Therefore as expected venous angiography can improve its diagnostic accuracy for 

lateralization, when it demonstrates symmetrical venous drainage is present in inferior 

petrosal sinuses (Lefournier, Martinie et al. 2003). In other studies there has been 

equivalence whereby imaging has correctly lateralized the pituitary tumour in 63.6% 

of cases and BIPSS lateralized the tumour in 66.7% (Lopez, Barcelo et al. 1996).  

 

As improvements have occurred in MRI technology, more recent large studies have 

shown preoperative MRI has been a better tool for adenoma location than BIPSS 

lateralization (Wind, Lonser et al. 2013, Deipolyi, Bailin et al. 2017). 

 

A recent Cambridge study demonstrated that BIPSS does not predict tumor location, 

especially when lateralizing to the right (Louisa White 2017).  

 

Our results would concur with this, in that we found that MRI imaging is superior with 

a Right-Left lateralization accuracy of 76%-91% compared to a Right/Left BIPSS 

lateralization accuracy of 59% - 60%.  Interestingly this finding is in agreement with 

our earlier reported results that showed that BIPSS lateralization of pituitary 

microadenomas is not reliable (Bonelli, Huston et al. 2000, Colao, Faggiano et al. 

2001) 
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BIPSS Morbidity 

Early studies of BIPSS demonstrated some morbidty (e.g. venous subarchnoid 

haemorrhage, lower extremity DVT, transient sixth nerve palsies) (Bonelli, Huston et 

al. 2000, Lefournier, Martinie et al. 2003). This current study reports no morbidity from 

over 147 BIPSS procedures carried out a Mayo Clinic (1998-2018). This finding is 

consistent with the current literature that has demonstrated that serious adverse 

events of BIPSS are uncommon (Losa, Allora et al. 2019). 

 

Mayo Clinic BIPSS Cohort Accuracy Comparison 

Our early reported outcomes (1990-1997) (Bonelli, Huston et al. 2000) demonstrated 

a sensitivity of 92.2% and specificity of 90% for detection of CD with a lateralization 

accuracy of 70%.  In contrast our current reported 20 years’ experience (1998-2018) 

demonstrates a 99% sensitivity and 92% specificity for detection of CD with a 

lateralization accuracy of 60%. 

 

Clinical Outcomes 

Other large academic medical centre BIPSS reviews have demonstrated 83% 

confirmed diagnosis in the post BIPSS cohort, of which 94% had pituitary tumours, 5% 

bronchial carcinoids and 1% adrenal tumours (Swearingen, Katznelson et al. 2004).  

Of our 129 patients who underwent BIPSS using oCRH stimulation (Figure 2), 97 

patients (75%) were correctly given a confirmed diagnosis of either CD (87 patients) 

or EADCS(10 patients) using BIPSS. Of these 97 patients with a confirmed post 

BIPSS diagnosis 90% had pituitary tumours, 8% bronchial carcinoids (predominantly 

right sided) and 2% miscellaneous (e,g, neuroendocrine tumour, thymic carcinoid). 

 

The EADCS sites that we observed are consistent with the literature which report 

predominantly pulmonary carcinoid, neuroendocrine tumour, gastrinoma, thymic 

carcinoid sites in other large cohort series and therefore should prompt focused 

radiological investigation of these areas with a negative BIPSS result (Ilias, Torpy et 

al. 2005). It is worth noting that of the 87 CD patients that were in remission after 
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pituitary surgery (Figure 3), longitudinal follow-up demonstrated that 13 patients (15%) 

had recurrent hypercortisolism and therefore this demonstrates that all patients, even 

those who are regarded as in remission require long term follow-up (Nieman, Biller et 

al. 2008). 

 

Conclusion 

We report on 143 patients (Figure 1) who underwent BIPSS at Mayo Clinic (1998-

2018). Of these 94 patients were confirmed CD and 13 confirmed EADCS. Our 

technical success with BIPSS rate has remained excellent. We report no major 

morbidity in our patient cohort over twenty years practice. We again found that BIPSS 

is a poor predictor of pituitary tumour lateralisation.  

 

It is important to remember that BIPSS is an invasive test, even though morbidity is 

uncommon, as demonstrated it does not always provide the diagnostic accuracy 

expected or required in real world scenarios. In addition total radiation exposure during 

BIPSS has been reported at roughly 5.5-17.6 mSv (roughly corresponding to 1.4-4.3 

CT Head scans). Since pre-test probability of CD is so high, patient input into the 

decision making process of the use of BIPSS is important (Losa, Allora et al. 2019) 

 

We believe that management of CS is best undertaken by an experienced 

multidisciplinary team taking into consideration clinical status, biochemical results , 

imaging studies and patient input in order to make the best decision (Lad, Patil et al. 

2007). All CD patients who have been diagnosed and surgically in remission require 

long term clinical follow-up. 
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Chapter 5  BIJVS vs BIPSS at Mayo Clinic 

 

Title  

A Comparison of Bilateral Internal Jugular Vein Sampling with Bilateral Inferior 

Petrosal Sinus Sampling at Mayo Clinic (1998-2018) 

 

Abstract 

Introduction   

Distinguishing between pituitary Adrenocorticotropic Hormone (ACTH) dependent 

Cushing Syndrome (CS) or Cushing Disease (CD) from Ectopic ACTH dependent 

Cushing Syndrome (EADCS) is diagnostically challenging. Bilateral Inferior Petrosal 

Sinus Sampling (BIPSS) is considered the gold standard, however it is technically 

challenging and therefore Bilateral Internal Jugular Vein Sampling (BIJVS) has been 

suggested as an alternative but data is limited. Therefore our objective was to compare 

the diagnostic performance of these two interventional radiology tests in patients with 

ACTH-dependent CS 

 

Design 

We retrospectively reviewed (1998-2018) the Electronic Health Record of all patients 

at Mayo Clinic who underwent both BIPSS and BIJVS 

 

Patients  

There were 109 patients who underwent dual simultaneous interventional radiological 

catheterisation. However of this cohort only 81 patients ultimately had a confirmed 

histological or biochemical diagnosis (74 patients with CD and 7 patients with EADCS). 

