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Preface

Diseases of the endocrine system involve an imbalance in the natural homeostasis
of the hormones produced by the glands in the body. There are a variety of endo-
crine conditions characterized by either hormonal hyposecretion or hypersecretion.
Often, these conditions can lead to debilitating or, in some instances, life-threatening
situations that can be challenging to diagnose and treat. While one doesn’t often
consider interventional radiology a critical part of the endocrine clinic setting, there
are several conditions for which interventional radiologists can play a valuable role.
These disorders include primary aldosteronism, primary hyperparathyroidism,
Cushing’s disease, hormone-secreting pancreatic adenomas, and androgen-secreting
ovarian tumors. A collaboration of multiple specialties, including endocrinologists,
surgeons, and radiologists, is often needed to diagnose and manage these conditions.

Radiologists play a prominent role in the evaluation of patients with suspected
endocrine disorders. CT and MRI are commonly used first-line imaging modalities;
however, cross-sectional imaging lacks physiologic information resulting in poor
specificity of these tests for many endocrine conditions. Thus, percutaneous selec-
tive venous sampling is a useful diagnostic tool for the medical and surgical man-
agement of patients with select endocrine disorders. Selective venous sampling is a
minimally invasive interventional procedure performed by interventional radiolo-
gists to localize sites of abnormal hormone secretion. These tests can confirm a
suspected clinical diagnosis and, in some instances, direct curative surgical therapy.

As venous sampling procedures are increasingly performed worldwide, the col-
laboration between interventional radiology, endocrinology, surgical endocrinol-
ogy, surgical oncology, neurosurgery, and gynecology teams is essential. Currently,
there are limited guidelines from The Endocrine Society and relatively few pub-
lished papers for each venous sampling procedure. Furthermore, except for the book
“Percutaneous Venous Blood Sampling in Endocrine Diseases” published in 1992
by Springer, there is no modern comprehensive guide for all traditional and newly
emerging selective venous sampling procedures.

To correct this information gap, we have put together a book focusing on selec-
tive venous sampling, including the interventional techniques for diagnosis and
chapters on the pathophysiology, epidemiology, clinical diagnosis, and medical,
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surgical, and interventional treatments of endocrine disorders. We have recruited
experts from endocrinology, endocrine surgery, radiology, and interventional radiol-
ogy to provide a comprehensive and state-of-the-art textbook surrounding the dis-
eases in which venous sampling is typically used. We have also included chapters
on the latest percutaneous therapies that may be the future for treating some com-
mon endocrine disorders, such as hyperthyroidism and hyperparathyroidism. And
given the rise in pediatric interventional radiology in recent years, we felt it was
important to dedicate a chapter to venous sampling in this patient population.

This book is organized into five parts: Clinical, Laboratory, and Radiological
Diagnosis, Selective Venous Sampling, Medical and Surgical Management, and
Intervention Treatments, with chapters in each part addressing primary aldosteron-
ism, hyperparathyroidism, hyperandrogenism, hypercortisolism, and pancreatic
islet cell tumors. This type of organization allows the reader to read the book straight
through to get a comprehensive overview from the initial evaluation through the
different management options for these disease processes. Alternatively, the reader
can select specific chapters to answer a particular question or focus on a single dis-
ease process.

As interventional radiologists, we have experienced firsthand the value and com-
plexity that venous sampling procedures can provide. These procedures can be
gratifying and significantly improve patient care. Understanding the relevant dis-
ease processes from the perspective of the other members of the multi-disciplinary
teams and learning the selective venous sampling techniques from the experts will
help guide the interventional radiologist to be a more valuable team member. We
have thoroughly enjoyed the process of bringing this book together, and we hope
that all readers who are involved in the management of these patients will find this
book a valuable reference for many years.

Chapel Hill, NC, USA Hyeon Yu
Chapel Hill, NC, USA Charles T. Burke
Chapel Hill, NC, USA Clayton W. Commander

The original version of this book was revised: The incorrect author affiliation has been corrected.
The correction to this book can be found at https://doi.org/10.1007/978-3-030-87189-5_22
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Chapter 1
Clinical, Laboratory, and Radiological
Diagnosis of Primary Aldosteronism

Ali Qamar and Lauren M. B. Burke

Introduction

Primary aldosteronism (PA) is the most common [1] cause of secondary hyperten-
sion. Despite its relatively high prevalence, it is commonly underdiagnosed. Patients
with untreated PA have an increased risk of stroke, atrial fibrillation, heart failure,
coronary artery disease [1], and chronic kidney disease [2] when compared to
patients with essential hypertension. Aldosterone-producing adenoma and bilateral
idiopathic hyperplasia are the most common subtypes of PA. Familial hyperaldoste-
ronism is rare and will not be discussed in detail.

History

Dr. J.W. Conn was a Professor of Medicine at the University of Michigan. His
research focused on the mechanisms of human acclimatization to humid heat [3].
He concluded that the body’s acclimatization involved rapidly diminishing renal
salt and water loss. He suggested that these responses were the result of the increased
adrenocortical function of salt-retaining steroids as intramuscular administration of
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deoxycorticosterone acetate (DOCA) produced similar changes in the electrolyte
composition of urine, sweat, and saliva.

In April 1954, he saw a 34-year-old woman with a 7-year history of muscle
spasms, temporary paralysis, tetany, and weakness and a 4-year history of hyperten-
sion. She was found to have a blood pressure of 176/104 mm Hg, severe hypokale-
mia (1.6 to 2.5 mEq/L), mild hypernatremia (146 to 151 mEq/L), and alkalosis
(serum pH 7.62). Because there were no signs or symptoms of glucocorticoid or
androgen excess, Dr. Conn suspected that her clinical presentation was related to
adrenal salt-retaining corticoid [4] and studied DOCA level in the patient’s urine
which averaged 1333 pg/day equivalent compared with normotensive control sub-
jects who averaged 61.4 pg/day.

In December 1954, his study patient was scheduled for bilateral adrenalectomy,
but surgeons found a 13-g right adrenal tumor which was removed while leaving the
contralateral gland intact. “The patient’s postoperative studies showed an almost
total reversal of the preoperative metabolic and clinical abnormalities. Conn had
achieved irrefutable proof of the validity of his investigative conclusions and estab-
lished for the first time the relationship between an adrenal aldosterone-producing
tumor and hypertension with hypokalemia. A new era had arrived in the study of
hypertension and adrenal mineralocorticoids” [5].

In his Presidential Address Primary aldosteronism (PA) history to the 1955 Society
of Clinical Research, Dr. Conn stated: “It is believed that these studies delineate a new
clinical syndrome which is designated femporarily as Primary Aldosteronism” [4].

Prevalence

Historically, the diagnosis of PA was not considered unless a patient had spontane-
ous hypokalemia, and then the diagnostic evaluation would require discontinuation
of antihypertensive medications for at least 2 weeks. This resulted in predicted prev-
alence rates of less than 0.5% of hypertensive patients. Based on the available litera-
ture review, most patients with PA are not hypokalemic, and screening can be
completed while the patient is taking antihypertensive drugs. Current prevalence
estimates for PA suspect the diagnosis in 5-10% of all patients with hypertension
[6-8]. Recently published data from four US academic centers showed a high prev-
alence of biochemically overt PA that parallels the severity of hypertension [9].

Hypokalemia and Primary Aldosteronism

Only 9-37% of patients with PA have hypokalemia [10, 11], and the absence of
hypokalemia in no way should deter clinicians from screening for primary hyperal-
dosteronism. The prevalence of target-organ damage to the heart and kidney is
increased in patients with PA compared to those with essential hypertension [1].
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Case Detection: Who Should Be Tested?

The Endocrine Society guidelines for PA recommend case detection in the follow-
ing patients [11]:

1. Blood pressure over 150/100 on three measurements on different days
2. Uncontrolled blood pressure >140/90 on three conventional drugs, including a
diuretic

3. Controlled blood pressure <140/90 on four or more conventional drugs, includ-
ing a diuretic

. Hypertension and hypokalemia (spontaneous or diuretic-induced)

. Hypertension and adrenal incidentaloma

. Hypertension and sleep apnea [12]

. Hypertension and a family history of early-onset hypertension or cerebrovascu-
lar accident at a young age (<40 years)

8. All hypertensive first-degree relatives of patients with PA

~N N L B

Of note, patients with obstructive sleep apnea for unclear reasons have a very
high prevalence of primary hyperaldosteronism [12].

How to Test

Plasma aldosterone concentration (PAC) and plasma renin activity or plasma renin
concentration (PRC) are measured in a patient with seating position in the morning.
Renin can be measured based on its enzymatic activity (PRA) or its mass (PRC).
PRA is determined by measurement of angiotensin I generation and expressed as
the amount of angiotensin I generated per unit of time (e.g., ng/mL/h).

Interfering Medications

Concern about medication interference has deterred clinicians from screening for
PA. Many medications can interfere with PAC, PRA, and PRC, but screening tests
can be completed when patients are taking interfering medications, including min-
eralocorticoid receptor antagonist (MRA), angiotensin-converting enzyme inhibi-
tors (ACEi), and angiotensin receptor blockers (ARB) as long as PRA is
non-suppressed (>1) [2, 11].

MRA, ACEi, ARB, and direct renin inhibitors can potentially elevate PRC or
PRA. Therefore, if PRA or PRC is suppressed, interfering medications should be
held for 4-6 weeks before repeating case detection studies.

Medications like beta-blockers, calcium channel blockers, alpha-blockers, and
vasodilators like hydralazine have minimal interference. Therefore, they can be
used while patients are being evaluated for primary aldosteronism.
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Hypokalemia should be repleted before testing. PRC can be affected by estrogen
status and false-positive results on case detection testing for PA can occur when
PRC is measured in women receiving estrogen-containing preparations. PRA is not
affected by estrogen preparations and is the recommended screening test [13].

Lab Interpretation

Case detection testing for PA is considered positive when PRA is suppressed to
<1 ng/mL/h (or PRC below the lower limit of normal) and PAC is >10 ng/dL [11].
PAC/PRA ratio is generally >20, and in one study, a PAC/PRA ratio more than 30
and a PA value of more than 20 ng/dL provided a sensitivity of 90%, specificity of
91%, the positive predictive value of 69%, and negative predictive value of 98% [14].

If both PAC and PRA are elevated (after stopping interfering medications), diag-
nosis of renovascular hypertension should be explored. If both PAC and PRA are
suppressed on case detection studies, diagnosis of Cushing syndrome, Liddle syn-
drome, and Licorice use should be considered.

Confirmatory Testing

Most patients with positive case detection will need confirmatory testing. Only
patients who have PAC > 20 and PRA below detection levels and spontaneous hypo-
kalemia [11] can proceed with subtype classification without confirmatory testing.
Confirmatory tests include oral sodium loading test, saline infusion test, fludrocor-
tisone suppression test, and captopril challenge test [11]. Fludrocortisone suppres-
sion test and captopril challenge test are very rarely used and falling out of favor in
most parts of the world.

Oral Sodium Load This is the preferred test at most centers. After controlling
hypertension and hypokalemia, patients are started on a high-sodium diet (this can
be accomplished by adding three 1-gram salt tablets twice a day) for 3 days. On day
3, 24-hour urine creatinine, sodium, and aldosterone, and serum electrolytes are
measured. Urine sodium>200 mEq /24 h (to document adequate sodium load) and
urine aldosterone >12 mcg/24 h confirm the diagnosis of PA.

Saline Infusion Test This test is used in some centers. Patients stay recumbent for
at least 1 h before and during the infusion of 0.9 saline IV over 4 h, starting in the
morning, usually between the hours of 8:00 and 9:30 am. PAC will fall below 5 ng/
dL (140 pmol/L) in normal patients. Values above 10 ng/dL (280 pmol/L) are
consistent with PA. Values between 5 and 10 ng/dl are indeterminate. This test
should not be used in patients with uncontrolled hypertension, renal insufficiency,
and cardiac arrhythmia. Further, patients should be monitored for hypokalemia if
this test is used [11].
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Radiological Diagnosis

All patients with confirmed PA should undergo testing for subtype classification
[11], including computed tomography (CT) or magnetic resonance imaging (MRI)
and adrenal venous sampling (AVYS), if they are surgical candidates and considering
surgery as a potential treatment option.

Multiphasic CT or MRI are typically first-line imaging examinations to help
detect the presence of an adrenal adenoma or adrenal hyperplasia. Unfortunately,
both imaging techniques have limitations. First, adenomas can be small and below
the resolution of the examination [15]. Furthermore, the presence of an adenoma
does not distinguish between functioning and non-functioning adenomas. Also,
many adrenal glands demonstrate diffuse nodularity with increasing age and hyper-
tension, and it can be challenging to distinguish nodular hyperplasia from a discrete
adrenal adenoma [16]. For these reasons, there is a wide range in the reported sen-
sitivity of CT and MRI, with sensitivities ranging between 40% and 100% for CT
and 70% and 100% for MRI in the detection of aldosterone-producing adeno-
mas [17].

Adrenal adenomas do have a characteristic appearance on both CT and MRI
secondary to the presence of intracellular fat [18]. On unenhanced CT images, ade-
nomas demonstrate low Hounsfield units of 10 or lower. Contrast-enhanced CT
imaging obtained in portal venous phase and at 15 min can further describe the
washout characteristics of the adrenal nodule with greater than 40% relative wash-
out and 60% absolute washout indicative of an adrenal adenoma. On chemical shift
MRI, there is loss of signal on out-of-phase imaging indicative of an intracellular fat
component (Fig. 1.1). Unfortunately, research has not yet determined a method to
further distinguish between non-functioning and functioning adrenal adenomas.

Adrenal hyperplasia, by definition, is diffuse thickening of the adrenal gland
with a length greater than 5 cm and thickness greater than 10 mm [19]. The adrenal
thickening can be smooth or nodular in contour (Fig. 1.2). This has been recently
challenged by Lingam et al., who describe a 100% specificity and sensitivity for

Fig. 1.1 Axial in and out-of-phase MR imaging through the upper abdomen demonstrating a
2.6 cm left adrenal nodule with loss of signal on out-of-phase imaging, compatible with intracel-
lular lipid and an adrenal adenoma
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Fig. 1.2 Single coronal
CT image through the
mid-abdomen in portal
venous phase
demonstrating nodular
thickening of both adrenal
glands, measuring greater
than 1 cm in thickness. No
discrete nodule was
visualized. Findings are
compatible with adrenal
hyperplasia

i &

limb width greater than or equal to 5 mm and 3 mm, respectively [20]. Adrenal
hyperplasia is typically a diagnosis of exclusion if no discrete adrenal nodule is
detected.

Adrenal venous sampling involves obtaining blood samples from the IVC and
both adrenal veins to measure aldosterone and cortisol levels and is considered the
gold standard for detecting the underlying cause of PA. Specifics of this technique,
including the detection rate, sensitivity, specificity, and complications, are discussed
at length in Chap. 6.
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Chapter 2
Clinical, Laboratory, and Radiological
Diagnosis of Hyperparathyroidism

Jennifer D. Merrill, Carlos A. Zamora, and Jorge D. Oldan

Introduction

Primary hyperparathyroidism (PHPT) is the most common cause of hypercalcemia
in outpatients. It is typically characterized by a high serum calcium and high or
inappropriately normal parathyroid hormone (PTH). Most PHPT is caused by a
single parathyroid adenoma, but multiple parathyroid adenomas, parathyroid hyper-
plasia, and parathyroid carcinoma are also important causes. Although most patients
present without symptoms, severe or long-standing hyperparathyroidism can cause
symptomatic hypercalcemia, osteoporosis, and nephrolithiasis. A biochemical diag-
nosis should be confirmed before imaging studies for localization, and secondary
causes of PTH elevation should be excluded. After biochemical confirmation of the
diagnosis, further laboratory and imaging evaluation should center on identifying
adverse impacts from the inappropriately elevated PTH. Once laboratory and imag-
ing evaluation have confirmed the diagnosis and adverse impact from it, removal of
the offending parathyroid gland is the most common treatment. Presurgical local-
ization of the gland has allowed for the development of minimally invasive surgical
techniques. Parathyroid ultrasound and SPECT-CT are the most common imaging
modalities used to identify the gland and offer good sensitivity and specificity.
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Etiology

PHPT represents an autonomous spontaneous overproduction of PTH. PHPT is
almost always due to a benign overgrowth of parathyroid tissue, either of single or
multiple glands. Parathyroid adenomas are the most common cause of PHPT and
occur in 85-90% of cases. About 5% of these patients have multiple parathyroid
adenomas, and 5% have adenomas of ectopic glands. Four-gland hyperplasia and
parathyroid carcinoma account for 10-15% and about 1% of PHPT cases, respec-
tively [1-3]. PHPT caused by ectopic secretion of PTH from a non-parathyroid
tumor may occur but is exceedingly rare [4].

Most cases of PHPT occur sporadically as single-gland parathyroid adenomas
that are monoclonal [5], though PHPT may also occur as part of several inherited
syndromes [4]. These syndromes include multiple endocrine neoplasia types 1, 2a,
and 4; hyperparathyroidism-jaw tumor syndrome; and familial isolated hyperpara-
thyroidism [4]. It is estimated that more than 10% of patients with PHPT have a
mutation in one of the 11 implicated genes [6, 7].

Some of the genes responsible for heritable forms of PHPT also contribute to
sporadic PHPT through a somatic mutation or a predisposing germline mutation.
MENT1 and CCND1/cyclin D1 are the two molecular defects with the most estab-
lished role in the pathogenesis of sporadic parathyroid adenomas [3, 4]. Cyclin
D1 is a major cell cycle regulator. A pericentromeric inversion on chromosome 11
causes the relocation of cyclin D1 so that it is positioned adjacent to the PTH
gene. This change causes a regulatory element of the PTH gene to cause overex-
pression of the cyclin D1 protein, which forces the cells to proliferate [3]. Between
10% and 20% of adenomas have this clonal gene defect, and cyclin D1 is overex-
pressed in approximately 40% of parathyroid adenomas [3]. Between 20% and
30% of parathyroid tumors not associated with MEN1 have mutations in both
copies of the MEN1 gene [3]. Sporadic parathyroid carcinoma appears to arise
through distinct pathways from parathyroid adenomas mostly. It is most fre-
quently driven by mutational inactivation of the CDC73 (HRPT2) tumor suppres-
sor gene, though there are many other mutations known to contribute to the
pathogenesis [4].

Epidemiology

PHPT is one of the most common endocrine disorders and is the most common
cause of hypercalcemia diagnosed in the outpatient setting [3, 8]. The annual inci-
dence is estimated to be about 25 cases per 100,000 in the United States and Europe,
with as many as 80% identified as outpatients by elevated calcium on routine mea-
surement of serum electrolytes [3]. PHPT is more common in women than men,
with a female to male ratio of 3—4:1 [9-11]. The demographics of PHPT vary sig-
nificantly depending on whether it presents asymptomatically or as a symptomatic
disease with nephrolithiasis or bone involvement. Most asymptomatic cases occur
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in the 6th decade or later in life, and PHPT rarely presents before the age of 15 [3,
12]. Symptomatic patients tend to present in their 7th decade with a female to male
ratio of 4:1. Patients who present with nephrolithiasis tend to present at a younger
age, and females tend to predominate. In one study, patients with evidence of PHPT
on skeletal radiographs at presentation presented at a mean age of 38.7 years. In this
group, slightly more men presented than women [13].

Anatomy and Pathophysiology

Parathyroid Gland Anatomy

Most people have four parathyroid glands. The parathyroid glands originate in the
3rd and 4th pharyngeal pouches during embryologic development and migrate to
the lower neck, which causes variation in their location [14]. About 5% of people
have more than four glands, and some people only have two. The parathyroid glands
typically lay external to the fibrous capsule on the posterior surface of the thyroid
[15]. The superior glands are more constant in their location and are often embed-
ded in the posterior capsule of the upper 2/3 of the left and right thyroid lobes. They
may also be found in the pharynx or the tracheoesophageal groove. The location of
the inferior glands is more variable due to a longer developmental migration path
from the 3rd pharyngeal pouches. Almost half are located within 1 cm of the lower
pole of the thyroid. They may also be found at the carotid bifurcation, in the carotid
sheath, within the thymus, or near the superior portion of it, intrathyroidal, retropha-
ryngeal, or within the thorax [16, 17].

The parathyroid glands are typically tan to reddish-brown and kidney-shaped,
measuring 2-7 mm long and 2—4 mm wide and surrounded by a thin capsule [3].
They are composed of 70% chief cells and 30% fat and have a vascular supply that
is anatomically distinct from the thyroid [3]. The chief cells of the parathyroid
glands make PTH. Parathyroid cells have G-protein-coupled calcium-sensing recep-
tors (CaSR) on their surface, which respond to serum concentrations of ionized
calcium [18].

Parathyroid cells typically replicate during mammalian growth but rarely repli-
cate in adulthood except when chronically stimulated by hypocalcemia, low cal-
citriol, hyperphosphatemia, or uremia [12, 19].

Physiologic Roles of Calcium and Organic Phosphate

Calcium and phosphorus are the main constituents of bone. Bone contains nearly all
of the calcium and phosphorus in the body, but the small amounts of calcium and
phosphorus in the extracellular fluid and within cells play crucial roles in normal
physiologic processes [12].
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Calcium has a wide range of essential intracellular and extracellular roles.
Extracellular calcium serves as a cofactor for various enzymes, including the
enzymes of the coagulation cascade. Calcium ions also serve as the signaling mol-
ecules for muscle contraction, neurotransmitter release, and endocrine and exocrine
function [12]. Many of these functions require a large gradient between intracellular
and extracellular calcium as well as tight regulation of the extracellular calcium
level. About 1% of bone calcium is rapidly exchangeable with calcium in the intra
and extracellular fluid. Roughly half of the calcium in the blood is bound to albumin
and serum globulins. The remaining ionized fraction is biologically active and thus
tightly controlled by hormonal mechanisms. A complex feedback system involving
PTH, parathyroid glands, bone, kidney, small intestine, calcitonin, and parafollicu-
lar cells of the thyroid is responsible for regulating serum calcium and organic phos-
phate levels (Fig. 2.1).

Organic phosphate is an essential component of nucleic acids, phospholipids,
complex carbohydrates, glycolysis intermediaries, a cofactor for enzymes and ade-
nosine triphosphate (ATP). Bone contains 85% of body phosphate. Twelve percent
of serum phosphate is protein bound. The intracellular and extracellular fluid con-
tains about the same phosphate concentration [12].

Calcium feedback loop

In the setting of hypocalcemia In the setting of hypercalcemia
® (] ® ®
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Fig. 2.1 Calcium/PTH feedback pathway. (Image courtesy of Sierra Finn, Chapel Hill, North
Carolina, USA)
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Regulation of Parathyroid Hormone in Response
to Hypocalcemia

PTH is the peptide hormone that controls minute-to-minute ionized calcium levels
in the extracellular fluid. PTH is an 84 amino acid protein that is released from the
parathyroid glands when calcium is low. It exerts its effects through the interaction
of its first 34 amino acids with the type | PTH/PTH-related peptide (PTHrP) recep-
tor (PTHR1).