Results  



MD Thesis 

 

58 
 

Basal BIJVS ratio ≥ 2 was positive in 35/74 CD patients compared to 68/74 CD patients 

with BIPSS. Post oCRH stimulation BIJVS ≥ 3 was positive in 59/74 CD patients 

compared to 72/74 CD patients with BIPSS. This represents a 82% Sensitivity and 

86% Specificity for BIJVS compared to a 97% Sensitivity and 100% Specificity for 

BIPSS. 

 

Conclusion 

BIPSS is superior to BIJVS for the establishing the cause of ACTH-dependent CS. 

 

 

Introduction 

Establishing the cause of ACTH-dependent Cushing Syndrome is one of the most 

challenging tasks in clinical endocrinology.(Carpenter 1988) However correct 

localisation of the site of ACTH localisation is essential in order to guide appropriate 

therapy (Erickson, Huston et al. 2004). The pre-test probability is approximately 80% 

that the hypersecretion of ACTH is from the pituitary gland (Cushing Disease, CD) and 

in 20% of patients it is from an ectopic source (EADCS) (Carpenter 1988). 

 

Radiological imaging (e.g. MRI) is often non-diagnostic and incidental pituitary 

adenomas can occur in 10-20% of the healthy population which can cause erroneous 

false positive results (Booth, Redelmeier et al. 1998). Therefore Bilateral Internal 

Petrosal Sinus Sampling (BIPSS) has become the gold standard to differentiate 

between CD and EADCS (Losa, Allora et al. 2019). However BIPSS is expensive, 

technically challenging and therefore only available in certain academic medical 

centres (Deipolyi, Bailin et al. 2017). Therefore several authors have suggested the 

use of the less onerous Bilateral Internal Jugular Venous Sampling (BIJVS) as a 

potentially simpler alternative in the site location of ACTH hypersecretion compared to 

BIPSS. 
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This study compares the diagnostic efficacy of BIJVS compared to BIPSS to establish 

its diagnostic performance in the same patient cohort, as the values were taken 

simultaneously.  

 

Methods 

We obtained Mayo Clinic Institutional Review Board approval to retrospectively study 

the Electronic Health Record of all patients (1998-2018) who underwent dual 

simultaneous BIJVS and BIPSS. This produced a cohort of 109 patients, of which 84 

went for pituitary surgery and 74 were diagnosed (biochemically or pathologically) with 

CD.  

 

The diagnosis of ACTH-dependent CS was firmly established by the following findings: 

plasma ACTH > 3·3 pmol/l, 24-h urine cortisol > 151·7 mcg/24hrs by high performance 

liquid chromatography (HPLC) assay or > 298 mcg/24hrs by radioimmunoassay (RIA), 

or an abnormal low-dose 2-day dexamethasone suppression test. The following 

criteria were applied for enrolment into the study: results of imaging studies [computed 

tomography (CT) or magnetic resonance imaging (MRI) of the pituitary gland] were 

equivocal, a discrete lesion (> 5 mm) was identified on pituitary imaging but the results 

of peripheral ACTH sampling after CRH stimulation were equivocal, persistent CS 

after previous transsphenoidal surgery failure, or there was discrepancy between the 

clinical features, biochemical endocrine evaluation, or imaging results. Patients who 

clearly had metastatic malignancy and very high ACTH levels (e.g. > 44 pmol/ 

day) were not eligible.(Erickson, Huston et al. 2004) 

 

Sampling techniques 

As described previously (Erickson, Huston et al. 2004), BIPSS and BIJVS were 

performed simultaneously in each patient. Catheterization was performed through a 

bilateral femoral vein approach using a coaxial catheter technique by passing Tracker 
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18 catheters (Target Therapeutics, Fremont, CA, USA) into petrosal sinuses through 

5·8 Fr catheters positioned in the internal jugular veins. After the catheters were placed 

in the inferior petrosal sinus, the position of the catheter tip was confirmed with hand 

injection of contrast agent with digital subtraction angiographic (DSA) technique. 

Samples were obtained simultaneously and bilaterally from the inferior petrosal sinus, 

internal jugular vein and peripheral veins before (−5 min, − 1 min) and at 2, 5 and 10 

min after intravenous administration of oCRH (1 μg/kg of body weight). The only 

technical difference from performing the IPSS procedure without IJVS was the use of 

a slightly larger introducing catheter (5·8 F vs. 5 F). The slightly larger introducing 

catheter allows blood to be drawn without removing the microcatheter or needing an 

additional catheter. Measurement of serum ACTH concentrations required 3 ml of 

blood, and samples were obtained without difficulty through microcatheters in 

approximately 75 s. A technically successful catheterization was defined as bilateral 

catheterization of the inferior petrosal sinus in which catheters did not change position 

during the course of IPSS. The plasma concentration of ACTH was measured at Mayo 

Medical Laboratories with an extraction RIA in which the antibody was generated 

against synthetic ACTH 1–24. Intraassay and interassay coefficients of variation were 

7·6% and 10·5%, respectively (Kao, Jiang et al. 1979) For determining the source of 

ACTH production, the ratio of central-to-peripheral ACTH levels for BIPSS and BIJVS 

before and after CRH was calculated. A ratio of central-to-peripheral ACTH levels in 

samples from the inferior petrosal sinus and internal jugular vein ≥ 2 at baseline or a 

ratio ≥ 3 after the administration of CRH was considered diagnostic of CD. Ratios not 

diagnostic of CD were indicative of EADCS (Oldfield, Doppman et al. 1991). 