Although the major product of the chief cells of the parathyroid gland is the 84
amino acid peptide (1-84 PTH), there is considerable metabolism of this peptide,
resulting in a heterogeneous assortment of circulating fragments [20]. PTH is
cleaved in the liver and kidney to amino-terminal and carboxy-terminal. The amino-
and carboxy-terminal fragments are present in circulation, but their clinical signifi-
cance is unclear. In fact, only 5-30% of circulating PTH is the whole 84 amino acid
fragment. Between 70% and 95% of circulating PTH is the carboxy-terminal frag-
ment; the amino-terminal fragments comprise only a small percentage of circulating
protein. PTH is rapidly metabolized by the liver and kidney and has a half-life of
2 min. The half-life is unaffected by serum levels of calcitriol or calcium.

Within seconds of detecting hypocalcemia by the CaSR on the parathyroid cells,
the parathyroid glands release preformed PTH. PTH acts on the bone to cause cal-
cium release and also acts on the kidney to increase calcium reabsorption and syn-
thesis of the hormonally active 1,25-dihydroxy vitamin D (calcitriol). Calcitriol then
acts on the intestine to increase the absorption of dietary calcium, as well as causing
additional calcium influx from the bone and kidney. If hypocalcemia continues over
the next 15-30 min, there is an increase in the net synthesis of PTH without a change
in the mRNA due to decreased intracellular degradation of PTH. Within the next
12-24 h of hypocalcemia, there is an increase in the mRNA for PTH. If hypocalce-
mia occurs for days to weeks, the parathyroid gland cells begin to proliferate.

Increased calcitriol and ionized calcium then exert negative feedback on the
parathyroid gland. Parathyroid cells respond to the absolute level of ionized calcium
and the rate of fall of the calcium level. Less than 1% of the secreted hormone finds
its way to the PTH receptor on the target organs.

Parathyroid Hormone Action on Bone

Skeletal release of calcium via osteoclasts occurs within 2-3 h of increased PTH
release. Prolonged hyperparathyroidism causes increased number of osteoclasts,
which erode bone matrix to mobilize calcium. This occurs predominantly in the
metaphyses of the long bones. There is also increased activity of osteoblasts, which
often results in new widely spaced delicate trabeculae [3]. In severe cases, the cor-
tex may be thinned, and the marrow may contain increased fibrous tissue with foci
of hemorrhage and cyst formation (osteitis fibrosa cystica).
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Parathyroid Hormone Action on the Kidney

Almost all of the calcium filtered by the glomerulus is normally reabsorbed in the
renal tubules. At least 65% is passively reabsorbed by the proximal convoluted and
straight tubules through a paracellular route [21]. The remaining filtered calcium is
absorbed more distally, 20% in the cortical thick ascending limb of the loop of
Henle and 10% in the distal convoluted tubule and collecting tubules. The calcium
transport into the cortical thick ascending limb of the loop of Henle is driven by the
voltage gradient from active Na-K-Cl, reabsorption. Calcium absorption is inhib-
ited by loop diuretics. The CaSR is also expressed in the cortical thick ascending
limb, and it inhibits Na-K-Cl, reabsorption. Calcium absorption is subsequently
inhibited when CaSR is stimulated by high serum calcium levels. Most of the action
of PTH in the kidney is due to its impact on increasing absorption in the distal neph-
ron. The kidney increases distal tubular calcium reabsorption in response to PTH
within minutes. Renal synthesis of 1-alpha-hydroxylase and thus the production of
calcitriol begin within days; this causes increased intestinal calcium absorption.

Parathyroid Hormone Action on the Intestine

Calcitriol increases intestinal calcium absorption by increasing the expression of
gut lumen transport molecules. The greatest absorption is from the duodenum, but
calcium is also absorbed through the entire small intestine and part of the colon.

Impact of Serum Phosphate

Hyperphosphatemia has a direct stimulatory effect on the parathyroid gland, result-
ing in increased PTH secretion in the short term and nodular hyperplasia of the
parathyroid glands if the hyperphosphatemia is prolonged [22]. PTH also inhibits
renal phosphate absorption and causes increased phosphaturia.

Clinical Evaluation

Historical Presentations

When first described in the 1920s, PHPT typically presented with severe symptoms
of hypercalcemia with bone pain, spontaneous fractures, proximal muscle weakness
with atrophy and hyperreflexia, gait disturbances, and nephrolithiasis [23-25].
Hyperparathyroid crisis, a discrete episode of life-threatening hypercalcemia, was
also sometimes seen [25].
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Current Presentation of Classic Primary Hyperparathyroidism

In the early 1970s, automated measurement of serum calcium became widespread
in the United States and Europe. This allowed for routine biochemical screening of
serum calcium and identifying a large number of patients without overt skeletal or
renal complications [26]. In the United States and other Western countries today, the
most common presentation of PHPT is a high serum calcium level identified by
routine measurement in an asymptomatic individual [27, 28]. Subsequent workup
will reveal concentrations of PTH elevated above the reference range, or PTH levels
that are inappropriately normal in the context of hypercalcemia [29].

Overt symptoms now occur in less than 20% of patients diagnosed with PHPT
[11, 30]. Nephrolithiasis is the most common overt complication of PHPT [31]. The
renal stones are typically small and comprised of calcium oxalate or calcium phos-
phate. Renal stones and nephrocalcinosis will be seen on abdominal radiographs or
renal ultrasound [24]. Even though the presentation is often asymptomatic, many
PHPT patients still frequently demonstrate target organ involvement [31]. Although
most asymptomatic patients are stable, progression may occur, and more than a
third of patients develop nephrolithiasis, worsening hypercalcemia, or decreasing
bone mineral density (BMD) at follow-up 15 years later [32]. Even mild PHPT is
associated with an increased risk of vertebral, distal forearm, rib, and pelvic frac-
tures [33].

Patients who do not have classical signs of PHPT may complain of fatigue, sub-
jective weakness, polyuria, polydipsia, bone pain, joint pain, constipation, forget-
fulness, and neuropsychiatric illness [11, 34]. There is debate about whether these
symptoms can truly be attributed to PHPT, since they are common in the general
population. Studies are mixed as to whether correction of PHPT resolves symptoms
[35-37], though a meta-analysis suggested that parathyroidectomy yielded better
quality of life and emotional well-being [38].

Normocalcemic Primary Hyperparathyroidism

Normocalcemic PHPT is now a well-recognized variant in the diagnostic spectrum
of PHPT [7]. Patients present with consistently normal total and ionized calcium
and elevated PTH without a clear cause for secondary elevation [6, 39]. In order to
make the diagnosis, an isolated PTH level above the normal upper limit should be
confirmed on several occasions over 3—6 months [7]. Disorders associated with
secondary or compensatory elevations in PTH such as vitamin D deficiency,
chronic kidney disease, and use of medications such as lithium, thiazide diuretics,
and bone antiresorptive medication use should be excluded. Some patients with
normocalcemic PHPT appear to remain stable over time without a decline in
BMD. Other patients develop hypercalcemia, or other signs of PHPT with contin-
ued follow-up [40].
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Laboratory Evaluation

Initial Laboratory Testing

Patients with classical hyperparathyroidism have hypercalcemia and either a PTH
that is high or inappropriately normal in the setting of hypercalcemia [41]. They are
often asymptomatic and referred for mild hypercalcemia on routine lab work. In
severe, symptomatic PHPT, marked elevation of the serum calcium and PTH con-
centrations are common.

A panel of experts who have made major contributions to the understanding of
asymptomatic PHPT meet regularly to make recommendations regarding the opti-
mal management of the disease. Table 2.1 summarizes their most recent recom-
mendations from the Fourth International Workshop, which convened in
September 2013.

Table 2.1 Recommendations for the evaluation of patients with asymptomatic PHPT from the
Fourth International Workshop [6]

Notes

Recommended | Biochemistry panel Calcium

Phosphate

Alkaline phosphatase
BUN

Creatinine

25-Hydroxyvitamin D

PTH By second- or third-generation
immunoassay
BMD by DEXA Lumbar spine
Hip
Distal 1/3 radius
Vertebral spine assessment X ray or VFA by DEXA
24-hour urine Calcium
Creatinine

Creatinine clearance

Stone risk profile

Abdominal imaging X ray, ultrasound, or CT scan
Optional HRpQCT
TBS by DEXA
Bone turnover markers Bone-specific alkaline phosphatase
activity

Osteocalcin

Procollagen type 1 N-propeptide
Serum CTX or urinary CTX

Fractional excretion of calcium on timed
urine sample

DNA testing if genetic basis suspected




2 Clinical, Laboratory, and Radiological Diagnosis of Hyperparathyroidism 19

Calcium
Corrected Calcium

Initial workup for hyperparathyroidism should include measurement of serum cal-
cium and albumin. Calcium circulates in three distinct fractions. About 50% is the
biologically important ionized fraction, 40% is protein-bound and is not filterable
by the kidney, and 10% is complexed to anions. Most of the protein-bound calcium
is bound to albumin, and the rest is complexed to globulins. In general, each 1 g/dL
of albumin binds 0.2 mmol/L (0.8 mg/dL) of calcium [28]. The total serum calcium
level should be adjusted for albumin according to the formula:

Corrected calcium = total serum calcium inmg/dL + 0.8 x (4.0 albumin in g/dL)

Tonized Calcium

Tonized calcium can be measured in addition to corrected calcium. Ionized calcium
level is a more sensitive indicator of PHPT than corrected calcium [42]. Over 20%
of patients with histologically proven parathyroid disease in one study had elevation
of ionized calcium but not total calcium [43]. Direct measurement of ionized cal-
cium can be useful in situations such as extreme hyper- or hypoalbuminemia, in the
setting of changing serum pH, thrombocytosis, myeloma, and Waldenstrom’s mac-
roglobulinemia [29]. Measurement of ionized calcium was not recommended by the
Fourth International Workshop for Management of Asymptomatic PHPT, because
many facilities do not have sufficient capabilities to rely on an ionized free calcium
concentration [6]. Direct measurement of ionized calcium is limited by difficulties
in accurate analysis, lack of standardization, and need for special handling [44].
Patients with normocalcemic PHPT must also have normal ionized calcium concen-
trations [39].

Parathyroid Hormone Assays
First Generation Assays

First-generation PTH assays are radioimmunoassays. These assays used different
polyclonal antibodies directed against predominantly the mid- or carboxy-terminal
portion to the PTH molecule [45]. Therefore, these assays detected predominantly
PTH fragments that lacked an intact amino terminus and therefore did not activate
the PTH/PTHrP receptor or mediate the hormone’s actions on calcium [46]. These
assays have now largely been replaced by two site immunoassays, also known as
sandwich assays.
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Second- and Third-Generation Assays

Immunometric assays for PTH are referred to as second- and third-generation
assays but may also be referred to as first- and second-generation immunometric
assays. They are more sensitive and specific than the older radioimmunoassays [47].
Second-generation assays are also known as intact PTH assays and rely on the use
of two antibodies. The traditional second-generation assays measure both intact
PTH (1-84) and cross-react with large carboxy-terminal PTH fragments [7]. The
third-generation assays (whole, bioactive, or biointact PTH assays) are more spe-
cific, because they use a labeled antibody directed at PTH (1-4), detect only PTH
(1-84), and have less cross-reactivity with C-terminal fragments. These assays do
react with a post-translational modified form of PTH, known as non-truncated
amino-terminal PTH (N-PTH), representing up to 10% of PTH in normal individu-
als and 15% of patients with renal failure [7]. Second- and third-generation assays
for PTH are equally helpful in diagnosing PHPT [6, 7]. The sensitivity of these
assays for detecting PHPT ranges from 73% to 97% [7].

As measured by second- and third-generation assays, PTH concentrations are
influenced by several conditions that interfere with the establishment of a refer-
ence interval [48]. PTH elevations have been described in older individuals,
especially women, black people, people with lower calcium intake, and obese
people [20]. Furthermore, 25-hydroxyvitamin D (vitamin D) deficiency fre-
quently drives PTH elevation, and there is not yet a consensus on the optimal
reference range for vitamin D [49-51]. An optimal reference interval for PTH in
vitamin D replete individuals has yet to be established for second- and third-
generation PTH assays using large population cohorts [7, 20]. The upper limit of
the PTH reference interval is lower in individuals with vitamin D levels >20 ng/
mL (50 nmol/L).

In the classic presentation of PHPT, PTH is high or inappropriately normal in the
setting of hypercalcemia. When PTH is within the reference range in PHPT, it is
more likely to be in the upper end of the reference range. In one large case series,
only 1% of patients with PHPT had PTH levels within the lower half of the refer-
ence range [52]. PTH that is not suppressed in the setting of hypercalcemia is com-
patible with PHPT [7].

Measurement of Renal Function

Glomerular filtration rate (GFR) must be higher than 60 ml/min to substantiate the
diagnosis of normocalcemic PHPT [39]. All glands are affected to a variable degree
in patients with chronic renal failure. Surgical intervention requires inspection of all
glands; therefore, localization is of limited value.
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Serum Phosphate

Measurement of serum phosphate is recommended in the evaluation of PHPT [6].
In PHPT, serum phosphate levels may be low or low normal due to the phosphaturic
effects of PTH [53]. In one series, there was no difference in serum phosphate levels
between patients with and those without PHPT [54].

25-Hydroxyvitamin D (Vitamin D)

The vitamin D level should be measured in all patients evaluated for PHPT [6, 7,
20]. People from the same geographic region with PHPT appear to be more likely
to have vitamin D deficiency than people without PHPT [27, 55]. The most likely
cause of abnormally low vitamin D in PHPT is an increased metabolic clearance
rate (24 hydroxylation) induced by calcitriol and possibly PTH [56]. After parathy-
roidectomy, vitamin D returns to concentrations found in the normal popula-
tion [57].

There are consequences to low vitamin D levels in PHPT. PHPT appears to be
more severe in patients with vitamin D deficiency, and low vitamin D levels are
associated with larger parathyroid adenoma size [27, 58]. There is evidence that
replacement of vitamin D to a level higher than 20 ng/mL in patients with PHPT and
vitamin D insufficiency is associated with a decline in PTH as well as other markers
of bone turnover, including alkaline phosphatase and urinary N-telopeptide [59, 60].

The diagnostic accuracy for PHPT is improved in a vitamin D replete population
[61]. Despite this, the definition of normal vitamin D remains controversial. The
Institute of Medicine (IOM) recommends a threshold for vitamin D of 20 ng/mL
(50 nmol/L) [49, 50], but the Endocrine Society recommends a threshold of 30 ng/
mL (75 nmol/L) [51]. Preoperative vitamin D deficiency is predictive of hungry
bone syndrome postoperatively, and it is recommended that vitamin D be supple-
mented to a level greater than 20 mg/mL prior to parathyroidectomy [7, 62]. This
should be done cautiously with low doses of up to 2000 units of cholecalciferol daily.

24-Hour Urine Calcium

A 24-hour urinalysis measuring urine creatinine and calcium should be performed
to assess the urinary calcium excretion. This is important to evaluate the risk for
developing nephrolithiasis and rule out other diagnostic considerations. This testing
is ideally performed in the outpatient setting while the patient adheres to their regu-
lar diet and activities. Instructions for collecting a 24-hour urine sample vary by the
laboratory, but typically the patient’s first voided urine is discarded [63]. Then, all
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subsequent urine voided for the next 24 h, including the next morning’s first voided
urine, is collected in containers provided by the laboratory. A 24-hour urine collec-
tion can be inconvenient and difficult for some patients; therefore, it can be helpful
to assess the accuracy of the urine collection. Urinary creatinine excretion is used to
measure the adequacy of a 24-hour urine collection. Creatinine is a byproduct of
muscle metabolism, so the excretion of creatinine is stable based on muscle mass.
The average daily excretion of creatinine is 18—-24 mg/kg for males and 15-20 mg/
kg for females. A lower than expected creatinine excretion suggests an incomplete
collection [63]. A urinary calcium to creatinine clearance ratio (UCCR) should be
calculated as follows:

. . . ( 24 hour urine calcium x serum creatinine)
Urinary calcium to creatinine = - - —
clearance ratio (serum calcium x24 hour urine creatlmne)

Patients with a UCCR less than 0.01 should be evaluated for familial hypocalciu-
ric hypercalcemia [6, 7].

Biochemical Stone Risk Analysis

If a patient demonstrates marked hypercalciuria with 400 mg/day of urinary cal-
cium excretion on the 24-hour urine calcium study, then a urinary biochemical stone
risk profile should be obtained. This is available through many commercial labora-
tories. Patients with PHPT that experienced nephrolithiasis had higher urinary cal-
cium excretion and 24-hour urine oxalate levels than patients that did not form
stones. Hypercalciuria and relatively high oxaluria were associated with the stone
formation in PHPT [64].

Markers of Bone Turnover

Increased bone turnover is characteristic of PHPT. Biochemical markers of bone
formation, such as osteocalcin and alkaline phosphatase, and markers of bone
resorption, such as deoxypyridinoline, N-telopeptide (NTX), and C-telopeptide
(CTX), are typically markedly elevated in severe PHPT [24]. Patients with high
bone turnover markers are more likely to have the skeletal disease. Alkaline phos-
phatase is significantly elevated in almost all patients with osteitis fibrosis cystica
[65]. After parathyroidectomy, bone resorption markers rapidly improve, followed
by a more gradual reduction in bone formation markers [66].
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Tests of Low Clinical Utility
1,25-Dihydroxy Vitamin D (Calcitriol)

When measured in PHPT, calcitriol levels are typically at the upper limit of normal
or occasionally mildly elevated [54]. High concentrations of calcitriol are associ-
ated with higher 24-hour urine calcium excretion and lower BMD [67]. Routine
measurement of this active metabolite is not recommended since the additional
information does not change management [6].

Laboratory Interpretation and Differential Diagnosis
Secondary Hyperparathyroidism

Secondary hyperparathyroidism (SHPT) is characterized by an increase in PTH that
is an appropriate response to a stimulus. By definition, the serum calcium is normal,
and the PTH is elevated. SHPT must be ruled out before a diagnosis of normocalce-
mic PHPT can be made.

Renal dysfunction can cause secondary elevation of PTH in normocalcemic indi-
viduals. PTH begins to rise when estimated GRF (eGFR) falls below 60 mL/min
[7]. Long-standing chronic kidney disease is associated with several metabolic dis-
turbances that lead to increased PTH secretion, including hyperphosphatemia, cal-
citriol deficiency, and hypocalcemia [22].

Vitamin D deficiency, increased urinary calcium excretion, and gastrointestinal
malabsorption of calcium are also potential causes of SHPT. Vitamin D insuffi-
ciency or deficiency may cause secondary elevation of PTH in the setting of normal
calcium concentrations. Vitamin D should be replaced until a level >30 ng/mL is
achieved in patients with vitamin D deficiency and elevated PTH level before a
diagnosis of normocalcemic hyperparathyroidism can be made [39]. Notably, it
may take 6-12 months for PTH to decrease after vitamin D is replaced. Patients
thought to have normocalcemic PHPT can develop hypercalcemia when
25-hydroxyvitamin D is increased above 30 ng/mL (75 nmol/L), thus making the
diagnosis of hypercalcemic PHPT that was masked by 25-hydroxyvitamin D defi-
ciency [7].

Hypercalciuria as a primary renal abnormality can be associated with normal
serum calcium and a secondary increase in PTH levels [68].

Deficient calcium intake or gastrointestinal disorders associated with calcium
malabsorption can also cause secondary elevations in PTH [69, 70]. These individu-
als will typically have a low-normal serum calcium concentration, vitamin D defi-
ciency, and low urinary calcium excretion [39]. In general, malabsorption syndromes
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are clinically obvious. However, gluten enteropathy can cause calcium malabsorp-
tion in individuals with no symptoms of gastrointestinal disease.

A wide variety of secondary causes of PTH elevation can be mistaken for PHPT
and especially normocalcemic PHPT. A thorough laboratory evaluation as described
above is required to exclude these causes.

Medication Effects

The use of several medications is associated with elevated PTH, hypercalcemia, or
both. The antiresorptive medications used to treat osteoporosis are associated with
PTH elevation. Bisphosphonate treatment causes an early reduction in bone resorp-
tion. This induces a decrease in serum calcium, which leads to an increase in PTH
[71]. This PTH elevation is a response to the change in serum calcium level and can
occur even in the setting of hypercalcemia. The reduction in serum calcium occurs
within days to weeks of the initiation of bisphosphonate treatment, earlier with
intravenous therapy than with oral treatment. These changes may persist for weeks
to months following the initiation of treatment [71]. Similarly, denosumab use
causes PTH concentrations to be elevated for 3 months of the 6 months between
doses [72].

Lithium can cause both transient and persistent hypercalcemia. Lithium decreases
the sensitivity of the parathyroid gland to circulating calcium and lowers urinary
calcium excretion [73]. This results in an increased calcium level and PTH in a
majority of patients. This ultimately leads to parathyroid hyperplasia. After cessa-
tion of lithium, the patient should be monitored for 2—4 weeks to determine whether
calcium metabolism has normalized [73]. If practical in light of any psychiatric
comorbidities, discontinuation of lithium should be considered before making the
diagnosis of PHPT [7].

Thiazide diuretics are some of the most frequently prescribed antihypertensive
agents and are commonly associated with hypercalcemia. Thiazides exert their anti-
hypertensive effects through an increase in sodium excretion by blocking the
thiazide-sensitive NaCl transporter in the distal convoluted tubule, which causes
increased renal tubular reabsorption of calcium and reduced urinary calcium excre-
tion [74]. Thiazide-associated hypercalcemia occurs after an average of 5.2 years of
treatment, and severe hypercalcemia is not usually observed despite continuation of
thiazide [75]. About 20% of patients, who develop hypercalcemia while taking thia-
zide diuretics, are later found to have hyperparathyroidism, while hypercalcemia
resolves in another 30% [75]. Prior to the diagnosis of PHPT, and especially in
normocalcemic PHPT, thiazide diuretics should be discontinued, and diagnostic
testing should be repeated when the patient has been off of thiazide treatment for
several weeks [7].
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Tertiary Hyperparathyroidism

Tertiary hyperparathyroidism (THPT) is characterized by excessive secretion of
PTH causing hypercalcemia after long-standing SHPT. This typically occurs in
individuals with chronic kidney disease and may occur after renal transplant. In
these patients, long-standing hypocalcemia and hyperphosphatemia cause an
increase in the number of cells secreting PTH [76]. The size of the parathyroid
glands progressively increases as chronic kidney disease worsens and the glands
may become autonomously functioning. These patients are most often identified by
the persistence of hyperparathyroidism with hypercalcemia after renal transplanta-
tion [22].

Other rare causes of THPT include X-linked hypophosphatemic rickets, adult-
onset (autosomal dominant) hypophosphatemic rickets, and oncogenic osteomala-
cia [22]. These diseases are typically treated chronically with high doses of oral
phosphate. The increased phosphate transiently decreases ionized calcium and
decreases the production of calcitriol. This can lead to increased secretion of PTH,
which can become autonomous and eventually be associated with frank hypercalce-
mia and inappropriately elevated PTH [77-81].