 

 

Results 

Of 109 patients identified (Figure 1) who had dual BIJVS and BIPSS over 20 years at 

Mayo Clinic (1998-2018), 92 were BIPSS positive and 17 were BIPSS negative. Due 

to clinical considerations only 84/92 BIPSS positive patients proceeded to pituitary 

surgery. Seventy four patients who underwent pituitary surgery had CD, as proved by 

positive immunohistochemical staining for ACTH pituitary tumour or biochemical 
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remission (serum cortisol concentration < 5 mcg/dl) after transsphenoidal pituitary 

surgery. 

 

Figure 1 Dual BIJVS / BIPSS Patient Cohort (1998-2018) 

 

Seven patients of the 17 who were BIPSS were found to have histologically proven 

EADCS. The demographic data for these 74 patients with CD and 7 patients with 

EADCS can be seen in Table 1. 

 

Category CD (n=74) EADCS (n=7) 

Gender 62 F: 12 M 6 F: 1 M 

Median Age (yrs) 42 50 

Range of Ages (yrs) 19-82 23-50 

Median 24 hour Cortisol (ug/dL) 152 380 

Range 24 hour Cortisol (ug/dL) 16-1314 47-1663 

Median Baseline ACTH (pg/mL) 56 97 

Range Baseline ACTH (pg/mL) 12-203 75-270 

 

Table 1 Patient Demographics 

 

The baseline CRH BIPSS identified 68/74 of CD patients  compared to 35/74 of CD 

patients identified by BIJVS. The post oCRH stimulation BIPSS identified 72/74 of CD 
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patients, compared to 59/74 of CD patients identified by BIJVS [Table 2]. BIPSS 

correctly identified 7/7 patients with EADCS and no false negatives identified 

compared to 6/7 patients with EADCS by BIJVS but which also had 13 false negatives 

identified [Table 2]. 

Variable Sensitivity Specificity 

Pre-CRH BIPSS 92% 100% 

Pre-CRH BIJVS 47% 86% 

Post-CRH BIPSS 97% 100% 

Post-CRH BIJVS 80% 86% 

Pre- or post-CRH 
BIPSS 100% 100% 

Pre- or post-CRH 
BIJVS 82% 86% 

Table 2 Diagnostic Performance of BIPSS vs BIJVS 

 

BIJVS central to peripheral ratios underestimated BIPSS ratios [Table 3]. For CD the 

baseline Mean BIPSS ratio is 17 compared to 2 for BIJVS, while the post-CRH Mean  

BIPSS ratio is 63 compared to 6 for BIJVS. 

 

Diagnosis 
No of 

patients 
Measured 

Ratios 
Mean ACTH 

Ratio 
Minimum ACTH 

Ratio 
Maximum ACTH 

Ratio 

CD 74 Pre-CRH IPSS 17 1 228 

    
Post-CRH 

IPSS 63 0 777 

    Pre-CRH IJVS 2 0 20 

    
Post-CRH 

IJVS 6 1 133 

EADCS 7 Pre-CRH IPSS 1 1 1 

    
Post-CRH 

IPSS 1 1 1 

    Pre-CRH IJVS 1 1 1 

    
Post-CRH 

IJVS 1 1 1 

 

Table 3 Mean/Min/Max ACTH Ratios – BIPSS vs BIJVS 

 

This trend of ACTH ratio underestimation between BIJVS and BIPSS can be more 

clearly seen in Table 4, where Mean Max/Min ACTH ratios are contrasted between 

the two techniques. 
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Diagnosis 
No of 

patients Variables 
Mean MAX ACTH 

Ratio 
Mean MIN ACTH 

Ratio 

CD 74 Pre-CRH IPSS Ratio 29 6 

    
Post-CRH IPSS 

Ratio 111 15 

    Pre-CRH IJVS Ratio 3 1 

    
Post-CRH IJVS 

Ratio 11 2 

EADCS 7 Pre-CRH IPSS Ratio 1 1 

    
Post-CRH IPSS 

Ratio 1 1 

    Pre-CRH IJVS Ratio 1 1 

    
Post-CRH IJVS 

Ratio 1 1 

 

Table 4 Mean Max ACTH / Mean Min ACTh – BIPSS vs BIJVS 

 

Discussion 

Our study demonstrates a significant difference in sensitivity and specificity between 

the use of BIPSS (100% / 100%) and BIJVS (82% / 86%) when compared as a 

diagnostic test in the evaluation of EADCS in a simultaneously sampled group of 

patients. The noted reduced BIJVS ACTH ratio results are likely due to the inherent 

venous dilution that occurs as you move the catheter further from the pituitary source 

(Ilias, Chang et al. 2004) Our results are in keeping with early studies of BIJVS 

(Corrigan, Schaaf et al. 1977) which also demonstrated disappointing results Our 

results are in keeping with early studies of BIJVS (Corrigan, Schaaf et al. 1977) which 

also demonstrated disappointing results (85% Sensitivity) (Doppman, Oldfield et al. 