Symptoms and signs of THPT may be similar to PHPT and are attributed to the
level of PTH or degree of hypercalcemia. These symptoms can include bone pain,
decreased bone mineral density, fractures, nephrolithiasis, soft tissue or vascular
calcifications, muscle weakness, mental status changes, and impaired graft function
in transplant patients [82]. There are no evidenced-based guidelines for when and
how to treat THPT. Still, many clinicians intervene when the patient has long-term
sustained hypercalcemia with PTH greater than nine times the upper limit of normal
[22]. The decision to pursue parathyroidectomy should be deferred to at least 1 year
after renal transplant. Subtotal parathyroidectomy is the treatment of choice because
it decreases the risk of hypocalcemia and hyperphosphatemia postoperatively com-
pared to total parathyroidectomy [83].

Familial Hypocalciuric Hypercalcemia

The key differential diagnosis in a patient with hypercalcemia and either a high PTH
or PTH in the upper half of the reference interval is between PHPT and familial
hypocalciuric hypercalcemia (FHH) [7]. FHH has been misdiagnosed as PHPT,
because a significant number of these patients will have elevated PTH levels [84].
To rule out FHH, it is essential to measure the urinary calcium to creatinine clear-
ance ratio (UCCR) [7]. A UCCR less than 0.01 is typically consistent with FHH. One
caveat is that patients with vitamin D deficiency, renal insufficiency, or African
origins may have low UCCR [85, 86]. In these patients and patients with UCCR
between 0.01 and 0.02, genetic evaluation with mutational analysis for CaSR,
GNAL11, and APS2S1 genes can identify patients with FHH1, FHH2, and FHH3,
respectively [87—89]. A UCCR greater than 0.02 is more consistent with a diagnosis
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of PHPT [90]. FHH is generally considered a benign condition due to a different
calcium set point, and parathyroid surgery is not indicated in these patients. Although
calcimimetics such as cinacalcet have not been approved for the treatment of THPT,
a handful of small studies showed benefit with the improvement of serum calcium
and a significant decrease in PTH [91-93].

Autoimmune Hypocalciuric Hypercalcemia

Anti-CaSR autoantibodies have been described in a handful of patients with PTH-
dependent hypercalcemia. These patients tended to have decreased urinary calcium
excretion and other autoimmune disorders and had either previously normal serum
calcium levels or tested negative for the genetic mutations associated with FHH
[94].  These patients are found to have blocking antibodies against the
CaSR. Scant information is available to guide the diagnosis of this condition or the
treatment of the associated hypercalcemia. The hypercalcemia does not respond to
parathyroidectomy or bisphosphonate treatment but may respond to glucocorticoids
[94-96].

Pseudohypoparathyroidism

Pseudohypoparathyroidism refers to a group of heterogeneous disorders whose
common feature is renal resistance to PTH due to impaired activation of cAMP-
dependent pathways via the Gsa protein [97]. Patients with pseudohypoparathy-
roidism present with hypocalcemia, hyperphosphatemia, and secondary
hyperparathyroidism. They may have the physical findings of Albright hereditary
osteodystrophy. Since PTH resistance only occurs in the kidney, these patients may
develop osteitis fibrosa cystica and other PTH-mediated bone diseases. In the set-
ting of prolonged hypocalcemia, people with pseudohypoparathyroidism can
develop THPT requiring localization of the affected gland and potentially parathy-
roidectomy [98].

Genetic Evaluation for Primary Hyperparathyroidism

PHPT may occur as a sporadic disorder, a familial disorder that is a nonsyndromic
isolated endocrinopathy, or a syndromic familial disorder. Syndromic forms of
PHPT occur in MEN syndromes type | to 4 and hyperparathyroidism-jaw tumor
syndrome. PHPT is the most common feature of MEN1 and occurs in approxi-
mately 90% of affected patients [99]. PHPT in patients with MEN1 occurs with an
equal male to female ratio, at an earlier age (25 years compared to 55 years) and a
more significant reduction in bone mineral density than in the general population
[99-101]. It is helpful to know that the patient has a syndromic form of PHPT
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during clinical evaluation, because all four parathyroid glands may be affected, and
imaging for localization is of little benefit [14, 99]. Inspection of all glands is neces-
sary during surgery, even if localization studies show a unilateral abnormality.

Genetic evaluation should be sought in a patient who presents with typical famil-
ial forms of PHPT. Family history should be obtained in all patients with PHPT to
determine whether first-degree relatives are affected. Patients who are less than
45 years old at the time of diagnosis [102] and have a multiglandular disease, para-
thyroid carcinoma, or atypical adenoma should be tested [7]. Mutational analysis
should include evaluation for MENI1; CaSR; APS2S1; GNA11l; CDKN-1A,
CDKN-1B, CDKN-2B, and CDKN-2C; RET; and PTH in order of frequency of
occurrence [7]. Genetic testing should use DNA obtained from non-tumor cells,
including leukocytes, salivary cells, skin cells, or hair follicles, because DNA from
parathyroid adenomas may contain multiple mutations [103]. Genetic testing should
include informed consent from the patient with access to genetic counselors and
occur at accredited centers [99].

If a germline mutation is identified, the patient should be started on an appropri-
ate routine clinical, biochemical, and radiological screening for other diseases.
First-degree relatives of a patient with a PHPT mutation should be identified and
offered genetic counseling and genetic testing [7]. If the first-degree relative tests
are negative for the causative mutation, they require no further follow-up.

Imaging Evaluation

PHPT is a biochemical diagnosis and should not be diagnosed using imaging stud-
ies [6]. Instead, imaging should be used to guide surgical decision-making and to
localize abnormal glands.

Radiographic Findings of Hyperparathyroidism
Plain Radiography

The characteristic skeletal features of PHPT, as seen on plain radiographs, result
from increased osteoclastic activity and bone resorption. A wide range of imaging
findings may be present, including a “salt and pepper” appearance of the skull,
tapering of the distal clavicle, subperiosteal resorption of the distal phalanges (typi-
cally bilateral and symmetric), bone cysts, and brown tumors (osteitis fibrosa cys-
tica) [41]. Diffuse demineralization is often observed along with pathologic
fractures, typically in the long bones of the extremities [24]. The cortex of long
bones may be very thin and almost absent in some patients. Plain radiography is not
sensitive for detecting bone loss due to hyperparathyroidism. Approximately
20-30% of bone mass must be depleted before osteoporosis can be detected on
X-ray [104].
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Dual-Energy X-ray Absorptiometry

Since routine measurement of serum calcium became widespread, it is rare for
patients to have characteristic findings of hyperparathyroidism on plain radiogra-
phy; however, evidence of such is more commonly seen on dual-energy X-ray
absorptiometry (DEXA). This technique uses a fraction of the radiation dose of
plain radiography. It allows calculation of BMD values (g/cm?), which are com-
pared against a reference population as T-scores or Z-scores [105, 106]. The BMD
at the femoral neck, total hip, and LI1-L4 vertebra are typically measured.
Additionally, the distal 1/3 forearm BMD should be measured, if the hip or spine
cannot be interpreted in the setting of hyperparathyroidism and in patients whose
weight is over the limit of the DEXA table [107]. T-scores for the femoral neck and
total hip are calculated against a white female reference population ages 20-29 years
from the National Health and Nutritional Examination Survey III database. The
device manufacturer database is used as the reference population for the lumbar
spine measurements [107]. Z-scores are calculated to compare the patient” BMD
against an age-, sex-, and ethnicity-matched reference population. The use of
T-scores is preferred in postmenopausal women and men over age 50, while Z-scores
are used in other populations. T-scores of —2.5 or less at the femoral neck meet the
WHO international reference standard for osteoporosis.

PHPT has more catabolic impact on cortical bone than trabecular bone [31]. The
densitometric profile of PHPT is reduced BMD at the distal 1/3 forearm, since it is
composed primarily of cortical bone, while the lumbar spine shows relative preser-
vation, as it is a predominantly trabecular site [11, 108]. DEXA of the distal 1/3
radius should be obtained in all patients with PHPT to evaluate for the catabolic
effects of PTH in cortical bones (Fig. 2.2) [6]. In PHPT that is severe enough to
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Fig. 2.2 DEXA scan in a 68-year-old female with primary hyperparathyroidism. Total T-score for
the radius was —3.2 (indicated by the crosshair symbol in the graph) consistent with osteoporosis.
(Image courtesy of Edgar Zamora, MD, Montefiore Medical Center, Bronx, NY)
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cause osteitis fibrosa cystica, bone mineral density is often extremely low. In one
case series of these patients, the mean T-scores by DEXA were —4.42 in the lumbar
spine, —5.58 in the femoral neck, and —5.85 in the distal 1/3 radius [65].

Vertebral Fracture Assessment by DEXA

Vertebral fracture assessment (VFA) can be performed in patients undergoing
DEXA at a fraction of the radiation dose of conventional radiography. VFA is indi-
cated either in patients with a DEXA T-score of < —1.0 and one or more of the fol-
lowing conditions: (1) women > age 70 or men > age 80 years, (2) historical height
loss greater than 4 cm, (3) self-reported but undocumented prior vertebral fracture,
and (4) glucocorticoid therapy equivalent to >5 mg of prednisone or equivalent per
day for 3 months or longer [109]. The spatial resolution of DEXA is much lower
than that of plain radiography, and therefore, its utility for diagnosing mild vertebral
fractures is limited [110]. Additionally, patients with multiple fractures are more
easily identified than those with a single fracture [111]. In a systematic review, the
sensitivity and specificity of VFA by DEXA on a per-vertebra basis ranged from
70% to 93% and from 96% to 100%, respectively [112].

Trabecular Bone Score by DEXA

One limitation of DEXA is the lack of information on bone microstructure, which
is an essential determinant of bone strength. There is a significant overlap in density
values between patients with and without fractures, and values in patients with
degenerative sclerosis may be artifactually increased [110]. Trabecular bone score
(TBS) is a post-processing technique based on textural analysis of grayscale pixel
variations that can be applied to DEXA scans, providing a complementary measure
of bone microarchitecture and strength. In essence, lower TBS values are associated
with decreased bone strength, and differences are detectable in vertebral bodies that
have similar densitometry values [113]. One large cohort study demonstrated that
TBS values were not significantly affected by degenerative osteoarthrosis, as
opposed to DEXA, where they may be artifactually increased [114]. In patients with
PHPT, one study has correlated TBS values with parameters obtained from high-
resolution peripheral quantitative CT (HRpQCT), where the authors found a posi-
tive association with volumetric density, cortical thickness, whole bone stiffness,
trabecular number, and trabecular separation [115].

High-Resolution Peripheral Quantitative CT
HRpQCT is a three-dimensional imaging modality that permits noninvasive assess-

ment of cortical and trabecular microarchitecture as well as volumetric mineral bone
density of the distal radius and tibia [24, 116]. HRpQCT allows imaging of the
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appendicular skeleton but not the spine. This modality has a lower radiation dose
than a traditional DEXA scan and can achieve spatial resolutions in the order of 130
to 160 pm (higher near the center of the field of view) [117-119]. Various morpho-
metric measurements can be generated, including cortical thickness, trabecular num-
ber, trabecular separation, and cortical porosity [120]. These have been validated in
several studies and highly correlated with metrics derived from pCT, a technique that
can achieve higher spatial resolution but generally applied to ex vivo tissues [121—
123]. One study using HRpQCT in postmenopausal women with PHPT showed
decreased volumetric densities in trabecular and cortical bone of tibia and radius,
with increased trabecular spacing and thinner cortices. Such changes were more
profound in the radius [124]. In a separate study, PHPT resulted in abnormal cortical
bone geometry and trabecular and cortical microarchitecture, as well as decreased
volumetric density in the radius but not tibia [125]. Women with PHPT had improved
cortical bone geometry and cortical and trabecular microarchitecture in both radius
and tibia, as well as improvement in cancellous bone architecture 1 year following
parathyroidectomy [126]. One limitation of HRpQCT is that the technique is suscep-
tible to motion artifact and a typical scan takes approximately 3 min to complete
[118]. The motion artifacts can confound the reproducibility and accuracy of mor-
phometric measurements [127]. Although the use of HRpQCT is rapidly expanding
in research settings, its use currently remains limited in clinical practice.

Gland Localization
Parathyroid Ultrasound

Neck ultrasound has become an important part of many endocrine and endocrine
surgery practices. The use of point-of-care neck ultrasound in identifying parathy-
roid adenomas has enabled minimally invasive surgery as an outpatient procedure,
which has shortened hospitalization and recovery times [128]. Neck ultrasound is
an inexpensive and noninvasive approach to localizing a parathyroid adenoma,
though the quality is operator-dependent.

Proper positioning is important for a neck ultrasound. The patient should lie on
a firm table with pillows placed under the upper torso and shoulders to allow for full
extension of the neck [14]. Patients with cervical spine diseases may not be able to
fully extend their neck, which will impede the study [14]. A 3-5 cm linear 5-15 MHz
multifrequency transducer should be applied to the anterior neck with ultrasound
gel. Higher-frequency settings allow for finer discrimination, but higher frequencies
attenuate more quickly. Lower-frequency settings are more effective at visualizing
the deeper portions of the neck. The posterior margins of the thyroid capsule should
be inspected first to identify lesions that could be consistent with an enlarged para-
thyroid gland. Parathyroid adenomas are inherently mobile, so it may be necessary
to ask the patient to cough, Valsalva, swallow, take deep breaths, or turn their head
from side to side to visualize the adenoma [14].
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Due to their small size, normal parathyroid glands cannot usually be seen with
current ultrasound equipment [14]. However, parathyroid adenomas may appear as
a homogenous, hypoechoic, and hypervascular mass separate from and posterior to
the thyroid on ultrasound [129]. Most parathyroid adenomas are located outside the
posterior capsule of the thyroid gland [16, 17, 130]. The lesion lacks the echogenic
fatty hilum that is typically seen in lymph nodes. A lesion along the posterior aspect
of the thyroid gland in the context of hypercalcemia is likely a parathyroid adenoma.
It is common to see the “the indentation sign” — an indentation made by the parathy-
roid adenoma on the posterior side of the thyroid gland [14]. There is usually an
echogenic line of separation between the thyroid and the parathyroid gland, repre-
senting the fibro-fatty capsule. When seen on ultrasound, the parathyroid glands
typically have variable shapes, allowing them to conform to the available space. In
about 2-5% of cases, the parathyroid adenoma may be embedded in the thyroid
gland, where it has the same appearance as a thyroid nodule [131]. The incidence of
a parathyroid gland embedded in the thyroid may be as high as 15% in the setting
of four gland hyperplasia [132]. The presence of a polar artery feeding a parathyroid
adenoma can aid in detection and has been found in more than 80% of adenomas
[133]. A “vascular arc” leading to the adenoma and diffuse blood flow within the
adenoma have also been described [134].

In one surgical series, the sensitivity of high-resolution ultrasound for all patients
with hyperparathyroidism was 57% [135]. In patients with primary hyperparathy-
roidism, the sensitivity of ultrasound for parathyroid localization was 66%.
Specificity for parathyroid localization was 98% for all patients and was 98% and
100% for patients with primary and secondary or tertiary hyperparathyroidism,
respectively [135]. In a meta-analysis, ultrasound had a sensitivity of 76.1% and a
positive predictive value of 93.2% in localizing parathyroid adenomas [136]. The
adenoma is unable to be visualized in about 10-20% of patients. This is usually due
to posteriorly located glands, retropharyngeal superior adenomas, intrathoracic ade-
nomas, or four gland hyperplasia [14].

SPECT-CT

In the 1990s, the chance observation that parathyroid tumors accumulate techne-
tium 99m sestamibi due to richness in mitochondria led to the concept of presurgi-
cal localization of parathyroid adenomas and minimally invasive surgery [137].
Sestamibi imaging is most commonly used to localize a hyperfunctioning gland,
either in the thyroid bed or in an ectopic location such as the neck or lower medias-
tinum. The most frequently used radiopharmaceutical is technetium 99m sestamibi
(Cardiolite). It is a lipophilic isonitrile cation retained in the mitochondria of para-
thyroid adenomas due to their cellularity and vascularity. It is also used for cardiac
stress tests [1]. The tracer is injected, and the patient imaged sequentially, first at
10—15 min and then at 1-3 h, normal thyroid tissue, and thyroid adenomas will be
bright on early images and usually fade over 2 h, whereas parathyroid adenomas
remain avid over time (Fig. 2.3). Atypical thyroid adenomas do not wash out and
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Fig. 2.3 Left superior parathyroid adenoma shows uptake which does not wash out (unlike thy-
roid uptake) and corresponds to soft tissue lesion posterior to thyroid on left. Persistent uptake is
seen to a lesser degree in hypodense thyroid lesion on the right, possibly a thyroid adenoma

may produce a false positive result; more rarely, thyroid and parathyroid carcinomas
may do so as well (though arguably a parathyroid carcinoma would be a true posi-
tive) [2]. Occasionally, the parathyroid adenoma may wash out on delayed images
but is visible on early images [1].

Sensitivity is as high as 90% in solitary parathyroid adenomas, particularly if
over 300-500 mg, but lower (50-60%) with multiple adenomas [1, 2]. Overall sen-
sitivity is about 83%, similar to ultrasound (80%), although specificity is higher
(87% versus 77%) [138]; the techniques are most useful in combination [139].
Patients who have normal vitamin D levels are more likely to have a scan success-
fully localizing the adenoma [58]. Patients with positive SPECT and negative ultra-
sound findings are more likely to have posteriorly located upper gland adenomas [ 140].

Planar gamma camera images showing a large field of view to find ectopic ade-
nomas are often combined with SPECT or SPECT-CT, either for the early or delayed
phases [2]. SPECT (with or without CT) is a technique where the camera slowly
rotates around the patient and produces a three-dimensional image. It can be invalu-
able in localization but requires the patient to be able to hold still for 3045 min.

Some centers use a subtraction technique where iodine-123 or Tc-99m pertech-
netate images are obtained shortly after sestamibi injection and digitally subtracted;
this can help differentiate parathyroid adenomas from thyroid adenomas (which
will take up iodine) but can produce imaging artifacts due to patient movement and
misalignment [1, 2].
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In addition to presurgical imaging, the patient may be injected 2—4 h before sur-
gery, and a small gamma probe is used intraoperatively to find the adenoma by the
surgeon. This procedure is usually used if there is a solitary parathyroid adenoma
and no thyroid adenoma; after removal, the parathyroid adenoma should be 20%
higher than background thyroid activity [2].

There has been interest in tracers for positron emission tomography (PET) in
recent years, (which has higher spatial resolution and often sensitivity), using cho-
line, which is taken up more in highly proliferating cells. Recent meta-analyses
showed a detection rate of 91-97% per patient and sensitivity 95% [141, 142], with
choline tracers performing better than sestamibi everywhere they were compared,
but the studies were heterogeneous with a lack of prospective trials or consistently
applied reference standards [142]. At present, no choline tracer is FDA-approved
for hyperparathyroidism.

4D Neck CT

Multiphasic CT of the neck has been increasingly used to detect and localize para-
thyroid adenomas within a given quadrant. It provides great anatomic detail and
allows identification of adenomas both in eutopic and ectopic locations, as well as
differentiation from mimics such as lymph nodes, thyroid nodules, and exophytic
thyroid tissue. This technique is most widely used as a second-line investigation or
in patients undergoing repeat surgery [143]. In one large study, 4D CT had an over-
all sensitivity of 79% compared with 58% for SPECT-CT. In a subset of patients
with the single-gland disease, sensitivity was 93% for 4D CT compared with 75%
for SPECT-CT [144].

The protocol typically includes a non-contrast scan followed by arterial and
venous phases obtained 25 and 80 s after injection, respectively, acquired axially
and reconstructed in sagittal and coronal planes (i.e., three dimensions) [143]. The
“4D” designation refers to the dynamic perfusion information derived from the
scan. The contrast-enhanced phases should cover from the angle of the mandible
through the carina to allow detection of ectopic adenomas. The main disadvantage
of 4D CT relative to SPECT-CT is its higher radiation dose. On 4D CT, the majority
of adenomas demonstrate avid contrast enhancement on the arterial phase and rapid
washout of contrast material (i.e., lower attenuation) on the venous phase (Fig. 2.4).
Because of this washout, most parathyroid adenomas demonstrate lower attenuation
than thyroid tissue or lymph nodes on the venous phase. However, approximately
22% of adenomas do not follow this pattern and may only be identified on the non-
contrast scan, where they show low attenuation as opposed to the high-attenuating
thyroid parenchyma [145]. A polar vessel sign is a characteristic finding that is pres-
ent in about two-thirds of parathyroid adenomas, particularly those with more avid
enhancement in the arterial phase [146].
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Fig. 2.4 4D CT in a 51-year-old female with PHPT and a parathyroid adenoma posterior to the
right thyroid. Axial non-contrast CT (a) shows the adenoma (arrow) to have lower attenuation than
the adjacent thyroid gland. Post-contrast CT 25 s (b) and 80 s (c¢) after the intravenous injection of
iodinated contrast material show avid enhancement and rapid washout, respectively (arrows).
Coronal CT reformats 25 s after injection (d) and (e) show that the adenoma has an ovoid shape
(arrow in d) and a polar vessel (arrowheads in e)

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) does not play a major role in the workup of
parathyroid adenomas in most clinical situations. The main advantage of MRI over
CT and ultrasound is its higher soft tissue contrast, which generally allows better
discrimination between tissues. Additionally, MRI does not require ionizing radia-
tion. The major drawbacks are longer acquisition times and lower spatial resolution
relative to CT and ultrasound. Parathyroid adenomas are typically hypointense on
T1- and hyperintense on T2-weighted sequences [147, 148]. The addition of fat sup-
pression techniques is crucial for both T2- and post-contrast T1-weighted sequences
in order to discriminate the lesion from surrounding tissues because fat is
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intrinsically hyperintense. Similar to CT, parathyroid adenomas show avid enhance-
ment on MRI following the intravenous administration of contrast material. In one
study of 98 patients with surgical and pathological correlation, MRI had a sensitiv-
ity of 82% and a positive predictive value of 89% for detection parathyroid adenoma
compared with a sensitivity of 85% and positive predictive value of 89% for techne-
tium 99 m sestamibi scintigraphy [147]. One retrospective study using a dynamic
contrast MRI technique in 30 patients with surgically proven parathyroid adenomas
found a sensitivity/specificity of 88/90% and 91/95% for differentiating adenomas
from lymph nodes and thyroid tissue, respectively [145].

Indications for Procedural Intervention (Surgery or Ablation)

Surgical management is recommended for any patient with symptomatic
PHPT. Events that should prompt surgical referral include the occurrence of a fra-
gility fracture and a kidney stone.