1998).  

Conclusion 

Therefore this work demonstrates that overall BIPSS remains the single best 

diagnostic test for the differential diagnosis of ACDS. The sensitivity / specificity of 

BIJVS that we have reported less than literature reported diagnostic performance of 

the peripheral oCRH test (89% Sensitivity, 100% Specificity) .(Natt and Young 1997). 

Since the peripheral oCRH test is cheaper, safer and easier to perform than the BIJVS, 

it is difficult to advocate for the use of BIJVS in the diagnostic workup of a patient with 

ADCS. 
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Chapter 6  oCRH Test for the Diagnosis of CD 

 

Title:  

The Diagnostic Accuracy of the Ovine Corticotropin Releasing Hormone 

Stimulation Test to differentiate Pituitary from Ectopic Adrenocorticotropic 

Hormone Dependent Cushing Syndrome 

 

 

Abstract 

 

Objective 

Determining the cause of Adrenocorticotropin hormone dependent Cushing syndrome 

can be a diagnostic challenge often requiring the gold standard but invasive bilateral 

inferior petrosal sinus sampling. The aim of this study was to determine the diagnostic 

accuracy of several different published threshold criteria for the ovine Corticotropin 

Releasing Hormone stimulation test to distinguish between pituitary ACTH-dependent 

Cushing syndrome and ectopic ACTH-dependent Cushing Syndrome. 

 

Design 

A retrospective analysis (1998-2018) of the electronic medical record was carried out 

at a tertiary referral centre.  

 

Patients 

To ensure accurate diagnostic categorization, we limited our review to those adult 

patients (n=97) who underwent BIPSS in the evaluation of ACTH-dependent Cushing 

Syndrome and had confirmed pituitary (n=87) or ectopic (n=10) site localization. 

 

Measurements 

Peripheral ACTH and cortisol values before and after oCRH administration were 

recorded and compared to previously reported criteria to establish optimum diagnostic 

accuracy.  This was achieved through statistical analysis which included receiver 
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operator curve analysis, calculation of sensitivity, specificity, positive and negative 

predictive values, likelihood and diagnostic odds ratios. 

 

Results 

A 73% increase of ACTH post oCRH administration was the most accurate diagnostic 

criteria. This occurred within 30min post oCRH injection for 100% of pituitary ACTH 

dependent Cushing Syndrome patients. Using this threshold gave a 94% sensitivity, 

80% specificity and a diagnostic odds ratio of 60. 

 

Conclusion 

This work reviewed the diagnostic accuracy of various published oCRH threshold 

criteria for the correct diagnosis of pituitary ACTH dependent Cushing Syndrome on a 

retrospective cohort of patients who underwent BIPSS at our institution. A post oCRH 

injection, ACTH Δ ≥73% within 30 minutes was the single best diagnostic criteria to 

differentiate pituitary from ectopic ACTH hormone production sites. 

 

 

Introduction 

Cushing Syndrome (CS) is a collection of signs and symptoms related to chronic 

hypercortisolism 1. CS is classified into two types: exogenous CS (e.g., administration 

of excess oral, parenteral, inhaled, or topical glucocorticoids) and endogenous CS. 

The latter can be divided into Adrenocorticotropin hormone (ACTH) dependent and 

ACTH-independent CS.  ACTH-dependent CS, which accounts for approximately 85% 

of endogenous CS, is further divided into either Pituitary ACTH-dependent CS or 

Cushings Disease (CD), representing circa 90% of cases and the remainder are 

Ectopic ATCH-dependent CS (EADCS) (e.g., small cell lung cancer, bronchial 

carcinoid tumor) 2 3,4.   

  

The diagnosis of CS is clinically challenging, particularly the differentiation 

between CD and EADCS5. After hypercortisolism has been established, ACTH is then 

measured to categorize the CS type. If ACTH dependent, then to differentiate between 

pituitary and ectopic sources, clinicians have a choice of either the high dose 

dexamethasone suppression test (HDDST), the corticotropin-releasing hormone 
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(CRH) test or a combination of both HDDST and CRH test. The physiological premise 

of the HDDST is that CD is less resistant to glucocorticoid feedback inhibition than 

EADCS, however there are notable exceptions to this concept such as bronchial 

carcinoids6. Therefore the HDDST has been shown to have low diagnostic accuracy 4 

and subsequently many clinical centers only use the CRH test alone for ACTH source 

identification, as it has higher diagnostic effectiveness7. Nevertheless the published 

literature has also demonstrated varying diagnostic accuracy of the CRH test due to 

several factors including the type of CRH species (ovine(o) vs human(h)), CRH 

dosage (100 mcg vs 1mcg/kg), assay type (Immunoradiometric assay-IRMA vs 

Radioimmunoassay-RIA), test timing (morning vs evening) and also related to the wide 

variety of diagnostic threshold criteria used in its interpretation (Table 1) 4,7-11. 

 

 

Table 1 Diagnostic Thresholds for ACTH / Cortisol for the diagnosis of Cushing 

Disease (CRH  O=Ovine / H=Human) 

 

CRH is a peptide hormone that is secreted from the paraventricular nucleus of 

the hypothalamus which stimulates the release of ACTH from the anterior pituitary 

gland9. The use of the CRH test to distinguish between CD and EADCS is based on 

the physiological principle that pituitary corticotroph adenomas are responsive to 

oCRH whereas ectopic ACTH secreting tumors are not 9. 