The Fourth International Workshop on PHPT identified several indications for
parathyroidectomy in PHPT [6]. These recommendations are summarized in
Table 2.2, and surgery should be recommended if one or more of the criteria are
met. Surgery is recommended when serum calcium is >1 mg/dL (or 025 mM/L)
above the upper limit of normal [6]. Decreased bone mineral density is a significant
concern in patients with PHPT, both at diagnosis and as patients are being moni-
tored. T-scores are used to assess bone mineral density for peri- and postmenopausal

Table 2.2 Indications for surgical management of asymptomatic primary hyperparathyroidism
from the Fourth International Workshop [6]

Serum calcium 1.0 mg/dL (0.25 mmol/L) above the upper limit of normal
DEXA with T-score* | Lumbar spine
<-25at Total hip

Femoral neck

Distal 1/3 radius

Vertebral fracture by | X-ray

CT

MRI

VFA

Renal Creatinine clearance less than 60 ml/min

24-hour urine calcium>400 mg/day (10 mmol/day) and increased stone
risk by biochemical stone risk analysis

Presence of nephrolithiasis or nephrocalcinosis by X-ray, ultrasound, or
CT

Age Less than 50 years

“T-score should be used in peri- or postmenopausal women and for men age 50 or older. In pre-
menopausal women and men under age 50, then Z-score of <—2.5 is the recommended cut point at
which surgery should be considered [107]
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women and men over the age of 50. A T-score of —2.5 or less at the lumbar spine,
femoral neck, total hip, or distal 1/3 radius is an indication for surgery. The
International Society of Clinical Densitometry (ISCD) recommends the use of
Z-scores instead of T-scores to assess the BMD of premenopausal women and men
under the age of 50 [107]. Patients in this age group with Z-score of —2.5 or less are
surgical candidates, although diagnosis of primary hyperparathyroidism under the
age of 50 years is a surgical indication [6].

The workshop recognizes that the effects of elevated PTH may impact the pro-
clivity for fracture in ways that cannot be predicted by DEXA alone. Clinicians may
use TBS or HRpQCT to support a recommendation for surgery. If a vertebral frac-
ture is present X-ray or VFA, then surgery is recommended.

Renal indications for parathyroidectomy include a decline in creatinine clear-
ance to less than 60 ml/min. In clinical practice, this criterion is typically interpreted
in the context of a patient’s other comorbidities. For example, if a person has long-
standing uncontrolled hypertension or diabetes, this may be a better explanation for
the decline in renal function, and the elevated calcium and/or PTH may reflect
SHPT or THPT instead of PHPT.

Patients should be evaluated for nephrolithiasis or nephrocalcinosis with renal
imaging, which may include X-ray, ultrasound, or CT scan. If nephrolithiasis or
nephrocalcinosis is seen, then surgery should be recommended. If the patient dem-
onstrates marked hypercalciuria with more than 400 mg/day of urinary calcium,
then a complete urinary biochemical stone profile should be considered. If the uri-
nary biochemical stone profile indicates an increased risk of stone formation, then a
criterion for surgery is met.

Conclusions

The parathyroid glands are an important part of the feedback system that regulates
serum calcium and phosphorus levels, both of which control many biological pro-
cesses. The parathyroid glands may become autonomously overactive, resulting in
hypercalcemia. PTH may also be appropriately elevated due to other causes, such
as renal dysfunction, hypocalcemia, vitamin D deficiency, and hyperphosphatemia.
PHPT is the most common cause of hypercalcemia in the outpatient setting, typi-
cally occurring in asymptomatic patients. PHPT may be due to a single parathyroid
adenoma, multiple parathyroid adenomas, multiple parathyroid adenomas, four-
gland hyperplasia, and very rarely parathyroid carcinoma or ectopic PTH secre-
tion. Hyperparathyroidism may occur as part of genetic syndromes, which may
cause the involvement of more than one gland. Hyperparathyroidism may decrease
bone mineral density and cause nephrolithiasis, and if there is evidence of end
organ damage, localization of the offending gland and surgical removal are typi-
cally indicated. Imaging studies help localize a parathyroid adenoma, guide sur-
gery, and lead to advancements in minimally invasive resection. Parathyroid



2 Clinical, Laboratory, and Radiological Diagnosis of Hyperparathyroidism 37

ultrasound and SPECT CT are the most commonly used methods to identify an
enlarged parathyroid gland, but 4D neck CT is a promising technique being used
with increased frequency.
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Chapter 3
Clinical, Laboratory, and Radiological
Diagnosis of Hyperandrogenism

Diana Soliman, Ali Qamar, and Lauren M. B. Burke

Introduction

Hyperandrogenism is characterized by high levels of androgens in women. Two
main natural androgens are testosterone and dihydrotestosterone (DHT). The most
common signs of androgen excess are hirsutism, acne, and alopecia. It is important
to recognize and treat androgen excess disorders as long-standing hyperandrogen-
ism is associated with dyslipidemia, hypertension, and impaired glucose toler-
ance [1].

Etiology

Hyperandrogenism is typically caused by excess production of sex hormones by the
adrenal glands, ovaries, or both. Excess androgen production can be due to organ
dysfunction, hyperplasia, or neoplasm. Rarely, it can be caused by a defect in the
androgen receptor in target cells or abnormalities in the peripheral metabolism of
steroids. Other causes of androgen excess include medications, hypothyroidism,
hyperprolactinemia, and Cushing’s syndrome.
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Epidemiology

Hyperandrogenism affects between 5% and 10% of women of reproductive age.
The most common cause of hyperandrogenism is polycystic ovarian syndrome
(PCOS). In patients with androgen excess, the prevalence is about 72-82% for
PCOS, 7-16% for idiopathic hyperandrogenism, 5-8% for idiopathic hirsutism,
1.5-4% for 21-hydroxylase-deficient nonclassic congenital adrenal hyperplasia
(NCCAH), 3% for hyperandrogenic insulin-resistant acanthosis nigricans
(HAIR-AN) syndrome, and 0.2% for androgen-secreting tumors [2, 3]. Androgen-
secreting tumors can originate from the ovaries or adrenal glands.

Pathophysiology

Androgen production occurs in the endocrine glands and peripheral tissues. The
endocrine glands responsible for androgen production are the adrenal glands and
ovaries. The peripheral tissues involved in androgen production are the liver, gut,
fat, and, most importantly, skin.

Androgen Production by Endocrine Glands

The androgens secreted by the endocrine glands are dehydroepiandrosterone sulfate
(DHEAS), dehydroepiandrosterone (DHEA), androstenedione, testosterone, and
androstenediol [4]. Androstenediol is rarely measured in clinical practice.
Testosterone has the most significant androgenic effect, but DHEAS, DHEA, and
androstenedione are precursors to testosterone. Androstenedione is produced in the
ovaries and adrenal glands, and it is a direct precursor to testosterone. DHEAS
(made in the adrenal glands) and DHEA (made in the ovaries and adrenal glands)
are converted to androstenedione, which is then converted to testosterone. Since
DHEAS is made only in the adrenal glands, it becomes an important marker of
adrenal androgen production.

Androgen Production in Peripheral Tissues

Testosterone is converted to dihydrotestosterone (DHT), a potent androgen, by the
enzyme 5-alpha-reductase present in the liver, hair follicles, and other androgen
target cells. Testosterone can also be converted to estradiol by aromatase in adi-
pose tissue.
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Clinical Evaluation

Hyperandrogenism can lead to hirsutism, which is the excessive growth of terminal
(coarse, thick) hair in a male-like pattern, including the upper lip, chin, sideburns,
earlobes, tip of the nose, back, chest, areole, axillae, lower abdomen, pubic triangle,
and anterior thighs. There are scoring systems available for quantifying hirsutism,
such as the Ferriman and Gallwey scale shown in Fig. 3.1 [5]. Not all patients with
hirsutism have hyperandrogenism, and conversely, not all patients with androgen
excess are found to have hirsutism. Familial, genetic, and ethnic differences can
influence the degree of hirsutism.

Acne, androgenic alopecia, and ovulatory dysfunction are also commonly found
in women with androgen excess. Though acne is common in adolescents, resistant
acne that persists into adulthood and is associated with hirsutism or ovulatory dys-
function raises concern for hyperandrogenism. Androgenic alopecia is male-pattern
temporal balding. Ovulatory dysfunction occurs to varying degrees in women with
hyperandrogenism and can include oligomenorrhea, amenorrhea, menorrhagia,
metrorrhagia, pelvic pain, premenstrual dysphoric syndrome, or infertility.

Virilization is a rare clinical finding of hyperandrogenism and occurs as a result
of severe androgen excess. In addition to hirsutism, acne, and androgenic alopecia,
virilization includes deepening of the voice, decreased breast size, increased muscle
mass, clitoral enlargement, and amenorrhea. Virilization is usually caused by an
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Fig. 3.1 Hirsutism scoring standards showing a spectrum from minimal hirsutism (grade 1) to
frank virilization (grade 4). The scores in each of these body regions are summed, and a total score
of 8 or more indicates hirsutism. (Reprinted from Hatch et al. [5] with permission from Elsevier)
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androgen-producing tumor but can also be caused by congenital adrenal hyperplasia
(CAH) or ovarian hyperthecosis (a severe PCOS variant).

A thorough history and physical exam are essential for the diagnosis of hyperan-
drogenism. In patients with suspected androgen excess, androgenic drugs should
first be excluded. Medications that are associated with hyperandrogenism include
exogenous androgens, anabolic steroids, danazol, and valproic acid. Patients should
specifically be asked about topical androgen use by themselves and their partners.
Medications that can cause hypertrichosis (excessive growth of androgen-
independent hair) include phenytoin, penicillamine, diazoxide, minoxidil, and
cyclosporine. The onset and progression of androgen excess symptoms should be
identified, as severe, rapid, and progressive symptoms raise concern for an adrenal
or ovarian androgen-secreting tumor. On physical exam, the provider should deter-
mine if signs of hyperandrogenism are present. When evaluating for hirsutism, one
should keep in mind that ethnic and genetic factors can contribute to idiopathic
hirsutism.

The diagnosis of PCOS is made if other disorders that can mimic PCOS (thyroid
disease, hyperprolactinemia, NCCAH) have been ruled out and two out of the three
following criteria are met: (1) clinical or biochemical androgen excess, (2) ovula-
tory dysfunction, or (3) polycystic ovaries on ultrasound [6]. Polycystic ovaries are
the result of increased androgen levels leading to inhibition of follicular develop-
ment. PCOS is frequently associated with obesity, insulin resistance, dyslipidemia,
and obstructive sleep apnea. Clinical signs of insulin resistance include acanthosis
nigricans and skin tags.

CAHs are autosomal recessive disorders and are most commonly caused by a
deficiency of 21-hydroxylase. A deficiency of this enzyme results in impaired cor-
tisol synthesis that leads to corticotropin stimulation of the adrenal cortex and
subsequent accumulation of cortisol precursors that are converted to sex hormones.
While classic CAH typically presents during infancy, NCCAH is a less severe
form that presents later in life. The clinical features of 21-hydroxylase-deficient
NCCAH include acne, hirsutism, and menstrual irregularities, making it difficult
to distinguish based on a clinical presentation from other etiologies of
hyperandrogenism.

In Cushing’s syndrome, signs of androgen excess, including hirsutism and viril-
ization, typically occur with adrenocortical carcinomas because these tumors tend
to secrete large amounts of androgen precursors with cortisol. Hyperprolactinemia
can lead to menstrual cycle dysfunction due to inhibition of gonadotropin-releasing
hormone (GnRH). It can also cause hirsutism and acne, possibly due to prolactin
increasing the adrenal androgens and dehydroepiandrosterone sulfate [7].
Hyperandrogenic insulin-resistant acanthosis nigricans (HAIR-AN) syndrome is
characterized by hyperinsulinemia, acanthosis nigricans, and hyperandrogenism,
including hirsutism, acne, menstrual irregularities, androgenic alopecia, and
changes in muscle mass.
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Laboratory Evaluation

In the evaluation of androgen excess, the most useful initial test is a serum total
testosterone level. Eighty percent of testosterone is bound to sex hormone-binding
globulin (SHBG), 19% is bound to albumin, and 1% is free. Decreases in SHBG,
which is made by the liver, increases the fraction of testosterone available to
androgen-sensitive hair and thereby promotes hirsutism. Conditions that decrease
SHBG include obesity, acromegaly, hypothyroidism, and liver disease. In clinical
practice, we measure total testosterone, but this correlates well with non-SHBG-
bound testosterone, allowing providers to predict bioavailable testosterone from the
total testosterone level [8]. In patients with normal total testosterone levels, assess-
ment of plasma free testosterone levels may help detect subtle hyperandrogen-
emia [1].

Women with normal testosterone levels and cyclic menses likely have idiopathic
hirsutism, and no further workup is needed. Idiopathic hirsutism is thought to be
caused by increased activity of 5-alpha-reductase, which leads to increased conver-
sion of testosterone to DHT. For women with confirmed or suspected androgen
excess, the following tests should be added as clinically indicated: serum prolactin,
TSH, FSH, LH, 17-hydroxyprogesterone, and DHEAS (Table 3.1) [9]. In anovula-
tory women with elevated testosterone levels, it is recommended to obtain serum
TSH and prolactin. In PCOS, testosterone is mildly elevated or at the upper limit of
normal. Some but not all patients with PCOS have an elevated LH/FSH ratio, and
this is not required for the diagnosis. In PCOS, DHEAS can be mildly elevated, but
it is not recommended to check a DHEAS level unless there is a concern for an
androgen-producing tumor. Patients presenting with hyperandrogenism should be
screenedforNCCAHdueto21-hydroxylasedeficiencywithal7-hydroxyprogesterone
level. It is recommended to check early morning 17-hydroxyprogesterone levels in
the follicular phase or on a random day for those with amenorrhea or infrequent
menses [10]. If the 17-hydroxyprogesterone level is over 2 ng/mL., further evalua-
tion should be conducted with a cosyntropin stimulation test. Androgen-producing
tumors are suspected when the total testosterone level in a female is persistently

Table 3.1 Laboratory evaluation of hyperandrogenism

Total
testosterone DHEAS
Idiopathic hirsutism Normal Normal
PCOS High-normal or | Normal or | Can have elevated LH/FSH ratio
high high
Nonclassic adrenal High Normal Elevated serum
hyperplasia 17-hydroxyprogesterone
Adrenal androgen- Very high Very high
producing tumor
Ovarian androgen- Very high Normal
producing tumor
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greater than 200 ng/dL [11]. When the testosterone level is very high, and DHEAS
is greater than 7000 ng/mL, then it is likely an androgen-producing adrenal tumor is
present. If there is a concern for the HAIR-AN syndrome, basal insulin level and its
response to an oral glucose load should be measured. Patients with the HAIR-AN
syndrome will have basal insulin greater than 80 pU/mL if fasting or above 500 pU/
mL after glucose administration [11].

Imaging Evaluation

Imaging is typically reserved for patients with very high testosterone levels (e.g.,
>150 ng/dL), clitoromegaly, rapidly progressive hirsutism, or severe hirsutism. A
wide range of pathologies can account for elevated androgen levels, prohibiting a
single imaging test as the test of choice for all cases.

Given that PCOS accounts for more than 80% of patients with androgen excess,
the initial test of choice is a pelvic endovaginal ultrasound. In the setting of PCOS,
endovaginal ultrasound demonstrates enlarged ovaries (volume > 10 cm?) with mul-
tiple small follicles (>12 follicles, measuring 2—9 mm in size) as shown in Fig. 3.2
[12]. Prominent central stroma within the ovary was historically described in
patients with PCOS. However, this has failed to be a reproducible finding as there is
no standardized method to measure stromal volume. While findings are typically
bilateral, only unilateral findings are needed to be considered positive. It is impor-
tant to note that patients with PCOS may have normal-appearing ovaries on ultra-
sound. Conversely, imaging findings alone cannot diagnose PCOS; the Rotterdam
criteria requires two of three criteria to be met for diagnosis [13]. The Rotterdam
criteria includes clinical or biochemical hyperandrogenism, oligo or anovulation,
and polycystic ovaries.

Additional ovarian pathologies such as fibrothecomas, luteomas of pregnancy,
Sertoli-Leydig tumors, and massive ovarian edema, each have their own radiologic
presentation on pelvic ultrasound but can all be evaluated with endovaginal

Fig. 3.2 Selected ultrasound images of a left ovary demonstrating an enlarged ovary with multiple
small follicles, compatible with imaging findings of PCOS



3 Clinical, Laboratory, and Radiological Diagnosis of Hyperandrogenism 51

Fig. 3.3 In-phase (a) and out-of-phase (b) MR imaging of a 45-year female which demonstrates
loss of signal on out-of-phase imaging within a small right adrenal lesion, compatible with an
adrenal adenoma

ultrasound. In cases where endovaginal ultrasound is limited, magnetic resonance
imaging (MRI) of the pelvis may be helpful for further evaluation. CT has a limited
role in the diagnosis of primary ovarian pathology [14].

Although less common, significantly elevated DHEAS levels and abnormal
24-hour urine-free cortisol levels can suggest underlying adrenal pathology [11].
Such pathologies include adrenal hyperplasia, adrenal adenomas, and adrenal corti-
cal carcinoma. All adrenal pathologies can be imaged using multiphase CT or MRI
cross-sectional imaging of the abdomen. Adrenal hyperplasia typically appears as
thickened (over 10 mm) adrenal limbs, occasionally with a micronodular appear-
ance. Adrenal adenomas present as discrete adrenal nodules which demonstrate
characteristic low signal on noncontrast CT (>10 HU), rapid washout (>60% abso-
lute washout) on 15-min delayed phase CT imaging, or intravoxel fat (seen as a
signal loss) on out-of-phase imaging on MRI (Fig. 3.3). The dreaded but rare adre-
nal cortical carcinoma presents as a large adrenal mass (>6 cm) with necrosis and
venous invasion as common secondary findings.

Finally, pituitary tumors should be imaged using an MRI of the brain with high-
resolution imaging of the pituitary gland as these micro- and macroadenomas of the
pituitary may be subtle. Thyroid ultrasound can be utilized in patients who have
suspected thyroid hypoplasia or agenesis.

Conclusion

In summary, symptoms of hyperandrogenism include hirsutism, alopecia, ovulatory
dysfunction, and virilization in severe cases. The most common cause of androgen
excess is PCOS, but idiopathic hirsutism, NCCAH, and androgen-secreting tumors
should also be considered. A thorough history and physical exam are essential.
Patients should be asked about medications as well as the onset and progression of
symptoms. Initial laboratory evaluation should include total testosterone, but
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prolactin, TSH, FSH, LH, 17-hydroxyprogesterone, and DHEAS can be considered
based on the patient’s presentation. Depending on the suspected etiology, imaging
may include pelvic endovaginal ultrasound, abdominal CT, or abdominal MRI.
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Chapter 4
Clinical, Laboratory, and Radiological
Diagnosis of Hypercortisolism

Paul A. Guido and Carlos A. Zamora

Introduction

Hypercortisolism and its associated clinical findings, otherwise known as Cushing’s
syndrome, is a classical endocrine condition of hormone excess. There are many
physical findings of hypercortisolism that clinicians should recognize as a reason to
evaluate for the condition. The state of excess cortisol can lead to significant mor-
bidity and mortality if untreated. The diagnosis can be quite challenging due to
confounders and multiple different etiologies. Furthermore, the treatment para-
digms of the various causes differ greatly and range from the cessation of offending
medications to pituitary or adrenal surgery. Therefore, accurate diagnosis of the
cause of hypercortisolism is important and requires collaboration among endocri-
nologists, diagnostic radiologists, and interventional radiologists to recommend
appropriate medical or surgical therapy. In this chapter, we will review the clinical,
laboratory, and radiological diagnosis of hypercortisolism.

Etiology

The physical manifestations of hypercortisolism can be similar for all different eti-
ologies of Cushing’s syndrome. The etiologies are separated by whether the
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hypercortisolism is due to exogenous or endogenous sources of corticosteroids. By
far, the most common etiology is exogenous corticosteroid administration. Overt
symptoms of hypercortisolism can manifest quickly due to high doses of high-
potency systemic glucocorticoids. On the other hand, the indolent subclinical disease
may manifest due to low doses of oral corticosteroids or even due to topical steroids
administered chronically. Millions of patients receive corticosteroids for autoimmune
disease, dermatologic problems, transplants, and malignancies. The clinician must be
diligent in excluding all prescribed and unprescribed oral, injectable, inhaled, or topi-
cal forms of corticosteroid before working up endogenous hypercortisolism.

Endogenous causes of hypercortisolism are much less common than exoge-
nous sources. The overall incidence of endogenous hypercortisolism has been
reported between 1.8 and 2.3 per million annually based on different population
studies [1-3]. Endogenous hypercortisolism can be further characterized as adre-
nocorticotropic hormone (ACTH) dependent or independent. The pathophysio-
logic details of the various etiologies will be further discussed in later sections.
ACTH-dependent causes include ACTH-producing pituitary adenoma (Cushing’s
disease), which is the most common (66—-80% of cases) [4]. Other ACTH-
dependent causes include ectopic ACTH syndromes, where the source of the
ACTH is outside the pituitary. These are often due to neuroendocrine malignan-
cies such as carcinoid tumors or small cell lung cancer. Very rarely can a tumor
produce ectopic (non-hypothalamic) corticotrophin-releasing hormone (CRH),
which leads to excess pituitary production of ACTH.

ACTH-independent causes of hypercortisolism are responsible for 20-30% of
cases [4, 5]. Most common are unilateral benign adrenal adenomas that produce
cortisol, followed by unilateral malignant adrenocortical carcinomas that produce
cortisol and precursor hormones. The bilateral adrenal disease that is ACTH inde-
pendent is rare and comprises bilateral macronodular adrenal hyperplasia and pri-
mary pigmented nodular adrenal disease.

Epidemiology

Endogenous hypercortisolism is estimated to have an incidence of 1.8-2.3 per
million annually. The majority (74-81%) of cases are found in women, and the
median age of presentation is 39-44 [1-4]. Mortalities in cohort studies range
from 11% to 15%, and meta-analyses show a standardized mortality ratio
(SMR) of 1.84 in patients with pituitary disease compared with 1.90 in patients
with the adrenal disease [6]. In patients with adrenocortical carcinoma, SMR is
48.00. In patients with hypercortisolism due to ectopic ACTH syndromes, SMR
is 13.33 [7]. Mortality is predominantly driven by cardiovascular disease and
infections in nonmalignant causes of hypercortisolism. Specific morbidity will
be discussed in the clinical evaluation section. Patients presenting with certain
comorbidities, such as diabetes or osteoporosis, are more likely to have
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hypercortisolism [8, 9]. However, the constellation of symptoms and comor-
bidities, which is described further in this chapter, is required to consider
screening, as there is no single condition or recommended universal screening
guidelines [10].

Pathophysiology

To understand how the different etiologies of hypercortisolism arise, it is important
to examine them in the context of the hypothalamic-pituitary-adrenal (HPA) axis
(Fig. 4.1). The paraventricular nuclei of the hypothalamus secrete corticotrophin-
releasing hormone (CRH) in response to systemic cortisol levels, various physio-
logical stressors, and the circadian rhythm. CRH and vasopressin, which is also
secreted from the hypothalamus, act upon the corticotroph cells of the anterior pitu-
itary, resulting in the release of ACTH. Production of ACTH is diurnal, with a peak
in the morning, around 8:00 am and nadir around midnight. ACTH then acts upon
the cortex of the adrenal gland to cause the synthesis of corticosteroids. Cortisol
then acts upon the glucocorticoid receptor in tissues throughout the body. Negative
feedback from cortisol occurs at both the hypothalamus and the anterior pituitary,
reducing, first, release of ACTH, and, second, synthesis of CRH. The balance
between all components of this neuroendocrine system is highly regulated and
excessive hormone at each level can contribute to hypercortisolism.

Pituitary Corticotroph Adenomas: Cushing’s Disease

This ACTH-dependent process is almost always caused by a pituitary microade-
noma (<10 mm) that produces ACTH with incomplete resistance to cortisol nega-
tive feedback. Macroadenomas (>10 mm) are less common (7% of Cushing’s
disease in a single-center study) [11]. All corticotroph adenomas form in the ante-
rior pituitary gland and are typically driven by somatic mutations in tumor suppres-
sor genes or glucocorticoid receptor pathways. Much less common (about 5% of
adenomas) are germline mutations inherited in familial syndromes such as multiple
endocrine neoplasia type 1 [12, 13]. The clonal proliferation of corticotroph cells
leads to the development of the tumor and subsequent elevation in plasma ACTH
levels. It is important to note that the degree of ACTH elevation does not necessarily
correlate to the severity of the disease. In fact, ACTH levels can be in the normal
range but are considered “inappropriately normal” in the context of systemic hyper-
cortisolemia [ 14]. This is due to the incomplete resistance to cortisol feedback in the
adenoma. ACTH produced by the adenoma then acts physiologically on both adre-
nal glands to cause excess endogenous hypercortisolism. This can lead to adrenal
hyperplasia. The disease can be subclinical to overt in severity.
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Fig.4.1 Cartoon representation of positive (+) and negative (—) feedback within the hypothalamic-
pituitary-adrenal axis. Corticotropin-releasing hormone from the hypothalamic paraventricular
nuclei acts upon the corticotroph cells of the anterior pituitary to cause production of adrenocorti-
cotropic hormone (ACTH). ACTH acts upon the adrenal cortex to cause production of cortisol.
Cortisol exerts negative feedback on the hypothalamus and pituitary. (Illustration courtesy of
Sierra Finn, Chapel Hill, NC)
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Ectopic ACTH Syndrome

This ACTH-dependent process is typically caused by neuroendocrine tumors
located outside of the pituitary. These are either well-differentiated neuroendocrine
tumors, such as bronchial carcinoid, gastrointestinal carcinoid, and islet cell tumors,
or poorly differentiated tumors such as small cell lung carcinoma, medullary thy-
roid carcinoma, or pheochromocytoma [15, 16]. A key concept for these tumors is
that they tend to produce ACTH and its precursors at higher levels than found in
pituitary sources, and the ACTH is fully resistant to cortisol negative feedback. The
elevated levels of ACTH act on the adrenal glands to produce endogenous hypercor-
tisolemia. This leads to more aggressive disease and is typically more clinically
apparent.

Unilateral Adrenal Adenoma

This is an ACTH-independent process. A benign tumor forms in the adrenal cortex
and produces cortisol without signaling from pituitary ACTH. The autonomously
produced cortisol will then cause negative feedback on the normal HPA axis and
result in atrophy of the pituitary corticotroph cells and the contralateral adrenal
gland. In contrast to adrenocortical carcinoma, adrenal adenomas typically produce
mature glucocorticoid products instead of precursors. In patients with unilateral
disease, somatic mutations are often found in cell cycle proteins or, less frequently,
transmembrane signaling receptors that respond to other hormonal pathways [17,
18]. The disease can be subclinical to overt in severity.

Adrenocortical Carcinoma

This is an ACTH-independent process. A malignant tumor forms in the adrenal cor-
tex and often produces a state of hormonal excess. This frequently involves the
production of cortisol, androgens, aldosterone, and immature precursors. Hormonal
excess is found in approximately 60% of cases [19, 20]. These tumors can often
present with mass effect or symptoms from metastatic disease. Adrenocortical car-
cinomas can be associated with inheritable syndromes such as Li-Fraumeni,
Beckwith Wiedemann, or multiple endocrine neoplasia type 1. Sporadic mutations
cause most cases and involve multiple mutations, often including TP53 [21]. They
are aggressive tumors with a poor prognosis due to both the excess hormonal state
and the spread of malignancy with associated complications.
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Bilateral Adrenal Nodular Disease

These are ACTH-independent processes. They are separated into macronodular and
micronodular diseases based on the appearance of the adrenal glands on cross-
sectional imaging or pathology. Macronodular (bilateral macronodular adrenal
hyperplasia [BMAH]) disease has nodules greater than 1 cm in diameter. The large
adrenal glands secrete cortisol or multiple adrenal hormones and precursors autono-
mously and lead to Cushing’s syndrome. BMAH can be associated with several
inheritable conditions such as McCune-Albright syndrome, multiple endocrine neo-
plasia type 1, adenomatous polyposis coli, or familial inheritance of BMAH alone
[22]. Somatic mutations during embryogenesis can lead to BMAH and often involve
the cyclic AMP/protein kinase A pathway or transmembrane peptide hormone
receptors that respond to vasopressin or gastrointestinal inhibitory peptide [23]. The
disease can be overt or subclinical. Micronodular (primary pigmented nodular adre-
nal disease [PPNAD)]) disease has innumerable small nodules less than 1 cm that are
darkly colored on pathology. The normal adrenal glands can also produce cortisol
autonomously. This disease is the most frequent manifestation of the Carney com-
plex (spotty skin pigmentation, endocrine tumors including PPNAD, pituitary
tumors, or thyroid tumors, testicular tumors, breast tumors, and cardiac myxomas).
The disease is due to a mutation in the PRKARAI1 tumor suppressor gene [24].
Hypercortisolism can be subclinical or overt.

Clinical Evaluation

Clinical suspicion of hypercortisolism remains an exercise in understanding the
constellation of symptoms that can manifest. Since the incidence of obesity and
metabolic syndrome has drastically increased since Harvey Cushing, the classical
description of the patient with a moon-shaped face, obesity, and hirsutism is no
longer specific. Many of the signs and symptoms overlap with other conditions, and
hypercortisolism can be subclinical in nature. As a result, the workup can be a chal-
lenging task and requires a firm understanding of the laboratory evaluation as well.
Severe disease is often unmistakable and progresses quickly. As discussed previ-
ously, the clinician should first exclude all exogenous sources of glucocorticoids,
including topical preparations, as these are responsible for most hypercortisolism
cases. It is also important to consider states of physiologic hypercortisolism. This is
sometimes referenced as pseudo-Cushing’s and can be found in patients with
chronic alcoholism, severely uncontrolled diabetes, and extreme physical or psy-
chological stress. Once these are excluded, the clinician can utilize the constellation
of features of hypercortisolism and their probabilities to consider further workup. A
cartoon representation of a patient with manifestations of hypercortisolism is seen
in Fig. 4.2. As reported in the guidelines for the diagnosis of Cushing’s syndrome
by the Endocrine Society, laboratory screening should be considered for patients
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Fig. 4.2 Cartoon representation of the clinical manifestations of hypercortisolism. (Illustration

courtesy of Sierra Finn, Chapel Hill, NC)

with multiple or progression of the following exam features: easy bruising, facial
plethora, proximal muscle weakness, purple striae greater than one centimeter wide,
or in children with weight gain and decreasing growth velocity. The guidelines also
recommend screening for patients with unusually severe osteoporosis, hyperten-

sion, or those with adrenal incidentalomas [10].
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Adipose and Skin

Patients with hypercortisolism are classically described to have changes in adipose
distribution: truncal obesity, dorsocervical fat pads (buffalo hump), and facial full-
ness (moon facies). However, their total body fat is not higher than obese patients
without Cushing’s [25]. Dermatologic findings are usually due to skin atrophy,
which is often significantly thinner than patients without hypercortisolism [26]. The
thin skin results in easy bruising, purple striae, and facial flushing. Skin hyperpig-
mentation (dusky tan in color) can be seen in ACTH-dependent hypercortisolism
due to excess ACTH precursor product, pro-opiomelanocortin (POMC). Hirsutism
and acne are a result of increased adrenal androgens.

Musculoskeletal

Hypercortisolism induces a catabolic state in bone and muscle tissue. This results in
muscle weakness and atrophy, along with osteoporosis. Patients often have diffi-
culty rising from a seated position due to thigh weakness. Their limbs are usually
thin. Osteopenia is found in 40-78% of patients, and they are more likely to have
fractures than those without hypercortisolism with a reported hazard ratio of 1.4
[27, 28].

Metabolic

Glucose, lipid, and electrolyte abnormalities are common manifestations of hyper-
cortisolism. Cortisol induces insulin resistance, which leads to glucose intolerance.
Glucose intolerance is reported in up to 87% of patients with Cushing’s syndrome
[27]. Although hypercortisolism may be present in about 2% of patients with diabe-
tes, it is not recommended to screen all diabetes patients for hypercortisolism unless
there are other concerning features [8]. Dyslipidemia is common and manifests as
increased cholesterol and triglycerides. Hypokalemia can occur with markedly ele-
vated cortisol through an escape mechanism that results in glucocorticoid action on
the mineralocorticoid receptor.

Cardiovascular

Hypertension is the predominant cardiovascular abnormality, found in up to 85% of
patients with hypercortisolism [29]. In conjunction with the metabolic syndrome
discussed previously, this leads to high cardiovascular risk for patients with
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Cushing’s syndrome. There is a demonstrated increase in atherosclerotic and car-
diomyopathic disease. Hypercortisolism can also lead to an increased risk of venous
thromboembolism due to the induction of a hypercoagulable state. Between 1.9%
and 2.5% of patients with hypercortisolism are reported to have unprovoked venous
thromboembolism [30].

Reproductive

Elevated cortisol exerts negative feedback on the hypothalamic-pituitary-gonadal
axis leading to hypogonadotropic hypogonadism. In women, this leads to irregular
menstrual cycles and infertility. In men, this leads to decreased testosterone levels
and sperm counts. Both genders can have diminished libido. Etiologies that produce
excess adrenal androgens, such as adrenocortical carcinoma, can also result in
virilization.

Immune

Endogenous cortisol can lead to immune suppression in a similar fashion as exog-
enous corticosteroids when used for rheumatologic and inflammatory conditions.
This raises the risk for infection, which is the cause of death in 21% of patients with
Cushing’s disease [31]. Opportunistic infections can occur in more severe hypercor-
tisolism, but typical bacterial infections are more common [32].

Psychiatric

Chronic hypercortisolism leads to neuropsychiatric changes due to the effect of
cortisol on the central nervous system. Depression is common, reported in up to
81% of patients. Anxiety is found in 66% of patients, along with irritability, insom-
nia, and cognitive impairments. The constellation can lead to suicidal thoughts, and
suicide was attempted in 5% of patients [33].

Laboratory Evaluation

Laboratory evaluation of hypercortisolism is a multistep process. The first and most
important task is to establish the diagnosis of hypercortisolism. The second task is
to determine if the hypercortisolemia is ACTH dependent or independent. The third
task is to determine the etiology. The decision to start a laboratory workup is
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dependent on the constellation of possible clinical findings as previously described.
The Endocrine Society guidelines recommend three screening tests: (1) a 24-hour
urine free cortisol collection, (2) a low-dose dexamethasone suppression test, and
(3) a midnight salivary free cortisol [10]. Each test has benefits and limitations, and
the clinician must understand both to make the diagnosis accurately. One test alone
should not be used to make the diagnosis; if a screening test is positive, a second test
should be performed. If there is high clinical suspicion, but the test is negative, the
clinician should consider a different screening test.

Diagnosing Hypercortisolemia: 24-Hour Urine Free Cortisol

The 24-hour urine free cortisol collection is a simple test that measures cortisol in
the urine that is not bound to cortisol-binding globulin. This is important because
medications and physiologic states affect cortisol-binding globulin and, therefore,
total serum cortisol levels. These include exogenous estrogens and pregnancy. This
test is not affected by either. Since the sample is collected for 24 h, the test is less
affected by variation in cortisol levels throughout the day. A value above the upper
limit of normal should be considered a positive result. In patients with true hyper-
cortisolism, the 24-hour urinary free cortisol has a likelihood ratio of 10.6 of a posi-
tive result and 0.16 of a negative result [34]. Negative results are typically found in
patients with mild subclinical hypercortisolism. The confounders of this test include
the following: dependence on patients collecting an adequate sample, renal failure,
and high urine volumes. A concomitantly collected 24-hour urine creatinine can
help delineate errors in the collection.

Diagnosing Hypercortisolemia: Low-Dose Dexamethasone
Suppression Test

The patient is instructed to take 1 mg of dexamethasone orally at 23:00, followed by
the collection of serum cortisol level at 08:00. An alternative form of the test utilizes
0.5 mg of dexamethasone every 6 h for 48 h. This dynamic test relies upon negative
feedback from the high-potency glucocorticoid on the HPA axis. Normal patients
will suppress their cortisol levels upon dexamethasone administration. There is con-
siderable literature dedicated to the cutoff value for the serum cortisol level. The
Endocrine Society recommends a cutoff value of less than 1.8 pg/dL to maintain
optimal sensitivity of greater than 95% [10]. Patients with true hypercortisolism had
a likelihood ratio of 11.6 for a positive result and 0.09 for a negative result using a
1 mg overnight dexamethasone suppression test [34]. This test is confounded by
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changes in cortisol-binding globulin such as pregnancy or exogenous estrogen, as
well as medications that alter dexamethasone metabolism via the CYP3A4 pathway.
Some examples include antiepileptics, like phenobarbital, phenytoin, or carbamaze-
pine; antimicrobials like rifampin, rifapentine, itraconazole, or ritonavir; or others
such as cimetidine, fluoxetine, or diltiazem. Some clinicians will measure a dexa-
methasone level to confirm that the patient did indeed take the medication, though
this is not available at all labs. The low-dose dexamethasone suppression test is the
preferred test for the evaluation of adrenal incidentaloma due to its high
sensitivity.

Diagnosing Hypercortisolemia: Late Night Salivary
Free Cortisol

The patient is instructed to collect a saliva sample at midnight. Like the 24-hour
urine collection test, salivary cortisol is not bound to cortisol-binding globulin and
is therefore unaffected by conditions that alter cortisol-binding globulin concentra-
tion, such as pregnancy or estrogen use. This test utilizes the diurnal variation in
cortisol to screen for abnormalities. Patients with hypercortisolism first lose the
late-night nadir in cortisol levels. Patients with true hypercortisolism had a likeli-
hood ratio of 8.8 for a positive result and 0.07 for a negative result [34]. The
Endocrine Society guidelines recommend a cutoff of less than 145 ng/dL for a nor-
mal result [10]. Confounders for this test include tobacco, licorice, or disruptions to
a normal sleep-wake cycle such as night shift workers.

Determining ACTH Status

Once hypercortisolism is confirmed with at least two screening tests as above, the
next step is to determine the ACTH status. Serum ACTH levels that are suppressed
less than 10 pg/mL suggest an ACTH-independent cause of hypercortisolemia.
ACTH levels greater than 20 pg/mL suggest an ACTH-dependent cause of hyper-
cortisolemia. Values between 10 and 20 pg/mL are indeterminate, and the use of a
CRH stimulation test can help determine the ACTH status [35]. Pituitary adenomas
respond to stimulation and will increase ACTH and cortisol compared to ACTH-
independent etiologies. CRH is injected intravenously, and cortisol and ACTH lev-
els are collected at 15-min intervals. Cutoff levels are different at various centers.
For all tests, it is important to note that ACTH is very unstable and must be collected
and transported quickly to the lab on ice.
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Determining the Etiology

Once the ACTH-dependent or independent status is determined, there are several
methods to differentiate the etiologies. Most depend on adrenal or pituitary imaging
studies, as discussed in the imaging section. For ACTH-independent etiologies,
abdominal computed tomography (CT) is frequently used to look for adrenal adeno-
mas, adrenocortical carcinoma, or bilateral nodular disease. Occasionally, adrenal
venous sampling is required for a definitive diagnosis, as discussed in a later chap-
ter. For ACTH-dependent etiologies, the first step is typically pituitary magnetic
resonance imaging (MRI). If the tumor is smaller than 6 mm, neurointerventional
radiologists often perform inferior petrosal sinus sampling (IPSS), which is the gold
standard for determining whether an ACTH-dependent hypercortisolemia is due to
a pituitary or ectopic lesion [36]. IPSS is discussed in detail in a later chapter. If
IPSS is unavailable or nondiagnostic, there are two laboratory tests that can help
differentiate pituitary from ectopic ACTH etiologies. The CRH stimulation test, as
mentioned previously, will cause an elevation in ACTH and cortisol in pituitary
adenomas, but not in ectopic ACTH syndromes as the tumors lack CRH receptors
and have suppressed the normal pituitary response to CRH. This test is 86% sensi-
tive and 90% specific [37]. The high-dose dexamethasone suppression test is con-
ducted by collecting a baseline 08:00 cortisol, having the patient take 8§ mg of
dexamethasone at 23:00, and collecting cortisol levels the next day at 08:00.
Suppression of cortisol by >50% is due to a pituitary adenoma. Less than 50% sup-
pression is likely due to an ectopic ACTH syndrome. This test is 88% sensitive and
57% specific [38].

Imaging Evaluation

ACTH-Secreting Pituitary Adenomas

MRI is the mainstay modality for evaluating pituitary adenomas due to its better soft
tissue contrast compared with CT. Typical protocols include a combination of T1-
and T2-weighted sequences with sagittal and coronal acquisitions through the pitu-
itary gland using thin slices (<3 mm) with a small field of view. Although signal
intensity is variable, ACTH-secreting adenomas are generally iso- to mildly hyper-
intense on T2- and hypointense on noncontrast T1-weighted sequences relative to
the cerebral cortex. Hemorrhagic adenomas may contain fluid-blood levels or areas
of intrinsic T1 hyperintensity due to methemoglobin.

While small adenomas can be challenging to visualize, coronal images may
show a more pronounced convex margin on the side of the lesion and deviation of
the pituitary infundibulum to the contralateral side [39]. Intravenous administration
of gadolinium is necessary to characterize the tumor and delineate its extent. Most
adenomas enhance less avidly than the pituitary parenchyma and, therefore, will
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appear relatively hypointense on post-contrast T1-weighted sequences [40].
However, some pituitary microadenomas (<1 cm) are not seen on routine imaging
and may only be identified utilizing dynamic MRI protocols. These are achieved by
acquiring serial coronal images through the pituitary gland in 10- to 15-s intervals
following the intravenous injection of gadolinium. In the early phases of a dynamic
scan, a pituitary adenoma usually appears hypointense compared to the avidly
enhancing normal pituitary gland. In the later phases, there is a progressive enhance-
ment of the adenoma, which tends to “blend in”” and approximate the signal inten-
sity of the pituitary gland (Fig. 4.3).

One small retrospective study was able to identify microadenomas in 96% (23 of
24) of patients with mild Cushing’s disease utilizing dynamic MRI, compared to
15% (3 of 20) on non-dynamic sequences [41]. In a different study, dynamic MRI
had higher sensitivity compared with non-dynamic MRI (67% vs. 52%, respec-
tively) but lower specificity (80% vs. 100%, respectively) [42]. A more recent study
that evaluated different MRI techniques for detecting microadenomas in patients
with Cushing’s disease found that adding a 3D post-contrast non-dynamic T1
sequence resulted in a higher sensitivity than adding routine dynamic scans alone
(54% vs. 47%, respectively) [43]. On the downside, there was a trade-off for lower
specificity (66% for 3D vs. 77% for dynamic MRI); however, the change in diag-
nostic accuracy was minimal (54 vs. 53%, respectively).

Some institutions employ heavily T2-weighted high-resolution MRI sequences
such as constructive interference in steady state (CISS) or fast imaging employ-
ing steady-state acquisition (FIESTA) after injecting gadolinium, which can be

Fig. 4.3 Coronal dynamic pituitary protocol MRI with noncontrast (a) and serial post-contrast
(b—d) T1-weighted sequences after gadolinium injection. There is a microadenoma within the left
pituitary gland (arrowheads), which appears hypointense on the early phases and blends in with the
surrounding parenchyma on the later sequences. Note more pronounced convexity of the upper left
pituitary contour and mild deviation of the infundibulum to the right
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done at 0.7 mm slice thickness or less. However, like other 3D sequences, CISS
and FIESTA are sensitive to motion artifact. A recent study comparing a 3D post-
contrast T1 sequence with CISS found similar sensitivities between the two tech-
niques with an increased detection rate when they were used in conjunction
(Fig. 4.4) [44].

The presence of cavernous sinus invasion by a pituitary adenoma is associated
with decreased rates of hormonal remission and need for further intervention [45].
MRI has been utilized preoperatively to predict cavernous sinus invasion with
variable results. Knosp et al. developed the most widely utilized classification
system, which describes the extent of invasion using the cavernous internal carotid
arteries (ICAs) as a landmark [46]. Grading is assessed on coronal post-contrast
T1 images and ranges from grade 0, where there is no extension beyond the medial
margin of the ICA, to grade 3, where the tumor extends beyond the lateral margin,
and grade 4, where there is complete carotid encasement [47]. The rate of cavern-
ous sinus invasion of grade 3 lesions ranges between 38% and 65%, and the most

Fig. 4.4 Coronal (a) and sagittal (b) post-contrast CISS sequences through the pituitary gland
demonstrate a hypoenhancing microadenoma (arrows) surrounded by the avidly enhancing pitu-
itary parenchyma (arrowheads). Note deviation of the infundibulum to the left
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Fig. 4.5 Coronal
post-contrast T1-weighted
image demonstrates a
macroadenoma (arrows)
with cavernous sinus
invasion completely
encasing the right internal
carotid artery (arrowhead)

predictive finding is complete carotid encasement (grade 4) with 100% invasion
rate (Fig. 4.5) [47-49]. The rate of cavernous sinus invasion for grade 1 and 2
lesions is 2% and 10%, respectively [47].

Ectopic ACTH Syndrome

Ectopic ACTH production accounts for 20% of ACTH-dependent hypercortisolism
and is most commonly secondary to small cell carcinoma of the lung and bronchial
carcinoid tumors [50]. In patients with ACTH-dependent hypercortisolism who
have a negative or equivocal MRI and non-localizing inferior petrosal sinus sam-
pling, imaging evaluation of the neck, chest, and abdomen is indicated utilizing CT
or MRI [51]. If a lesion remains undetected, one can proceed with nuclear medicine
studies, such as somatostatin analogue scans or F-18 fluorodeoxyglucose (FDG)
positron emission tomography (PET).