 

The available discordant diagnostic criteria for the oCRH test includes different 

threshold levels for peripheral serum ACTH, cortisol or both, recorded at various time 

intervals before and after oCRH administration. In 1993 an NIH study investigated the 

optimal diagnostic threshold (Table 1) for ACTH/Cortisol in an oCRH stimulation test 

using 118 patients (17 confirmed EADCS). The work described that best response for 

ACTH occurred using time-points -5, -1 min before and +15, +30 min whereas the best 

response for cortisol was obtained using -5,-1 min before and +30, +45min after oCRH 

administration10. Following on from this in 1997, a Mayo Clinic study of 77 patients (13 
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EADCS), described different hormonal thresholds and optimal diagnostic efficacy 

(Table 1) using time points -15,-5,-1min before and +30, +45,+ 60 post oCRH 9.  

 

In 1999, a large Italian multicenter study (426 patients with CS) again 

demonstrated different thresholds and diagnostic efficacy (Table 1) using alternative 

time points -15, 0, +5, +10, +20, +30, +45, +60, +90, +120 min)12 in the classification 

of CD vs EADCS. However given the heterogeneity of this Italian multicenter study, in 

20018, a further focused sub-analysis was carried out, examining the influence of 

various factors such as testing modalities (e.g. assay type – IRMA vs RIA) was 

examined. This analysis, similar to the main study12 had used both human and ovine 

CRH in 160 patients (148 with CD, 12 with EADCS) and used time points -15, 0, +5, 

+10, +20, +30, +45, +60, +90, +120 min. The sub-analysis demonstrated assay 

equivalency (IRMA or RIA) and also no difference in the use of either oCRH or hCRH 

with respect to assessment of ACTH hormonal response (which they noted provided 

the most accurate diagnostic criterion compared to cortisol). However they did note 

that oCRH provided a more robust cortisol response compared to hCRH. 

 

In 2003, a comparison was done between the HDDST and the oCRH test to 

determine which was the most reliable non-invasive test to diagnose CD from EADCS. 

This study showed that using time points -15, 0, +15, +30, +45, +60, +90 min and 

diagnostic thresholds of ACTH ≥50% and Cortisol ≥30% was better than HDDST and 

therefore recommended CRH only testing4. Finally in 2015 it was demonstrated that 

ACTH alone with a threshold of ≥43% at 15 minutes after hCRH administration was 

the strongest predictor of CD. 

 

Therefore the aim of this work was to apply and compare all of the previously 

published threshold criteria to a retrospective cohort of patients with hypercortisolism 

who underwent oCRH stimulation and BIPSS in the evaluation of ACTH Dependent 

CS. In addition we carried out a ROC analysis of our own dataset to establish the 

optimum threshold criteria for the cheaper non-invasive oCRH test compared to the 

more expensive, invasive and technically challenging BIPSS gold standard which is 

only available at a few selected hospitals worldwide. 
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Methods 

After ethical approval was obtained, a 20 year retrospective review (1998-2018) was 

carried out of electronic medical records of adult patients who underwent simultaneous 

(thus minimizing any concerns for changes due to periodic hormonogenesis) oCRH 

stimulation and the BIPSS procedure for ACTH-dependent CS at our institution (Mayo 

Clinic, Rochester, MN). 

   

 Blood samples for measurement of ACTH and cortisol were obtained at -5 and 

-1 minutes before the administration of oCRH and  +2, +5,+10, +30, +45, and +60 

minutes following the administration of oCRH.  

 

oCRH (Acthrel, corticorelin ovine triflutate) was supplied by Ferring 

Pharmaceuticals Inc. (Parsippany, NJ, USA) and reconstituted in physiologic saline. It 

was administered as an intravenous bolus at a dose of 1 mcg/kg of body weight 

(maximal dose=100 mcg). The patients remained supine throughout the test. Blood 

samples were withdrawn into chilled tubes that contained ethylenediaminetetraacetic 

acid (EDTA), and they were centrifuged within 30 minutes at 4°C. 

 

Assays 

All assays were performed by Mayo Medical Laboratories. Plasma cortisol was 

measured by an automated chemiluminescent immunoenzymatic assay system 

(Beckman Access; Beckman Coulter, Brea, CA). Plasma ACTH assays were analyzed 

by automated immunoassay (Nichols Institute Diagnostics, San Juan Capistrano, 

CA)5.  

The categorization of CS was determined by the gold standard13 BIPSS 

procedure. CD was diagnosed when the central-to-peripheral plasma ACTH gradient 

was ≥2 before oCRH administration or ≥3 after oCRH administration13.  

 

Definitions for the oCRH  results 

The basal serum ACTH and cortisol values were determined by calculating the 

mean of the two baseline values before administration of oCRH. For this study the 

delta (Δ) is the percentage change from this mean baseline value. The peak response 

was the highest value post oCRH administration.  
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Based on our review of the literature (Table 1), different hormonal thresholds 

that have previously been used to diagnose pituitary ACTH-dependent CS (with 

varying diagnostic ability) using oCRH, were tested on our dataset for comparison. An 

increase in ACTH or cortisol less than these thresholds was considered a negative or 

blunted response, consistent with EADCS. 