Thoracic Sources of Ectopic ACTH Production

Because thoracic tumors represent the most common etiology of ectopic ACTH
syndrome, the most appropriate initial investigation is a chest CT. In a study evalu-
ating 383 patients with ectopic ACTH syndrome, 23% were secondary to bronchial
carcinoid, and 22% were due to small cell lung cancer, followed by 13% of patients
with gastroenterohepatic neuroendocrine tumors [52].
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Bronchial carcinoid tumors are neuroendocrine neoplasms, ranging from low-
grade typical lesions to more aggressive high-grade neoplasms. They most com-
monly occur in association with a segmental or larger caliber bronchus but may also
occur peripherally [53]. Carcinoid tumors present as hilar or perihilar masses that
are usually round, well-circumscribed, and slightly lobulated. Foci of calcification
or ossification are common [54]. Because carcinoids are highly vascular tumors,
most lesions show avid and homogeneous contrast enhancement following the
intravenous administration of iodinated contrast material [54]. FDG-PET is based
on the evaluation of glucose metabolism and has shown some utility in detecting
bronchial carcinoids that are not seen on conventional chest CT (Fig. 4.6). A meta-
analysis showed a pooled sensitivity of 71% of FDG-PET to detect bronchial carci-
noids [55]. However, because the majority of these tumors have a low metabolic
rate, they may be more difficult to visualize than lung malignancies, which usually
show very avid FDG uptake. Therefore, the absence of an FDG-avid lesion cannot
reliably exclude the presence of a bronchial carcinoid [56]. Because carcinoid
tumors are rich in somatostatin receptors, they may be imaged utilizing different
radiotracers. Gallium (Ga)-68 DOTA-peptide, a somatostatin analogue, can be used
in conjunction with PET and has shown much higher affinity to somatostatin recep-
tors than Indium 111 pentetreotide, which has been the gold standard for over two
decades [57]. Ga-68 DOTA-peptide has higher sensitivity for the detection of pri-
mary pulmonary carcinoids compared with F-18 FDG-PET (90% vs. 71%, respec-
tively) [55].

Small cell lung cancer typically presents as a hilar mass with bulky mediastinal
adenopathy. Although the size of the primary tumor may be relatively small, these
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Fig. 4.6 Axial fused F-18 FDG-PET/CT (a) demonstrates avid uptake in a right bronchial carci-
noid (arrow). A separate focus of uptake in the left anterior chest corresponds to a rib fracture.
Frontal view from whole-body F-18 FDG-PET (b) shows the right bronchial carcinoid (arrow) and
increased uptake in the adrenal glands (arrowheads) due to overstimulation. (Image courtesy of
Edgar Zamora, MD, Montefiore Medical Center, The Bronx, NY)
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tumors have a rapid doubling time and vascular invasion is common [58]. Lesions
are usually lobulated and are less likely to show the characteristic spiculation that is
commonly seen in primary lung malignancies [59]. CT has traditionally been used
for lesion identification and to characterize the extent of intrathoracic disease; how-
ever, more recent studies have shown FDG-PET to be highly sensitive and more
accurate in determining the stage and treatment response [60].

Abdominal Sources of Ectopic ACTH Production

Thirteen percent of ectopic ACTH production cases are secondary to gastroentero-
hepatic neuroectodermal tumors, most commonly pancreatic islet cell tumors, intes-
tinal carcinoids, and pheochromocytomas [52]. After ruling out an ectopic thoracic
source, the presence of abdominal lesions can be initially investigated with contrast-
enhanced CT or MRI. Pancreatic neuroendocrine tumors are typically round and
well-circumscribed and, due to a rich capillary network, show avid contrast enhance-
ment on both CT and MRI. Contrast enhancement is usually homogeneous but may
be ring-like or heterogeneous, particularly in larger lesions [61]. Although protocols
vary by institution, a typical approach on CT is to image the abdomen in both arte-
rial and venous phases (20-25 and 55-70 s after intravenous contrast injection,
respectively) as the lesion may be detectable in one phase but not the other [61, 62].

The small intestine is the most common location for gastrointestinal carcinoids,
which are most frequently located in the distal ileum [63]. Like their bronchial
counterparts, small intestine carcinoids are highly vascular masses that show avid
contrast enhancement, and calcification is common. Because they are generally
small, the sensitivity of conventional CT or MRI for detection of a primary lesion is
low. However, studies have shown improved detection with multiphasic CT utiliz-
ing neutral oral contrast (e.g., water or low-attenuation barium sulfate suspension)
[64]. Gastrointestinal carcinoids most commonly metastasize to the liver and lymph
nodes. Mesenteric metastases can have a desmoplastic reaction resulting in a spicu-
lated, “spoke-like” appearance of the mesenteric vessels [65]. As mentioned in the
preceding section, the use of FDG-PET may be limited due to the low metabolic
activity of most carcinoids, while somatostatin receptor scintigraphy is more sensi-
tive [66].

ACTH-Independent Hypercortisolism

Abdominal imaging is indicated in patients with ACTH-independent hypercorti-
solism to evaluate a possible adrenal source [51]. CT is highly accurate for the
detection and characterization of adrenal lesions and is usually the first imaging
modality; however, MRI may also be utilized. Adrenal adenomas are typically
round and well-circumscribed. Functioning lesions resulting in Cushing’s syndrome
are typically larger than 2 cm and readily identifiable [67]. Approximately 70% of



70 P. A. Guido and C. A. Zamora

adrenal adenomas are rich in lipids leading to low attenuation on noncontrast CT. An
attenuation value of less than 10 Hounsfield units on noncontrast CT has demon-
strated a sensitivity of 71% and specificity of 98% for diagnosis of an adenoma [68].
Those that are lipid poor (and which therefore do not have low attenuation on non-
contrast CT) can be investigated with contrast-enhanced CT using venous (60-75 s)
and delayed (15 min) scans, although protocols vary by institution [69]. Because of
their rich vascularity, adrenal adenomas demonstrate rapid washin and rapid wash-
out of contrast material, compared with non-adenomatous lesions which tend to
wash out more slowly [67]. The diagnosis of adrenal adenomas on MRI is based on
the “chemical shift” phenomenon. Because of slight differences in the magnetic
resonant frequencies of water and fat molecules, lipid-rich adenomas demonstrate
decreased signal intensity on out-of-phase MRI sequences [69]. Notably, the major-
ity of adrenal adenomas are nonfunctioning. The distinction between functioning
and nonfunctioning lesions cannot be made on imaging findings alone and may
necessitate adrenal venous sampling [70]. In patients with primary pigmented nodu-
lar adrenal disease, the adrenal glands typically show multiple small nodules with
interposed atrophy of the adrenal cortex, although findings can also be normal on
CT. In macronodular adrenal hyperplasia, the glands appear massively enlarged and
distorted with multiple nodules of varying sizes (Fig. 4.7) [71].

Adrenal cortical carcinomas are aggressive malignancies that may result in
ACTH-independent hypercortisolism or primary aldosteronism. The majority are
large at presentation and commonly present with necrosis, hemorrhage, and hetero-
geneous contrast enhancement [72]. Calcification is seen in 24% of patients [73].
Signal intensities on MRI are variable and depend on the extent of hemorrhage,
necrosis, and calcification [74].

Fig. 4.7 Axial post-
contrast CT demonstrates
marked enlargement of the
adrenal glands with
nodules of varying sizes
(arrows) in a patient with
hypercortisolism secondary
to ACTH-independent
macronodular adrenal
hyperplasia. (Image
courtesy of Israel
Saramago, MD, UNC
Health, Chapel Hill, NC)
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Chapter 5
Clinical, Laboratory, and Radiological
Diagnosis of Pancreatic Islet Cell Tumors

Jashalynn German, Lauren M. B. Burke, and Jennifer V. Rowell

Introduction

Neuroendocrine tumors (NETSs) include a diverse group of tumors that stem from a
lineage of sensory/neural and secretory cells. There is heterogeneity among specific
tumor types, but they share certain biological characteristics. NETSs are predominately
located within the bronchopulmonary and gastrointestinal systems [1]. For the scope of
this chapter, we will focus on a subset of NETs that derive from the pancreas. Pancreatic
endocrine tumors (PETS) may also be referred to as pancreatic neuroendocrine tumors,
as pancreatic islet cell tumors, and, historically, as islet of Langerhans tumors [2].

The diagnosis of PETs is based on clinical presentation, laboratory data, and,
often, a variety of imaging findings, all of which may vary based on the specific
neoplasm. PETs may range in presentation from nonfunctioning to hormone-
secreting tumors or aggressive debilitating malignancies [2]. Nonfunctioning
tumors may be discovered incidentally on imaging, and patients may be without
noticeable symptoms, while other patients may present with nonspecific symptoms
such as abdominal pain, which may be due to local compression/mass effect sec-
ondary to primary tumor growth, vascular invasion, or metastatic disease [3].
Functional PETs may present with a specific pattern of syndromes due to ectopic
release of hormones, including insulinomas, gastrinomas, VIPomas, etc. [4—7]. This
chapter will discuss these functional PETSs in more detail (Table 5.1).
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Table 5.1 Tumor characteristics
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Tumor name
(associated Estimated | Clinical presentation Tumor
hormone) incidence | characteristics Laboratory data | characteristics
Gastrinoma 1-3 per Recurrent peptic ulcer | Fasting gastrin MENI frequently
(gastrin) million disease, severe levels >500 pg/ associated with
population | gastroesophageal mL or >fivefold | multiple tumors,
reflux, diarrhea the upper limit high risk of
OR gastrin level | malignancy
rising above (approx. half are
200 pg/mL or metastasized at
doubling from time of diagnosis)
baseline after
secretin
administration
Glucagonoma Less than | Necrolytic migratory | Plasma glucagon | Typically a
(glucagon) 0.1 per erythema, new-onset levels >500 pg/ solitary tumor
million diabetes mellitus or mL or 10-20-fold | with a relatively
population | worsening glycemia, from normal larger size than
higher risk for acute reference ranges | other panNets,
deep venous and approximately
thrombosis and 50-80% are
pulmonary embolism metastatic at
diagnosis
Insulinoma 1-2 per Whipple’s triad: All of the Solitary
(insulin) million * Confirmatory fasting | following: neoplasms or
population | hypoglycemia * Plasma glucose | multiple
* Neuroglycopenic less than 55 mg/ | pancreatic tumors
symptoms and/or dl which may be
autonomic nervous | ¢ Insulin >3.0 benign or
system dysfunction pU/m malignant in
* Improvement in * C-peptide nature
symptoms with >0.6 ng/mL
resolution of * Proinsulin
hypoglycemia >5.0 pmol/L
* Negative insulin
antibodies
* Negative oral
hypoglycemic
agent screen
Somatostatinoma | Less than | Abdominal pain, triad | Elevated fasting | Larger primary
(somatostatin) 0.1 per of glucose intolerance/ | plasma levels of | tumors (median
million diabetes mellitus, somatostatin size pancreatic
population | cholelithiasis, and (usually exceeding | tumor 4.25 cm)
steatorrhea 30 pg/mL) and >70% are

malignant with
the majority
having metastasis
at time of
diagnosis
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Table 5.1 (continued)

Tumor name
(associated Estimated | Clinical presentation Tumor
hormone) incidence | characteristics Laboratory data | characteristics
VIPoma 0.1 per Recurrent episodes of | VIP levels higher | More than 60% of
(vasoactive million facial flushing, severe | than 500 pg/mL | VIPomas are
intestinal peptide) | population | secretory watery malignant, with
diarrhea, hypokalemia, up to 60% having
and hypochlorhydria or metastasized to
achlorhydria lymph nodes,
liver, kidneys, or
bone
Etiology/Physiology

Historically, gastroenteropancreatic NETs were classified based on embryologic
origin, with tumors of the pancreas considered to arise from the foregut along with
tumors of the pulmonary tree, stomach, gallbladder, and duodenum [8]. The pan-
creas has exocrine and endocrine functions. The majority of the gland is made up of
acinar cells, involved in exocrine function pathways, and, to a lesser extent, areas of
secretory tissue formally called islet of Langerhans cells. These specialized secre-
tory cells arise from endoderm and neuroectodermal precursors [9]. PETs originate
from these heterogeneous populations of cells, with shared characteristics including
amine and neuropeptide hormone production and secretion in dense-core vesi-
cles [10].

Gastroenteropancreatic endocrine cells have characteristic neuroendocrine
markers, including synaptophysin, the most sensitive, and chromogranin A, the
most specific marker [11]. In addition, there are additional markers such as
CDX2, Islet 1 (ISL-1), which are specific to endocrine cell subtypes and are ben-
eficial in instances of metastatic disease from an unknown primary site [12].
PETs may present sporadically or in association with hereditary genetic muta-
tions that predispose patients to well-differentiated NETs such as multiple endo-
crine neoplasia syndrome 1 (MEN1), neurofibromatosis 1, and von Hippel-Lindau
disease [1].

The World Health Organization (WHO) has released guidance on the classifi-
cation of NETs based on histologic features. The grading of NETs is based on
mitotic counts and the Ki-67 labeling index. The American Joint Committee on
Cancer (AJCC) staging of gastroenteropancreatic NETs uses a TNM system
based on primary tumor characteristics. The TNM system involves assessing the
primary tumor size (<2 cm, 2—4 cm, >4 cm), presence of invasion of adjacent
organs, involvement of regional lymph nodes, and distant metastasis (hepatic vs.
extrahepatic) [13].
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Epidemiology

The incidence of all NET is estimated to have increased from 3.6- to 4.8-fold over
the past four decades [14—16]. The incidence of gastroenteropancreatic NET has
increased over recent years, now annually, approximating 5.25 per 100,000 [17].
The current incidence of PETs is estimated to be 0.32-0.8 per 100,000 cases [18].
Rising incidence is related to advances in imaging technology and an aging popula-
tion [19, 20].

According to the Surveillance, Epidemiology, and End Results (SEER) database,
from 1973 to 2000, most PETs diagnosed were nonfunctional tumors (90.8%).
Nonfunctional PETs include tumors that do not produce hormones, tumors that pro-
duce hormones at a low enough level to not cause classic syndromes, or tumors that
produce hormones but do not cause symptoms. Examples include pancreatic poly-
peptide, chromogranin A, ghrelin, calcitonin, or neurotensin. Chromogranin A is
detectable in the plasma of patients with a range of neuroendocrine neoplasms,
including nonfunctional PETs. Patients who present with PETs in the setting of
genetic mutations such as MEN1 are more likely to present at younger ages and are
more likely to have multifocal tumors. Sporadic cases commonly present with soli-
tary masses during the 5th decade of life [21].

Insulinoma

Etiology/Pathophysiology

Insulinomas are PETs that secrete excessive amounts of insulin, a peptide hormone
that has effects on glucose metabolism, including inhibition of glycogenolysis and
gluconeogenesis, increased glucose transport into fat and muscle, increased gly-
colysis in fat and muscle, and stimulation of glycogen synthesis [22]. Evolving
research has brought new histological data on the origin of insulinomas. It is
believed that these tumors arise from cells of the ductular/acinar system of the pan-
creas rather than from neoplastic proliferation of islet cells, as previously thought
[23]. Presenting symptoms are related to severe hypoglycemia due to loss of homeo-
stasis of the pathways mentioned above.

Epidemiology

Insulinomas are one of the most common types of functional PETs, with an annual
incidence of 1-2 per million [18]. Insulinomas can present as solitary neoplasms
or multiple pancreatic tumors, which may be benign or malignant in nature,
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defined as the presence of metastases. The majority of insulinomas are sporadic
and are usually diagnosed after the 5th decade of life, while the minority of insu-
linomas related to MEN1 syndrome (10%) tend to occur before the 4th decade of
life [24, 25].

Clinical Evaluation

Patients with insulinomas often present with Whipple’s triad, consisting of (1) labo-
ratory proven hypoglycemia, (2) neuroglycopenic symptoms (e.g., vision changes,
confusion, coma, or seizure) and autonomic dysfunction (e.g., diaphoresis, palpita-
tions, tremors, anxiety), and (3) improvement in symptoms with resolution of hypo-
glycemia [1, 24]. Hypoglycemia due to insulinomas is often related to exercise or
periods of fasting [24]; a subset of patients experience postprandial hypoglyce-
mia [25].

Laboratory Evaluation

Before pursuing imaging or invasive procedures, it is important to exclude other
more common causes of hypoglycemia, including factitious hypoglycemia or that
which is secondary to other medical conditions such as severe liver or renal impair-
ment or sepsis. Insulinomas can be diagnosed based on biochemical evaluation dur-
ing medically supervised fasting periods, which traditionally can last up to 72 h. A
positive fasting test that is consistent with excess endogenous insulin includes a
confirmatory negative oral hypoglycemic agent screen, plasma concentrations of
glucose less than 55 mg/dl (3.0 mmol/L), insulin of at least 3.0 pU/mL (18 pmol/L),
C-peptide of at least 0.6 ng/mL (0.2 nmol/L), and proinsulin of at least 5.0 pmol/L
[26, 27].

Gastrinoma

Etiology/Pathophysiology

Gastrinomas are PETs that secrete excessive amounts of gastrin. This peptide hor-
mone stimulates gastric parietal cells directly and indirectly by way of histamine-
secreting enterochromaffin-like (ECL) cells with the ultimate response of
overproduction of gastric acid. High volumes of gastric acid overwhelm the pan-
creas’s ability to neutralize intestinal contents. Drastically increased acidity of
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intestinal contents weakens pancreatic digestive enzymes and damages intestinal
epithelial cells and villi, hindering digestion and reabsorption of intestinal contents,
leading to diarrhea [28, 29].

Epidemiology

The incidence of gastrinomas is 1-3 per million per year, with 75% localized to the
duodenum and 25% arising in the pancreas [1, 18, 30]. Studies have shown a slightly
higher incidence of gastrinomas in men compared to women [28]. The majority of
gastrinomas are sporadic; however, it is the most common functional PET in MEN|1
syndrome [31]. Forty percent of patients with MEN1 have either the Zollinger-
Ellison syndrome or asymptomatic elevation in serum gastrin concentrations.
Gastrinomas in MEN1 are often multiple, and most are malignant, with 50% of
patients having metastatic disease at the time of diagnosis. Primary pancreatic gas-
trinomas have a poor prognosis. Relative to duodenal gastrinomas, they are more
aggressive, larger in size, and more frequently metastasize (usually to the liver) [32].

Clinical Evaluation

The clinical manifestations of gastrinomas are related to increased gastric acid
secretion and its effects on the lining of the esophagus, stomach, and intestines. The
common presenting symptoms include abdominal pain, recurrent peptic ulcer dis-
ease, severe gastroesophageal reflux that may lead to dysphagia, diarrhea, and
weight loss. These constellations of symptoms are often referred to as Zollinger-
Ellison syndrome [1, 27].

Laboratory Evaluation

Gastrinomas are diagnosed by biochemical evaluation showing gastrin levels ele-
vated during fasting and hypersecretion of gastric acid. In patients not on anti-acid
treatment, fasting gastrin levels >500 pg/mL or greater than 5 times the upper limit
of normal are suggestive of gastrinoma, and levels >1000 pg/mL are highly sugges-
tive [24, 33].

Prior to biochemical evaluation, patients must stop protein pump inhibitor (PPI)
therapies as they may alter testing sensitivity and specificity [6]. If initial gastrin
levels are equivocal, provocative testing such as secretin stimulation testing can be
performed. Secretin provocative testing requires a period of fasting and intravenous
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administration of secretin followed by serial measurements of gastrin levels. Results
showing a gastrin level rising above 200 pg/mL or a doubling of baseline fasting
gastrin is strongly suggestive of a gastrinoma [24]. Additionally, basal gastric acid
output greater than 115 mEq/h in the general population, without history of bariatric
surgery, is characteristic of gastrinomas [27]. Intravenous calcium administration
has also been shown to increase gastrin levels [34]. Provocative testing may help
distinguish gastrinomas from other medical conditions associated with higher levels
of gastrin, including Helicobacter pylori infections, G cell hyperplasia, chronic
atrophic gastritis, or pernicious anemia [27].

Glucagonomas
Etiology/Pathophysiology

Glucagonomas are PETs that secrete excessive amounts of glucagon, a peptide that
causes upregulation of gluconeogenesis and lipolysis pathways [35].

Epidemiology

Glucagonomas are much less common than insulinomas and gastrinomas, with an
annual incidence of less than 0.1 per million [18, 36]. The majority of glucagono-
mas are sporadic, with approximately10-20% occurring in association with MEN1;
however, glucagonomas occur in only 3% of patients with MEN1 [31].

Sporadic glucagonomas most commonly occur in the 5th decade of life, while
those associated with MEN1 occur earlier [37]. Glucagonomas are usually solitary
tumors and are larger than other PETs. Approximately 50-80% are metastatic at the
time of diagnosis [31].

Clinical Evaluation

Clinical manifestations of glucagonomas include new-onset diabetes mellitus or
worsening of glycemic control in patients with diabetes. The catabolic effects of
high levels of glucagon often result in significant weight loss. Patients with gluca-
gonomas are also at higher risk for acute deep vein thrombosis and pulmonary
embolism [1, 27]. The most distinct feature of glucagonomas and often the initial
presenting symptom is necrolytic migratory erythema, a painful pruritic erythema-
tous rash that varies from vesicles and bullae to plaques [2, 37].
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Laboratory Evaluation

The diagnosis of a glucagonoma requires the demonstration of increased plasma
glucagon levels (>500 pg/mL), or 10 to 20-fold elevation above normal reference
ranges (normal <50 pg/mL). Concentrations above 1000 pg/mL are virtually diag-
nostic of glucagonoma. Before undergoing extensive biochemical testing and imag-
ing, it is important to rule out other causes of elevations in serum glucagon, including
hypoglycemia, fasting, trauma, sepsis, acute pancreatitis, abdominal surgery,
Cushing’s syndrome, renal failure, and liver failure [37].

Somatostatinomas

Etiology/Pathophysiology

Somatostatinomas are PETs that secrete excessive amounts of somatostatin, a tetra-
decapeptide involved in inhibiting secretions of several hormones, including gas-
trin, glucagon, growth hormone, and insulin, in addition to other gastrointestinal
hormones such as cholecystokinin and pancreatic enzymes.

Epidemiology

Somatostatinomas are estimated to have an annual incidence of less than 0.1 per
million [18]. The mean age of diagnosis is in the Sth decade [38]. The majority of
somatostatinomas are sporadic, but slightly over one third of somatostatinomas
occur in association with MEN1 syndrome or other familial syndromes such as
neurofibromatosis type 1, von Hippel-Lindau, and tuberous sclerosis [38, 39].

Like glucagonomas, somatostatinomas tend to have larger primary tumors, with
the median size of a pancreatic tumor being 4.25 cm [39]. It has previously been
documented that over 70% of somatostatinomas are malignant, with the majority
having metastasized at the time of diagnosis [40].

Clinical Evaluation

Somatostatin-secreting tumors are associated with several gastrointestinal
symptoms. However, due to the intermittent secreting pattern of this tumor,
initially, symptoms may be nonspecific. The most common presentation is
abdominal pain. Less often, patients present with somatostatin syndrome, which
is characterized by the triad of glucose intolerance/diabetes mellitus,
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cholelithiasis, and steatorrhea. Steatorrhea is due to compromised lipid absorp-
tion. Increased risk of cholelithiasis is due to reduced gallbladder contraction
secondary to inhibition of cholecystokinin release [27, 39].

Laboratory Evaluation

Somatostatinomas are diagnosed by detecting elevated fasting plasma levels of
somatostatin (usually exceeding 30 pg/mL); however, they are more commonly
identified on imaging for workup of nonspecific complaints such as abdominal pain
or weight loss [38].