  

Statistical Analysis 

Data were expressed as mean values ± standard deviation and statistical 

analysis was done with IBM SPSS (Version 23, Armonk, NY, USA). Analysis of 

variance (ANOVA) was used to assess if there was statistical significant difference in 

different variables between the two groups (CD and EADCS). 

 

To comprehensively evaluate the diagnostic accuracy of the previously 

published thresholds for the oCRH stimulation test, we calculated several statistical 

indices including sensitivity, specificity, positive predictive value (PPV) and negative 

predictive values (NPV).  

Then to better characterize the diagnostic utility of the various thresholds, we 

also calculated the likelihood ratios (LR), which allowed us to assess the value of 

performing the oCRH diagnostic test. A LR > 1 indicates that the test result is 

associated with the disease and a LR < 1 indicates that the test result is associated 

with absence of the disease. Moreover, the further the LR is from 1, the stronger the 

association 14. We then used Bayes Theorem and LR to revise the posttest disease 

probability as follows: Posttest odds = Pretest odds x LR.  Finally to provide the 

clinician with a useful index of diagnostic effectiveness for comparison between the 

different thresholds, we also calculated the diagnostic odds ratio (DOR)15. It is a single 

indicator of test performance and is independent of prevalence. 

 

Results 

We identified 97 patients with ACTH-dependent CS who underwent successful 

BIPSS using standard criteria13 and oCRH stimulation at Mayo Clinic from 1998-2018. 

All of these patients had a confirmed diagnosis of either CD (n=87, demonstrated by 

either pituitary adenoma histology or post-operative hypocortisolism) or EADCS 

(n=10, demonstrated by histology). 
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Categorisation 
Cushing’s 

Disease (87) 
Ectopic  

(10) 
Total 
(97) 

Mean Age (yr) 43 49 44 

Median Age (yr) 42 51.5 43 

Range Age (yr) 19-82 23 19-82 

Sex       

    Female 66 (76%) 6 (60%) 
72 

(74%) 

    Male 21 (24%) 4 (40%) 
25 

(26%) 

Mean ACTH (pg/mL) 66 116 70 

Mean AM Cortisol 
(ug/dl) 24 42 26 

Mean PM Cortisol 
(ug/dl( 34 26 33 

Mean 24hr Urinary 
Cortisol 234 558 268 

Mean Potassium 
(mmol/L) 4 4 4 

 

Table 2 Patient Characteristics 

 

Analysis of the baseline data demonstrated that there was no statistical 

difference for Age, PM Cortisol or Potassium between the two (CD vs EADCS) groups. 

However there was statistical significant difference for ACTH (p=0.002), AM Cortisol 

(p=0.001) and Urinary Cortisol (p=0.001).  

 

We then carried out ROC analysis (Figure 1) on our ACTH dataset, to assess 

the sensitivity / specificity tradeoff to correctly categorize patients into either CD or 

EACS. The area under the curve was found to be 0.854. The optimum sensitivity (94%) 

and specificity (80%) was found at ACTH Δ≥73% in our dataset [Table 3]. 
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Figure 1 ROC analysis on %Δ ACTH from baseline 

 

 

Applying the previously literature described percentage changes (%Δ) using 

the oCRH stimulation test, from baseline thresholds for ACTH and cortisol we 

identified the following diagnostic test characteristics from our dataset [Table 3]: 

 

 

Criteria Sensitivity Specificity PPV NPV LR+ LR- DOR 

ACTH Δ≥35% 95 70 97 64 3.18 0.07 45 

ACTH Δ≥43% 95 70 97 64 3.18 0.07 45 

ACTH Δ≥50% 95 70 97 64 3.18 0.07 45 

ACTH Δ≥73% 94 80 98 62 4.17 0.07 60 

Cortisol Δ≥20% 92 60 95 46 2.30 0.13 18 

Cortisol Δ≥30% 89 60 95 38 2.21 0.19 12 

Cortisol Δ≥33% 89 60 95 38 2.21 0.19 12 

Cortisol Δ≥50% 82 70 96 30 2.72 0.26 10 

Cortisol Δ≥70% 68 90 98 24 6.78 0.36 19 

 

Table 3 ACTH / Cortisol Threshold Test Characteristics 

Abbreviations used: ACTH, corticotropin; DOR, diagnostic odds ratio; 

LR+, likelihood ratio of a positive test result; LR-, likelihood ratio of a 

negative test result;  NPV, negative predictive value; PPV, positive 

predictive value; 
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In our patient cohort ACTH ≥ 35% [Niemen et al, 1993] had the same DOR as ACTH 

≥ 43% [Ritzel et al, 2015] and ACTH ≥ 50% [Natt et al, 1997]. As an example 

reviewing the data, Cortisol Δ≥20% correctly identified 80/87 patients with CD and 

6/10 patients with EADCS. However Cortisol Δ≥50% was better at stratifying EADCS 

7/10 patients but reciprocally poorer at identifying CD with 71/87 correctly 

categorized. 

 

The optimum diagnostic efficacy was achieved using ACTH Δ≥73% (from ROC 

analysis) which correctly identified 82/87 patients with CD and 8/10 patients with 

EADCS.  The 5/87 patients with CD that this diagnostic combination did not identify 

(i.e. false negatives) had baseline ACTH values twice the mean baseline for ACTH, 

suggesting that higher the baseline ACTH the more unlikely that doubling of ACTH will 

occur, since perhaps the pituitary gland is already at a physiological maximum. Our 

data shows that ACTH Δ≥73% has a Diagnostic Odds Ratio = 60, which is superior 

than for example either ACTH Δ≥50% (DOR=45) or Cortisol Δ≥50% (DOR=10), 

Further analysis of our dataset demonstrated that maximum ACTH was achieved 

within 30 minutes and maximal Cortisol was achieved within 60 minutes of oCRH 

injection. 