VIPoma

Etiology/Pathophysiology

VIPomas are PETs that secrete excessive amounts of vasoactive intestinal peptide
(VIP), a polypeptide known to bind to receptors widely in the human body, includ-
ing in the gastrointestinal system, resulting in increased fluid and electrolyte secre-
tion into the gastrointestinal lumen leading to diarrhea. VIP is also involved in other
pathways that result in vasodilation, increased glycogenolysis, and bone resorption.
Somatostatinomas are diagnosed by detecting elevated fasting plasma levels of
somatostatin (usually exceeding 30 pg/mL). However, they are more commonly
found on initial imaging for work up of nonspecific complaints such as abdominal
pain or weight loss [41].

Epidemiology

The annual incidence of VIP-secreting tumors is 0.1 per million [18]. The majority
of VIPomas are sporadic, with only 5% being associated with MEN1 syndrome.
VIPomas are usually diagnosed between the third and fifth decades of life. The
majority of VIPomas have metastasized at the time of diagnosis [42].

Clinical Evaluation

Patients with VIPomas often present with recurrent episodes of facial flushing,
severe watery diarrhea that persists during fasting periods, and volume depletion.
This collection of symptoms is often referred to as pancreatic cholera syndrome or
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watery diarrhea, hypokalemia, and hypochlorhydria or achlorhydria (WDHA) syn-
drome [41]. Patients often present with symptoms of dehydration and manifesta-
tions of hypokalemia such as weakness, fatigue, and muscle cramps.

Laboratory Evaluation

VIP-secreting PETSs can be diagnosed by eliciting a detailed history of symptoms in
the setting of VIP levels higher than 500 pg/mL. These patients have severe secre-
tory diarrhea, which may reach a volume of several liters a day and with a low fecal
osmotic gap (<50 mOsm/kg). VIPomas may secrete hormones intermittently, so it
may be necessary to repeat testing when patients are symptomatic to confirm the
diagnosis [41].

Imaging Evaluation

Imaging plays a pivotal role in the diagnosis and workup of PETs. The typical imag-
ing features of a PET include a well-defined, homogeneously hyperenhancing mass
without pancreatic ductal obstruction. Peak enhancement of these tumors typically
occurs in the early arterial phase. Larger tumors can show internal cystic or necrotic
change but usually retain a hypervascular rim. Unlike pancreatic adenocarcinoma,
PETs do not commonly invade or obstruct adjacent structures.

Computerized tomography (CT) scans are the initial imaging modality of choice
at many medical centers. CT can be performed quickly, is readily available, and is a
highly sensitive examination to detect both primary pancreatic lesions and meta-
static disease [18, 43, 44]. CT protocols are typically multiphasic with unenhanced
imaging to detect intratumoral calcification or hemorrhage and arterial and portove-
nous phase imaging to detect enhancement characteristics (Fig. 5.1). Given the high
vascularity of these tumors, most lesions are detected on arterial phase imaging
when they reach peak enhancement, but the use of portovenous phase imaging has
shown to increase overall detection rates. Like other morphological imaging modal-
ities, sensitivity depends on tumor size, with higher rates of success with larger
tumors. Sensitivity of CT for the detection of PETs ranges from 64% to 100% [45].

Although not as readily available and more costly, magnetic resonance imaging
(MRI) offers a few advantages to multiphasic CT, including better soft tissue dif-
ferentiation, improved detection of hepatic metastases, and lack of ionizing radia-
tion (Fig. 5.2). As with CT, the success of PETs detection with MRI depends on
tumor size, with higher rates of success for larger tumors. Sensitivity is high at 93%
with a specificity of 88% [4]. Of note, long scan times and narrow bores may pro-
hibit the use of this imaging technique in patients with claustrophobia, especially as
MRI is degraded by motion artifact.
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Fig. 5.1 Single axial
contrast-enhanced CT
image of the upper
abdomen in arterial phase
demonstrating a 1 cm
hyperenhancing mass
along the anterior aspect of
the pancreatic tail (arrow).
Pathologic evaluation
confirmed an islet cell
tumor

Fig. 5.2 Single axial
post-contrast T1-weighted
volumetric interpolated
breath-hold examination
(VIBE) image of the upper
abdomen demonstrating a
1.6 cm hyperenhancing
mass within the pancreatic
head on arterial phase
imaging. Pathologic
confirmation at endoscopic
US was consistent with an
insulinoma

The majority of well-differentiated PETs overexpress somatostatin receptors
allowing for functional imaging to play a role in detection. Functional imaging tech-
niques use ''In-pentetreotide or ®Gallium to localize NETSs. Octreoscan using '''In
demonstrates a sensitivity ranging between 60% and 80% and a specificity of
92-100% [18, 44].

More recently, 68 Ga-DOTA positron emission tomography has become the func-
tional imaging modality of choice due to high sensitivity and specificity of 93% and
91%, respectively [46] (Fig. 5.3). One advantage of this technique is the detection
of whole-body distant metastases, which may not be included in the field of view on
cross-sectional imaging alone. Of note, functional imaging requires the tumors to
overexpress somatostatin receptors, so in cases of poorly differentiated PETs and
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Fig. 5.3 Selected images from an Octreoscan positron emission tomography/CT with
""n-pentetreotide demonstrating foci of uptake within the primary pancreatic neuroendocrine
tumor in the uncinate process of the pancreas, an inferior right hepatic lobe metastasis, and a dis-
tant left supraclavicular metastatic lymph node. (Images c/o Dr. Amir Khandani)

benign insulinomas, these imaging techniques may be falsely negative. Conversely,
there are nonneoplastic processes that may lead to false positive findings including
infection and other inflammatory processes, granulomatous disease, and thyroid
disease [44, 47].

Finally, in cases of high suspicion but negative imaging, endoscopic ultrasound
has a role in the detection of small tumors. Although invasive, this technique can
both detect tumors and allow for simultaneous biopsy of PETs. The drawbacks of
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endoscopic ultrasound are that it is a user-dependent skill with results depending on
the experience of the physician and requires sedation [4].

Conclusion

Neuroendocrine cells arise from lineage of sensory and secretory cells and are pres-
ent all over the body. The incidence of functional and non-functional PETs has
slowly increased over the past decades. The process of diagnosing PETs requires a
thorough history and physical examination. Biochemical evaluations for PETs
include baseline hormone levels and may require provocative testing. It is important
for clinicians to do thorough medication reviews as some drugs may hinder bio-
chemical evaluation. Imaging also plays a pivotal role in the diagnosis and workup
of PETs, with CT often being the initial modality of choice. Due to the unique
changes in protein expressions, functional imaging has become a helpful adjunct for
the detection of distant metastases.
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Chapter 6
Adrenal Vein Sampling

Hyeon Yu and Clayton W. Commander

Introduction

Primary Aldosteronism

Dr. Jerome W. Conn first described primary aldosteronism (PA) in 1954 in a patient
with an adrenocortical tumor [1-4]. PA is an endocrine disorder widely recognized
as the most common form of secondary hypertension [5-7]. It is caused by excess
secretion of aldosterone from one or both adrenal glands [8]. Initially, PA was
believed to be quite rare, with reported prevalence rates of 1-2%, mostly from ret-
rospective cohort studies [9, 10]. However, in a prospective study, Rossi et al.
showed that PA is far more common than previously believed, with a prevalence rate
of 11.2% in patients with newly diagnosed hypertension [7]. In this report, unilat-
eral aldosterone-producing adenoma (APA) was found in 4.8% of patients, demon-
strating PA as the most common cause of a curable endocrine form of hypertension
[7]. Despite this, it remains underdiagnosed and undertreated with significant mor-
bidity and mortality associated with renal and cardiovascular injury [5, 11].

Diagnosis of Primary Aldosteronism

According to the Endocrine Society guidelines, PA is diagnosed by a three-step
approach, consisting of screening, confirmation testing, and subtyping [5, 8]. For
initial screening, a positive plasma aldosterone-to-renin ratio (ARR) is used to
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differentiate PA from essential hypertension [8, 12]. Next, the adrenal gland’s
unsuppressed production of aldosterone should be demonstrated by confirmatory
tests, such as fludrocortisone suppression test, oral sodium loading test, saline infu-
sion test, and captopril challenge test [8]. Once PA is confirmed, identifying a cur-
able subtype of PA is crucial because only patients with PA caused by unilateral
adrenal abnormality benefit from surgery. Subtypes of PA include unilateral APA,
unilateral adrenal hyperplasia, unilateral multiple adrenocortical nodular hyperpla-
sias, bilateral APA, and bilateral adrenal hyperplasia [13—19]. Unilateral APAs and
bilateral adrenal hyperplasia are the most common types with prevalence rates of
55-65% and 35-45%, respectively [20].

Imaging of Primary Aldosteronism

Computed tomography (CT) is considered the primary imaging technique to iden-
tify adrenal nodules/hyperplasia and exclude adrenocortical carcinoma [13, 21].
High-resolution adrenal CT with contrast is preferred over magnetic resonance
imaging (MRI) because of the limited spatial resolution of MRI. However, differen-
tiating PA subtypes with CT is still challenging due to low sensitivity for the detec-
tion of micro APAs (<10 mm in diameter) and low specificity for the distinction of
APAs from incidental nonsecretory nodules [8]. In a systematic review evaluating
950 patients from 38 studies, Kempers et al. showed that CT and MRI misdiagnosed
the subtype of PA in 37.8% of patients [22]. More recently, a retrospective study
evaluating a total of 342 patients reported high discordance rates of 22-28% between
CT/MRI and adrenal vein sampling (AVS) [23]. A study of 367 patients with PA
demonstrated that AVS changed the management in 43% of cases [24]. In this study,
patients with discordant cross-sectional imaging and AVS would have undergone
wrong-side adrenalectomy and unnecessary surgery and would have been incor-
rectly excluded from surgery in 3%, 25%, and 16% of cases, respectively [24].
Several other similar studies also conclude that cross-sectional imaging is not opti-
mal in identifying surgically curable PA subtypes due to the lack of sensitivity and
specificity [23, 25, 26]. Dekkers et al. later challenged this finding in a prospective
randomized study evaluating the outcomes of 184 patients who underwent treat-
ments based on either CT or AVS [27]. The results of their study showed that there
was no significant difference in the intensity of hypertensive medication required to
control blood pressure between patients with CT-based and those with AVS-based
treatments. However, this study has been criticized for its substantial referral bias,
suboptimal primary endpoint (improvement in blood pressure control instead of
biochemical cure), and insufficient statistical power, such that the results should be
interpreted with caution [28-30]. There has been an attempt to lateralize the source
of PA with PET-CT using various tracers, including !'C-metomidate, *Ga-pentixafor,
and "F-CDP2230 [31-33]. The efficacy of *'I-6B-iodomethyl-19-norcholesterol
adrenal scintigraphy has also been suggested for PA workup [34]. However, their
accuracies are still inferior to AVS and are not suitable for routine clinical use.
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Adrenal Vein Sampling

Since AVS was first introduced in 1967, it has been the only reliable technique for
differentiating PA subtypes [35]. The Endocrine Society recommends AVS as the
gold standard to distinguish unilateral from bilateral forms of PA before considering
surgery [8, 28]. However, the frequency of AVS performed in patients with PA var-
ied widely among institutions due to various levels of expertise and practice. Also,
AVS is technically demanding and is regarded as an invasive procedure. In the
Adrenal Vein Sampling International Study (AVIS), including 2064 AVS proce-
dures in 24 centers from Asia, Australia, North America, and Europe, Rossi et al.
found that AVS is not systematically performed even at major referral centers
worldwide [36]. The mean rate of the systemic use of AVS was only 77% (19-100%)
in patients with PA [36]. Factors associated with the low frequency of AVS included
the reliance on cross-sectional imaging, high costs of AVS, lack of experience in
AVS or surgery, and the use of medical treatment only [36]. The technical success
of AVS depends on the interventional radiologists’ experience and skills. A safe and
successful procedure requires familiarity with normal and variant anatomy of the
adrenal veins, patient selection and preparation, stimulation and sampling tech-
niques, well-organized specimen handling, and consistent criteria for results inter-
pretation. Also, collaboration among interventional radiology, surgery, and
endocrinology is essential for developing an efficient clinical practice [37].

Anatomy

Embryology

The development of the venous system begins during the fourth week of gestation,
with the two anterior and two posterior cardinal veins [38, 39]. The posterior cardi-
nal veins drain the venous flow from the caudal portion of the embryonic body and
the mesonephroi (Wolffian bodies), which later develop the adrenal glands, kidneys,
and gonads [38, 40]. In the fifth week, subcardinal veins arise from the mesoneph-
roi, and venous flow gradually changes from the posterior cardinal veins to the
subcardinal veins [41, 42]. During this transition, the posterior cardinal veins begin
to regress distally. Simultaneously, the mesonephroi enlarge and migrate medially
with the subcardinal vein, connecting to the contralateral subcardinal vein through
the intersubcardinal anastomoses [38, 40]. The intersubcardinal anastomoses then
grow into the subcardinal sinuses, forming the renal veins [38].

In the seventh week, the supracardinal veins replace the regressing posterior car-
dinal veins and start draining venous flow from the caudal embryonic body [41].
The supracardinal vein subsequently enlarges on the right side, forming the infrare-
nal segment of the inferior vena cava (IVC) [39]. The cranial part of the right sub-
cardinal vein becomes the suprarenal segment of the IVC. In the embryonic liver
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area, hepatic sinusoids drain into the right subcardinal vein forming the hepatic
segment of the IVC [43]. During the IVC formation, bilateral mesonephroi and
subcardinal veins gradually regress, leaving the short segments of the subcardinal
veins on both sides of the IVC [38—40]. The left adrenal vein develops from the
remnant of the left subcardinal vein, which is associated with the left adrenal gland
and subsequently drains into the subcardinal sinus [42]. The remnant of the right
subcardinal vein, between the subcardinal sinus and the hepatic segment of the IVC,
becomes the right adrenal vein, draining directly into the suprarenal segment of the
IVC [42]. In each adrenal gland center, a prominent central adrenomedullary vein is
formed from the tributaries draining both cortex and medulla [44].

Right Adrenal Vein

Most commonly, the single right adrenal vein (RAV) drains directly into the IVC
(Fig. 6.1a). The orifice of the RAV locates most commonly in the IVC’s right pos-
terior quadrant at a level between the T11 and L1 vertebral bodies. The RAV takes

Fig. 6.1 Anatomical variations of the right adrenal vein (RAV). (a) The single RAV drains directly
into the IVC. (b) The RAV drains into the accessory hepatic vein, which drains into the IVC. (¢)
Two RAVs drain into the IVC independently. (d) The RAV is tripled and draining into the IVC. (e)
Two RAVs with one vein drain directly into the IVC, and the other vein drains into the right
renal vein
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a cranial, anterior, and medial course from the right adrenal gland to join the IVC
approximately 4-5 cm above the right renal vein. The RAV’s reported mean length
and diameter are 3.8 = 1.7 mm and 1.7 + 0.6 mm, respectively [45]. The RAV com-
municates with multiple small superficial veins from the glandular surface, sur-
rounding fat, and retroperitoneal veins [40, 46—48]. Most of the superficial veins of
the right adrenal gland join the right inferior phrenic vein (IPV) at the gland’s supe-
rior border [48]. These communicating veins drain into the accessory hepatic vein
(AHV) or azygos vein, providing a collateral venous channel when the RAV is
occluded [49]. The RAV also communicates with the portal venous network, play-
ing an essential role as a portosystemic shunt when the portal venous pressure
increases [50, 51].

Contrast-enhanced CT is frequently used to identify the RAV before AVS to
determine appropriate catheter shape. The RAV is best visualized in the late arterial
phase of CT, with the detection rate of 76-95% [45, 52]. In a retrospective study
evaluating the RAV’s radiologic anatomy, Matsuura et al. demonstrated that the
RAV joined the IVC at a level between the middle third of the T12 and the superior
third of the L1 vertebral body in 69% of the cases [45]. The reported mean distance
between the RAV orifice and the vertebral body’s right margin was 9.3 + 4.5 mm.
Later, the same group evaluated the RAV’s anatomic variations in a total of 440
consecutive patients using MDCT and catheter venography [52]. They found that
the RAV formed a common trunk with the AHV on MDCT in 20% of the patients
(Fig. 6.1b). The common trunk’s most frequent angle was a posterior, rightward,
and nearly horizontal from the IVC. The AHV was absent, located within 3 mm of
the RAV orifice, located >3 mm from the RAV orifice in 32%, 13%, and 35% of the
patients, respectively [52]. When the RAV and AHV form a trunk, or their orifices
locate near within 3 mm, the AHV may be misinterpreted as the RAV on the venous
sampling if the anatomy and relationship are not thoroughly evaluated on CT before
the procedure. Other variations of the RAV include (1) two RAVs draining sepa-
rately into the IVC (Fig. 6.1c), (2) three RAVs (Fig. 6.1d), and (3) two RAV with
one draining into the IVC and the other into the right renal vein (Fig. 6.1e) [53]. It
was reported that the variants occurred more often on the RAV (17%) compared to
the left side (9%) [51].

Left Arenal Vein

The left adrenal vein (LAV) receives the left IPV to form a common trunk before
entering the left renal vein (Fig. 6.2a). The LAV courses inferomedially and poste-
rior to the pancreas body to join the left renal vein’s superior border approximately
2.5-5 cm from the IVC [53, 54]. The mean lengths of the LAV from the adrenal
gland to the junction with the IPV and from the junction to the left renal vein are
1.4 cm (0.2-3.2 cm) and 1.6 cm (0.9-2.8 cm), respectively [48, 54]. The diameter
of the LAV changes from ~3 mm between the adrenal gland and the junction with
the IPV to 4-5 mm between the junction and the left renal vein [54]. Similar to the
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Fig. 6.2 Anatomical variations of the left adrenal vein (LAV). (a) The LAV receives the left IPV
to form a common trunk before entering into the left renal vein. (b) The left IPV and LAV drain
independently into the left renal vein. (¢) Two LAVs join the left renal vein separately. (d) The
LAV is doubled, with only one joining the left IPV before entering into the left renal vein. (e) The
LAV drains directly into the IVC. (f) Two left IPVs merge with the LAV, forming the common
trunk, and drain into the left renal vein. (g) The left IPV is doubled, with one joining the LAV and
the other entering the adrenal gland, draining into the left renal vein

right side, the LAV communicates with multiple small veins from the glandular
surface and the retroperitoneal veins [48]. These small communications drain into
the azygos or hemiazygos vein [53]. At the posterior surface of the gland, the small
superficial veins join the perirenal veins and occasionally drain into the left renal
vein [48]. The portal venous network also communicates with the LAV through the
left inferior phrenic vein (IPV) and create a portosystemic shunt in patients with
portal hypertension [51].

In a small cadaver study for the LAV’s anatomical variations, the left IPV joined the
LAV before entering into the left renal vein in 100% of the cases (Fig. 6.2a) [55].
However, they could not find any case with anastomoses between the LAV and the
lumbar-azygos system. In a similar but more extensive study of 300 cadavers evaluating
the IPV’s anatomy, Loukas et al. reported that the left IPV joined the LAV and entered
into the left renal vein as a common trunk in only 34% of the cases (Fig. 6.2a) [56].
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The left IPV was also drained directly into the IVC (Fig. 6.2e), the left renal vein, the left
hepatic vein in 37%, 15%, and 14% of the cases. Other rare variations of the LAV
include (1) two LAVs joining the left renal vein independently (Fig. 6.2¢), (2) two LAVs
with only one joining the left IPV before entering into the left renal vein (Fig. 6.2d), (3)
the LAV draining directly into the IVC (Fig. 6.2e), (4) two left IPVs merging with the
LAV forming the common trunk (Fig. 6.2f), and (5) two IPVs with one joining the LAV
and the other entering into the adrenal gland, draining into the left renal vein (Fig. 6.2g)
[53]. Rarely, the LAV drains into the left renal capsular vein, leading to unsuccessful
AVS [57].

AVS Procedure

Preparation of Patients

Any medications that could potentially stimulate renin secretion should be discon-
tinued or replaced by the medications that have no or minimal effects on renin
secretion before AVS. The preferred drugs that do not interfere with the renin-
angiotensin system include long-acting calcium channel blockers (verapamil or dil-
tiazem) and ol-adrenergic receptor blockers [58-60]. Similarly, p-blockers,
angiotensin-converting enzyme inhibitors, and angiotensin II receptor blockers can
also be used in most cases [58]. However, loop and thiazide diuretics, amiloride, and
mineralocorticoid receptor antagonists should be discontinued at least 4 weeks
before sampling [28]. If plasma renin activity is suppressed, AVS can be safely per-
formed regardless of the duration of the withdrawal of the medication. A 2-week
withdrawal protocol has been reported to be feasible in patients who cannot tolerate
the withdrawal of the medications for 4—6 weeks [61]. AVS should be performed
early in the morning when the highest value of cortisol and aldosterone is observed.
If the patient is allergic to contrast media, proper prophylactic premedication with
corticosteroid and diphenhydramine is needed.

ACTH Stimulation

Cosyntropin is a synthetic adrenocorticotropic hormone (ACTH 1-24) used to stim-
ulate adrenal hormone secretion and minimize the confounding effects of stress
resulting in fluctuation of the hormone during AVS [62, 63]. It has been reported
that ACTH stimulation improves the successful catheterization in AVS [64, 65].
Wolley et al. tested whether ACTH stimulation improved AVS’s diagnostic perfor-
mance for subtyping PA [66]. They found a significant increase in adrenal/periph-
eral cortisol concentration gradients in both sides between before and after an
intravenous bolus of 250 pg of ACTH, resulting in a reduction of nondiagnostic
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studies. Later, in a systematic review and meta-analysis, Laurent et al. confirmed
that AVS with ACTH stimulation significantly reduced the number of unsuccessful
catheterization of both adrenal veins more than AVS without ACTH stimulation
(p <0.001) [67]. ACTH stimulation is also recommended: (1) for patients with
ongoing glucocorticoid therapy, (2) for patients with concomitant subclinical hyper-
cortisolism, (3) when AVS is performed after 10 AM, and (4) to avoid bilaterally
lower adrenal vein aldosterone levels than in IVC due to temporary quiescent aldo-
sterone secretion [28]. ACTH stimulation is achieved via either continuous infusion
of ACTH at 50 pg/h, starting 30 min before AVS, or a bolus of 250 pg of ACTH,
15 min before AVS.

Technique

Our institution uses a continuous infusion of cosyntropin (50 pg/h), initiated
approximately 30 min before the AVS procedure. Under ultrasound guidance, the
common femoral vein is accessed with a 21-gauge needle, and a 5- or 6-Fr vascular
sheath is placed. The right internal jugular vein can be accessed when both femoral
veins are not patent or AVS is not successful via a transfemoral approach. Using a
5-Fr Mikaelsson (Beacon Tip, Cook, Bloomington, IN) or Cobra-2 (Imager, Boston
Scientific, Natick, MA) catheter, the RAV is selected under fluoroscopy. Digital
subtraction venography (DSV) is performed to verify the correct catheter position.
When performing DSV, a gentle manual injection of a small volume of contrast
media (~3 mL) is essential to avoid adrenal hemorrhage or vein injury [68]. If the
target vein is identified, further injection of contrast media for opacifying the entire
gland is not necessary. A 2.8- or 2.4-Fr microcatheter is subsequently advanced
through the 5-Fr catheter into the central vein, from which two blood samples are
collected by slow aspiration. We do not create a side hole at the tip or distal portion
of the catheter to minimize the sample’s potential dilution by IVC blood. Instead,
we use a microcatheter for the collection of blood samples in most cases. A
Simmons-1, Cobra-1, or other reverse-curve catheters, such as RDC, MK Adrenal-R
shape, MK-X, and MK-1B, can also be used [68, 69].