 

 

Discussion 

After diagnosing hypercortisolism and ACTH dependence, the oCRH stimulation test 

is often used to differentiate between CD and EADCS in the outpatient setting. The 

correct categorization of CD versus EACS is difficult as imaging studies are often 

unhelpful, as approximately 10% of healthy individuals have pituitary incidentalomas 

on pituitary-directed MRI, which can then create false positives on radiographic 

interpretation.16 In addition, even in patients with biochemically proven pituitary-

dependent CS, there is no pituitary lesion present on MRI in 40% of cases 17. The gold 

standard diagnostic test to categorize CD and EADCS is BIPSS13. However, BIPSS is 

an invasive, expensive, and technically challenging procedure and is only carried out 

in a few experienced centers 18.  

 

The HDDST has poor diagnostic accuracy and therefore it is not widely used 

for CD / EADCS differentiation19. Therefore, the most commonly used non-invasive 
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test to distinguish between CD and EACS is the CRH stimulation test. As outlined in 

Table 1, different studies have used various diagnostic criteria in the interpretation of 

the oCRH stimulation test due to different patient cohorts, protocols and controlling for 

specificity. For example Nieman et al 10 used the oCRH stimulation test to differentiate 

CD from EADCS and reported 100% specificity and a sensitivity of 93% for ACTH 

(Δ≥35%) and 88% for cortisol (Δ ≥20). However they noted that patients with ectopic 

disease treated with a cortisol suppressing medication (e.g. metyrapone) could 

produce false positive results with an oCRH test. In addition they acknowledged that 

it was likely that the threshold criteria would change in subsequent studies based on 

a different cohort of patients with EADCS (e.g., bronchial carcinoid), which would 

exceed their thresholds.  

 

The variation in the reported statistical outcomes in these studies is likely due 

to several factors including cohort selection.  For example, in cases where the 

hypothalamus-pituitary-adrenal axis is not fully suppressed, patients with EADCS (e.g. 

bronchial carcinoid) may respond inappropriately to a pituitary stimulation test causing 

a false positive result20. In addition, prior studies have shown that 8% of patients with 

CD patients do not have an appreciable rise in peripheral plasma ACTH (or cortisol), 

though they do produce enough ACTH to meet the IPSS criteria of ≥3 central to 

peripheral ACTH gradient13.  

 

We have now shown the diagnostic efficacy of reported criteria, in a large 

patient series with a cohort of 87 patients with CD and 10 patients with EADCS21  The 

peak serum ACTH / Cortisol response in the majority of patients occurred between 30-

60 minutes post oCRH which corresponds to the reported literature11
. 

 

Specifically previous reports have shown that most patients with CD have 

maximal post oCRH increments in ACTH within 45 minutes of intravenous injection of 

oCRH 4,11. However other studies have suggested that measuring the plasma ACTH 

response at 15 minutes only 7 or up to 30 minutes are sufficient10. Our findings would 

suggest that measuring up to 30 minutes would capture all positive maximal ACTH 

responses. 
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Using the DOR to select the most effective diagnostic test, our analysis 

demonstrates that an oCRH stimulation test using ACTH Δ≥73% (DOR=60) alone is 

the most appropriate choice.  

 

 We believe that using the DOR and LR approach for the oCRH stimulation test 

provides clarity to clinicians faced with the diagnostic dilemma of evaluating the 

location of ACTH dependent CS. Our results also are in keeping with previous studies4 

have also advocated ACTH alone as the single best criteria to use while interpreting 

the oCRH stimulation test. The LR summarizes the test sensitivity and specificity and 

allows the posttest revision of clinical disease probability using Bayes Theorem (as 

described above in Methods section). For example if a 30-year-old woman presents 

with biochemically confirmed hypercortisolism, a clinician may calculate a pretest 

probability (P) for pituitary-dependent CS of approximately 0.8 (based on clinical 

judgement, age, sex and likely site of ACTH dependent CS). However as a clinician 

you may want the probability to be >90% (0.9) before considering sending the patient 

for transphenoidal pituitary surgery and therefore a positive oCRH diagnostic test 

(ACTH Δ≥73% ) will increase your diagnostic probability as follows:  

 

A pre-test probability of 0.8 corresponds to the pretest odds of a disease (=P/(1-

P)) = 4.  Therefore using the diagnostic accuracy data that we have presented above, 

a positive oCRH stimulation test (e.g. ACTH Δ≥73% LR+ = 4.17) can be used to 

calculate the post-test probability of having CD. Therefore applying Bayes Theorem, 

Posttest Odds=4x4.17=16.68, which when converted to posttest Probability (O/(O+1)) 

= 0.94. In other words, a positive oCRH test (using ACTH Δ≥73%) has increased the 

probability that the patient has CD from 0.8 to 0.94, thereby strengthening your 

decision to send them for surgical intervention. 

 

Reciprocally, using the same criteria (ACTH Δ≥35% or Cortisol Δ≥35%), a 

negative oCRH stimulation test (LR- =0.07) results in PO=4x0.07=0.28, which when 

converted to posttest probability=0.22, showing that the posttest probability has 

decreased significantly compared to the pretest probability (0.8). Therefore, if your 

threshold of intervention (i.e. pituitary surgery) is set at a probability of ≥0.9 that the 

patient has CD, then the oCRH test with the above threshold criteria has clinical utility 

in a patient with a reasonably high pre-test probability (in this example 0.8). 
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We acknowledge that using statistical metrics requires the onerous arithmetical 

transformation of pre-test probabilities into odds, multiplied by the oCRH test LR and 

converted from odds back to finally calculate the posttest probability, a complex task 

for busy clinicians 22. However, a simple visual tool exists to carry out these 

mathematical steps and is freely available online, the Fagan nomogram 

(http://goo.gl/1kFwEH) 23. This is a graphical tool which integrates Bayes theorem and 

allows clinicians to quantify the post-test probability that an individual is affected by a 

condition given an observed test result (LR) using the probability of the individual 

having the condition before the test was run (pretest probability), in a straight forward 

and intuitive way 23. 

 

 

Conclusion 

The oCRH stimulation test is the most commonly used non-invasive diagnostic test for 

the distinction between pituitary-dependent and ectopic ACTH-dependent CS. Our 

study outlines the diagnostic accuracy of the oCRH stimulation test in a large cohort 

of patients with known CD and EADCS and establishes optimum threshold criteria. 

The findings support using the single hormonal threshold of either ACTH Δ≥73% alone 

within 30 minutes of oCRH stimulation. We encourage all clinicians who use the oCRH 

stimulation test, to use the above derived LR (Table 3) with the Fagan nomogram to 

establish the post-test probability of CD.   
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Chapter 7 Conclusion 

“The capacity of man himself is only revealed when, under stress and responsibility, 

he breaks through his educational shell, and he may then be a splendid surprise to 

himself no less than to this teachers” 

Harvey Cushing (1869-1939) 

 

Primum non nocere – First Do No Harm is a central tenant of medicine. Therefore an 

important part of clinical practice is to continuously reflect and analyse the clinical 

techniques and protocols that we use to help patients, to ensure that they are optimum.  

 

The first chapter of this thesis initially outlines the etiology and hypothesis of this 

research work, which is to assess the diagnostic insights of BIPSS in the Diagnosis of 

Cushings Disease at Mayo Clinic over the last twenty years (1998-2018). Quantitative 

reflective practice is at the heart of this research work, critically analysing the 

diagnostic performance of BIPSS to assess its utility in patients with Cushing Disease. 

For historical context, the first chapter introduces the reader to Professor Harvey 

Cushing, who originally described Cushing Syndrome in the early 20th Century.  

 

The second chapter of this thesis outlines the clinical and epidemiological features of 

Cushings Syndrome and in particular highlights the current state of the art of 

biochemical diagnostic testing for this condition. It discusses the nuances of the 

diagnostic challenge for Cushing Syndrome and explains why it is often thought of as 

one of the most challenging disease in clinical medicine to diagnose and treat. Finally 

the chapter discusses current disease management options and follow-up 

recommendations. 

 

Chapter 3 discusses the concept of a diagnostic test and the key terminology that 

describes a tests performance (e.g. sensitivity, specificity, likelihood ratios etc.). This 

is important contextual information for the reader, as the following chapters (laid out in 

journal paper format) discuss the diagnostic test performance results of BIPSS 
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(Chapter 4), JVS (Chapter 5) and oCRH (Chapter 6) that are used in the site 

localisation of ADCS.  

 

Chapter 4 specifically examines the diagnostic test performance of BIPSS over 20 

years at Mayo Clinic (1998-2018). It outlines the unique opportunity to carry out this 

specialised research at a tertiary referral centre such as Mayo Clinic and how these 

findings can add to the literature to improve clinical care. The findings show that BIPSS 

had an excellent technical success rate of 94% of all procedures, with no morbidity or 

mortality from over 147 procedures carried out over two decades. BIPSS procedure 

had a 99% sensitivity and 92% specificity in our cohort, having demonstrated cases of 

both a false positive and a false negative affecting the diagnostic test performance 

results. BIPSS was found to be a poor predictor of lateralisation (~60%) consistent 

with the literature 

 

Chapter 5 demonstrated through rigorous analysis that BIPSS is a significantly better 

diagnostic tool than BIJVS for establishing the cause of ADCS and therefore should 

be done instead where feasible. Finally Chapter 6 has shown that there should be new 

cut-offs (ACTH Δ≥73%) considered for the oCRH test to improve its diagnostic 

performance compared to what has already been already described in the literature. 

 

This thesis work was presented at the Mayo Clinic. Rochester, MN, USA Endocrine 

Grand Rounds in October 2019,. Both the benefits (e.g. correct classification of CD) 

and limitations (e.g. false positives/negatives, lateralisation etc.) were robustly 

discussed and will improve the clinical care of patients with CD in the future. 

 

In summary this thesis work substantially contributes to the academic clinical literature 

by having carried out detailed research and analysis into a significant cohort of patients 

(n=147) who underwent evaluation for Cushing Disease at Mayo Clinic over 20 years.  
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Appendix A 

 

 

 

SI – Conventional Unit Conversion Table 

 

 

 

 

Component  Unit  Conversion Factor  SI Unit 

Corticotropin (ACTH)   pg/mL    0.2202    pmol/L 

Cortisol -- blood   μg/dL    27.59     nmol/L 

Cortisol – 24-hr urine   mcg/24-hr   2.759     nmol/d 

Potassium    mEq/L    1.0     mmoI/L 

Sodium    mEq/L    1.0     mmol/L 