The selection of the LAV is relatively easy compared to the RAV. A 5-Fr
Simmons-2 catheter (Cordis, Miami Lakes, FL) is commonly used for the LAV. The
Simmons-2 catheter is first advanced into the left renal vein over a guidewire, and
DSV is performed to identify the common trunk of the left IPV and LAV. The cath-
eter is then slowly pulled back until the tip is engaged in the common trunk at the
left renal vein’s superior border. A gentle DSV is repeated from the common trunk
to confirm the LAV. The selection of the LAV and collecting blood samples are
performed similarly using a microcatheter. Lastly, the catheter is pulled down to the
lower IVC at the confluence of the bilateral common iliac veins and collect the final
set of blood samples. Each blood sample is collected in a properly labeled test tube
containing a serum separator, and all samples are transferred immediately to the
endocrinology lab for rapid cortisol assay.



6 Adrenal Vein Sampling 101
Venography of RAV

Successful RAV sampling requires comprehensive knowledge of the various veno-
graphic findings of the RAV. Daunt et al. described the RAV’s five unique patterns
on DSV, including (1) classic gland-like pattern with a central vein and numerous
small feathery branches and glandular blush (Fig. 6.3a); (2) delta pattern with two
or three prominent branches, but no filling of glandular structure (Fig. 6.3b); (3)
triangular pattern with crowded branches showing a “blush-like” appearance
(Fig. 6.3¢); (4) spiderweb-like branches without a glandular blush (Fig. 6.3d); and
(5) irregular branches with no discernible pattern (Fig. 6.3¢) [68]. In addition to the
RAV’s different patterns, recognizing the communicating vessels between the RAV
and surrounding capsular branches is also essential to avoid inadequate blood sam-
pling. The capsular veins of the right adrenal gland commonly course inferolaterally
and drain into the right renal vein, IPV, intercostal vein, or IVC [68]. If the AHV is
accidentally catheterized and injected with contrast media, the venogram shows the
intrahepatic branches with an upward and medial course (Fig. 6.4a), joining the
right hepatic vein with large irregular hepatic parenchymal blushes (Fig. 6.4b). The
AHYV has been reported to be the most common cause of inadequate RAV sampling
[70]. However, if the AHV is used as an anatomic landmark, the catheterization of
the RAV can be greatly improved [71].

Rapid Cortisol Assay

AVS is a technically challenging procedure, mainly due to difficulties in catheter-
ization of the RAV. The technical success depends on the interventional radiolo-
gist’s experience [72, 73]. Besides identifying the RAV on venography, no other
confirming methods were available before completing the procedure [74].
However, studies have shown that rapid cortisol assay allowed immediate resam-
pling of the RAV, resulting in markedly improved AVS success rates [74-77].
Rapid cortisol assay is performed during AVS while the patient and the interven-
tional radiologist are waiting in the angiography suite for immediate feedback
from the endocrinology lab [77]. At our institution, while the cortisol assay is
being performed, the patient is transferred to the recovery room with the vascular
sheath in place until the preliminary results are available [74]. If the results show
successful catheterization of the bilateral adrenal veins, the vascular sheath is
removed, and hemostasis is achieved with manual compression. If not successful,
the patient is transferred back to the angiography suite for repeat AVS. In two
similar retrospective studies, the reported success rates significantly improved
from 55-73% to 85-97% after introducing rapid cortisol assay [76]. Another new
method, an on-site quick cortisol assay, was recently introduced by Yoneda et al.
[78]. They showed a semiquantitative and quantitative cortisol assay using immu-
nochromatography and gold nanoparticles, which was completed within 6 min in
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Fig. 6.3 Digital subtraction venographic (DSV) findings of the right adrenal vein (RAV). (a) DSV
shows a typical gland-like pattern of the RAV with the central vein (long arrow), small branches
(small arrows), and a faint gland-like blush. (b) DSV demonstrates a delta pattern of the RAV with
multiple prominent veins without small branches or glandular structures. (¢) DSV demonstrates a
triangular pattern of the RAV with multiple crowded branches, showing a triangular “blush-like”
appearance. (d) DSV demonstrates a spiderweb pattern of the RAV. (e) DSV demonstrates the
RAV with no discernible pattern. There are multiple irregular branches without a pattern or gland-
like blush
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Fig. 6.4 Digital subtraction venographic (DSV) findings of the accessory hepatic vein (AHV). (a)
DSV of the AHV (short arrow) shows a hepatic parenchymal blush (double arrow) and multiple
intraparenchymal collateral veins draining into the right hepatic vein (long arrow) with a supero-
medial course. (b) DSV of the AHV shows a hepatic parenchymal blush with irregular outer margins

the angiography suite. As a result, the success rates were significantly improved
(93-94%) compared to AVS without quick cortisol assay (60—-63%).

Sequential vs. Simultaneous AVS

Sequential AVS involves a single puncture of the femoral vein with sequential cath-
eterization of the adrenal veins and samplings. The AVS usually starts from the
RAV, followed by LAV, and completed with infrarenal IVC. This technique requires
a continuous infusion of cosyntropin (50 pg/h) during the procedure to minimize the
stress-induced fluctuation in hormone secretion [79, 80]. Simultaneous AVS, on the
other hand, involves two separate accesses in the femoral vein, two different types
of catheters for bilateral adrenal veins, and a collection of all three sets of blood
samples at the same time for eliminating bias from stress-induced hormone fluctua-
tion [36, 80-83]. Therefore, simultaneous AVS can potentially obviate the need for
cosyntropin stimulation. Also, it allows multiple samplings for comparing values
between before and after a bolus of cosyntropin (250 pg) without reentering the
veins. However, simultaneous AVS is relatively more invasive, technically demand-
ing, and time-consuming and has an increased risk of adrenal vein thrombosis due
to prolonged catheterization [58, 80]. According to the 2012 AVIS, sequential AVS
has been the primary technique adopted by most centers, with simultaneous AVS
performed only in 35% of the centers worldwide [36]. Several studies have advo-
cated using simultaneous AVS over sequential AVS, without comparing two meth-
ods [81, 84, 85]. To date, only two studies compared two methods and concluded
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that the results from both techniques were concordant without compromising the
reliability of time-sensitive AVS [80, 86]. In a most recent study evaluating simulta-
neous and simulated sequential AVS, Rossitto et al. recommended primarily simul-
taneous AVS if the time delay between the RAV and LAV is longer than 15 min [84].
We use sequential AVS at our institution approximately 30 min after initiating con-
tinuous infusion of cosyntropin, with an average time delay between two adrenal
veins of less than 10 min.

C-Arm Cone-Beam CT

Cone-beam CT (CBCT) generates a volumetric data set in a single gantry rotation
using a two-dimensional, digital flat-panel detector system [87, 88]. The CBCT
mounted on a C-arm (C-arm CBCT) produces projection radiography, fluoroscopy,
digital subtraction angiography, and three-dimensional CT images in a single patient
setup in the angiography suite. C-arm CBCT has been used to improve AVS’s diag-
nostic outcomes by confirming an appropriate catheter position before collecting
blood samples, especially in the RAV [89-91]. In a retrospective study of 156
patients with PA, the rate of adequate bilateral AVS increased from 40.6% to 88.7%
when C-arm CBCT was used [90]. Also, the rate of catheterization failure from the
RAV decreased significantly. In a similar study of 91 AVS, Meyrignac et al. demon-
strated an improved overall success rate of AVS from 44% to 80% with C-arm
CBCT [91]. However, the patient’s radiation dose can be significant in C-arm CBCT
due to the automatic exposure control system [88]. When it is performed repeatedly
to confirm the catheter position, the patient’s radiation exposure further increases.
Therefore, C-arm CBCT is usually recommended when the institutional overall
AVS success rate is below 50% or for an inexperienced interventional radiolo-
gist [92].

Interpretation of AVS

Successful AVS is defined by the correct catheterization of the adrenal vein mea-
sured by the selectivity index (SI). The SI is the ratio of plasma cortisol concentra-
tion (PCC) in the adrenal vein and IVC (right SI = PCCg oy/PCCiyc, left ST =PCCy 4/
PCClyc) [65]. Although different SI values are used during AVS in most centers,
studies have shown that higher SI is more reliable, and the obtained results are more
accurate and reproducible [93, 94]. The Endocrine Society Guidelines recommend
SI > 2 without ACTH stimulation and SI > 5 with ACTH stimulation as bench-
marks for correct adrenal vein catheterization [28, 67].
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The lateralization index (LI) is used to identify the source of excess secretion of
aldosterone. It is calculated by dividing the aldosterone-to-cortisol (A/C) ratio from
the adrenal vein by the A/C ratio from the IVC (right LI = [Agav/Crav]/[Awvc/Cryvcl,
left LI = [Apav/Cravl/[Awvc/Crvc]) [95, 96]. To date, there is no consensus on the
ideal cutoff values of the LI to select the patients for surgery [28]. Based on the
retrospective studies and the Endocrine Society Guidelines, LI of 4 is recommended
to lateralize the source of aldosterone, regardless of the ACTH stimulation [28, 58,
83]. Although ACTH stimulation could potentially reduce the LI by increasing aldo-
sterone secretion from the suppressed adrenal gland, the systematic review showed
that the number of incorrect lateralization was similar between the groups with and
without ACTH stimulation [28, 67].

Complications

Complications associated with AVS include adrenal hemorrhage resulted from
adrenal vein rupture or dissection, infarction of the adrenal gland, and adrenal vein
thrombosis. The reported overall complication rate was 0.61% in the AVIS [36].
When an extreme outlier was excluded, the corrected complication rate was only
0.51%. In this international study, the number of AVS performed by each interven-
tional radiologist and the number of AVS performed per center were the major pre-
dictors for adrenal vein rupture. Also, the higher number of attempts necessary to
select the adrenal vein contributes to the higher rate of adrenal hemorrhage, espe-
cially in the RAV due to anatomical complexity [97]. Abdominal pain is the most
common symptom associated with adrenal hemorrhage, requiring conservative
management with opioids in most cases. If the symptom persists, follow-up CT is
recommended to rule out major retroperitoneal hemorrhage. Major complications,
such as adrenal insufficiency or hypertensive crisis, requiring long-term treatment,
are extremely rare [97].

Conclusion

Despite the advanced imaging technologies, AVS is still the only reliable method for
differentiating unilateral versus bilateral subtypes of PA before surgery. AVS is a
safe procedure with a low complication rate, but technically challenging. Therefore,
successful AVS requires experience, skills, and knowledge of adrenal venous anat-
omy, variations, and venographic findings. A combination of cosyntropin stimula-
tion and rapid or on-site quick cortisol assay should be considered to improve the
success rate. C-arm CBCT can also be considered for interventional radiologists
with limited experience or a center with a small number of AVS procedures.
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Chapter 7
Selective Venous Sampling
for Hyperparathyroidism

Takayuki Yamada and Akiyuki Kotoku

Introduction

Surgical dissection of the responsible parathyroid gland is the curative treatment for
primary hyperparathyroidism (pHPT). The conventional approach requires bilateral
neck exploration (BNE), but recently minimally invasive parathyroidectomy (MIP)
has become the preferred option. Both BNE and MIP are effective in terms of cure
rate; however, the safety profile of MIP is superior to BNE with lower rates of hypo-
calcemia and recurrent laryngeal nerve injury [1]. MIP does require precise preopera-
tive localization of the abnormal parathyroid gland [2]. This preoperative localization
can be performed with a variety of noninvasive and invasive imaging studies. The
noninvasive studies include ultrasound, computed tomography (CT), magnetic reso-
nance imaging (MRI), and *™Tc-sestamibi (MIBI). When noninvasive studies are
inadequate, venous sampling is a minimally invasive study that can be used.

Selective venous sampling (SVS) was initially reported in 1970 [3]. Taking
advantage of the fact that venous drainage of the four parathyroid glands is into the
adjacent thyroid veins [4], SVS identifies the area of venous drainage of a hyperac-
tive gland rather than its exact anatomical location [5]. Despite potential anatomic
variations, both radiology and surgical studies confirm the utility of SVS. Nevertheless,
improvements in noninvasive imaging techniques have reduced the utilization of
SVS over time. Yet, there continue to be situations in which SVS continues to have
arole in the localization of abnormal glands for pHPT. For these situations, a thor-
ough understanding of the complex anatomy and potential variants, as well as the
ability to selectively catheterize small veins draining the thyroid gland, is para-
mount to accurately localize the abnormal parathyroid gland.
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Indications

A noninvasive imaging study is the first step for localizing the responsible parathy-
roid gland containing the adenoma. Ultrasound and 99mTc-MIBI are the standard
first-line noninvasive imaging studies, while CT and MRI are reserved for patients
requiring further workup. 99mTc-MIBI single-photon emission computed tomog-
raphy (SPECT) remains a valuable tool in identifying parathyroid adenomas. In a
recent meta-analysis, SPECT was found to have a pooled sensitivity of 78.9% (CI:
64-90.6%) and PPV of 90.7% [6]. Recently, four-dimensional (4D) CT, a dynamic
contrast-enhanced CT, has been used to detect parathyroid adenomas [7-11].
Parathyroid adenomas are identified by their early contrast enhancement with
washout on the delayed phase. 4D-CT has also been shown to be effective in mul-
tiglandular disease [11]. For this reason, many radiologists have adopted 4D-CT as
the first- or second-line study for pHPT [12]. With advances such as this in nonin-
vasive imaging technique, SVS has taken on a reduced role for localizing the ade-
noma [13].

Despite the advances in noninvasive imaging, SVS continues to have an essential
role in evaluating postoperative patients with persistent or recurrent HPT [5, 14—
24]. For these patients, 99mTc-MIBI scans have limited utility due to low sensitivi-
ties, reported to be as low as 50% [25, 26].

For those patients presenting with de novo hyperparathyroidism, there are stud-
ies supporting the use of SVS in localizing the adenoma. The noninvasive imaging
studies mentioned above provide good detectability; however, there remain patients
with nonlocalizing or discordant results. In a systematic review, studies of 9mTc-
MIBI showed a wide range of sensitivities with values as low as 39% to over 90%
[27], whereas SVS has generally been shown to have high sensitivity with values
reported at 94.7% and 87% [28-30]. Therefore, at present, SVS is indicated for
patients with recurrent or persistent HPT after resection as well as for patients with
negative or discordant results on noninvasive imaging studies.

Techniques

Anatomy

The venous drainage of the parathyroid glands is via the thyroid plexus and then
centrally via the inferior thyroid veins [3]. The thyroid plexus forms under the cap-
sule on the anterior surface of the thyroid gland [31, 32]. The thyroid plexus gives
rise to three pairs of thyroid veins: superior, middle, and inferior veins. Knowledge
of three thyroid veins is imperative for conducting successful SVS procedures.
The anatomy of the superior thyroid veins is similar bilaterally based on studies
using either cadavers or multi-detector row helical CT (MDCT) [33, 34]. In most
people, there is a single superior thyroid vein bilaterally (83.3%), while a minority
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of people have duplicated superior thyroid veins (16.7%) [34]. The superior thyroid
veins typically drain the upper pole of the thyroid gland and drain directly into the
IV (97.2%), either as a single vein or after joining other veins, most commonly the
lingual vein.

The middle thyroid veins run parallel to the inferior thyroid arteries and drain the
mid-thyroid gland into the ipsilateral IJV. This vein was identified in 43.3% of peo-
ple in a cadaver study [34] and was identified in 36% of people on the left side and
49% on the right side by MDCT [33]. Similarly, a surgical study also showed the
middle thyroid vein in only 36.7% of people on the left side and in 40.7% on the
right [35].

The inferior thyroid veins are typically the largest of the thyroid veins, coursing
from the lower thyroid gland in 34.1% and the upper and medial thyroid gland in
58.7%. The inferior thyroid vein is consistently present though variable in number,
ranging from one (common trunk) to five [33, 34, 36]. The left inferior thyroid veins
and common trunk drain into the left BCV (Fig. 7.1a, b). The right inferior thyroid
vein less commonly flows into the right BCV. The supernumerary vein often accom-
panies the inferior thyroid veins or common trunks on either side [33] (Fig. 7.2a—d).
The previously mentioned study using MDCT showed the distance between the
junction of both BCVs and orifice of inferior thyroid veins ranged from 0.63 to

Fig. 7.1 Illustration of venous anatomy. thym thymic vein, vv vertebral vein, im intermammary
vein, Azy azygos vein. (a) The pattern with two inferior thyroid veins. (b) The pattern with the
common trunk of the inferior thyroid vein. The asterisks represent the sampling points in the small
neck veins, while the black dots represent the sampling points in the large central neck veins. The
site of black dots needs to be adjusted to aim at detecting the step-up of iPTH value draining from
the certain small neck vein
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Fig. 7.2 A 40-year-old male with primary hyperparathyroidism. (a—d) Coronal CT images. The
common trunk of the inferior thyroid veins is noted (arrows). The right inferior thyroid vein is also
noted (arrowheads). The two nodules are identified near the lower pole of both thyroid glands (aster-
isks). An ultrasound image shows the two nodules adjacent to the lower pole of the thyroid gland
(not shown). () 99mTc-MIBI scintigraphy. A scintigraphic image shows an uptake in the lower
right lobe of the thyroid gland (arrow). There is no uptake in the nodule on the left side. (f) Retrograde
venography. Venograms from the right inferior thyroid vein (left image) and the left inferior thyroid
vein (right image). Both thyroid veins are similar to those on the coronal CT images (a—d)
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2.94 cm (mean 1.65 cm) for the right vein, from 0.5 to 6.19 cm (mean 3.01 cm) for
the left vein, and from 0.5 to 4.4 cm (mean 2.04 cm) for the common trunk [33].

The anatomy and anastomotic connections of the venous drainage in the medias-
tinum are variable. Mediastinal glands drain into the thymic veins. The left thymic
vein drains into the anteroinferior aspect of the left BCV in the midline, while the
right thymic vein drains directly into the superior vena cava and cannot be catheter-
ized [32]. However, these mediastinal glands occasionally will drain into the inter-
nal mammary vein or the common trunk of the inferior thyroid vein [37]. This
pattern leads to the elevation of iPTH in the inferior thyroid vein even with medias-
tinal adenoma, making it impossible to discriminate the mediastinal adenoma from
an adenoma in the neck by venous sampling alone [37] (Fig. 7.3).

In the postsurgical neck, venous anatomy is altered. In patients who have under-
gone surgical exploration, the middle and, often, the inferior thyroid veins generally
are ligated. Therefore, the venous drainage from the thyroid bed may be via the
vertebral veins [32].

Approaches

Three SVS techniques have been reported: a conventional SVS (cSVS) with sam-
ples obtained only from the large central neck veins (jugular, subclavian, and
innominate veins) [14, 23, 38], super-selective venous sampling (sSVS) with sam-
pling of smaller neck veins (superior, middle, and inferior thyroid veins and thymic
veins) [15, 17, 21, 22, 24], and direct percutaneous bilateral IJV sampling (BIJVS)
[39, 40].

Fig. 7.3 Anastomoses between the left inferior thyroid and thymic veins. Partial maximum inten-
sity projections of coronally reformatted CT images. (a) At the middle of the left thyroid vein
(arrows), a small vein (arrowhead) joins. (b) The opposite end of the small vein continues to the
thymic vein, which drains into the left brachiocephalic vein
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Figure 7.1 illustrates the sampling points in the large central neck veins and
small neck veins (Fig. 7.1a, b). More precise localization can be achieved with
sSVS but cSVS can capture the drainage from the unsuccessful or unknown missed
veins. The sampling points in the large central neck veins are modified based on the
venous anatomy to detect elevated hormones from suspected small draining veins.
While the thyroid veins are imperative for sSVS, the thymic vein is also important.
This fact justifies the extensive efforts at catheterizing this small vein, even though
it may be difficult [32]. Knowledge of the venous anatomy is essential before SVS
to determine the proper sampling points in the IJV and BCV where the thyroid veins
join and show the step-up values of iPTH. This information helps identify the thy-
roid vein for further interrogation using super-selective catheterization. The middle
thyroid vein is not constantly present. Therefore, one can avoid an attempt to cath-
eterize the middle thyroid vein if the anatomy is reviewed on available imaging
studies before the procedure. Also, one study employed a quickPTH assay and
added sSVS to the small veins in the relevant area with an increase in PTH to save
time [20].

Given the anatomic variability, pre-procedure MDCT can help identify the loca-
tion of the thyroid veins as well as suggest possible locations of the abnormal para-
thyroid gland. At present, vascular mapping by MDCT is routinely recommended
before performing an SVS procedure. Both axial and coronal CT images help locate
the thyroid veins and map the confluence with the IIV or BCV (Fig. 7.2). Sagittal
images can also help identify the venous confluence level relative to the nearby
vertebral bodies [41], thus providing a guide when probing the 1JV, since the level
of connection between the IJV and thyroid vein can be variable. On the other hand,
MDCT is insufficient to define the anatomy of the thyroid venous plexus and typi-
cally requires retrograde thyroidal venography. The appearance of the thyroid
venous plexus is variable, affected by different connections and flow patterns of the
thyroid veins (Fig. 7.4). This flow pattern can be helpful, though, since potentially
significant thyroid veins may be opacified through this plexus.

Technical Considerations

The approach of SVS is usually via the right femoral vein. Conventional 4-Fr. cath-
eters such as Berenstein, Multipurpose, or Headhunter catheter (100-cm long) are
used to catheterize the BCV and IJ'V and the larger thyroid veins. Microcatheters are
typically also needed for sSVS in order to access the distal portion of thyroid veins
and sample from other smaller veins in the neck. Any microcatheter with a thin tip
allowing high flow is convenient for collecting the blood sample in sSVS.

The tip of conventional catheters tends to angle upward, which may not be con-
ducive to selecting the superior and middle thyroid veins. Superior thyroid veins
sometimes require a catheter with a downward angle. The left middle thyroid vein
arising from the lower part of the left IJV often requires a catheter with a more
winding shape. Various other catheter configurations, like Hilal Spinal 2 or Cobra,
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Fig. 7.4 Thyroid venous plexus on retrograde venography. (a, b) Retrograde venograms obtained
from the left superior thyroid and right lower thyroid veins, respectively. The opacification of the
thyroid plexus is different between (a) and (b), affected by the venous flow in the plexus.
Contralateral flow is demonstrated to the thyroid veins on the right side. (¢, d) Retrograde veno-
grams from the right superior thyroid and right inferior thyroid veins, respectively. The opacifica-
tion of the thyroid plexus is quite different between ¢ and d, affected by the venous flow in the
plexus. Contralateral flow is demonstrated to the thyroid veins on the left side

that have a large curve and downward tip can be helpful in accessing the superior
and middle thyroid veins. We sometimes modify the curve or angle of the frequently
used catheters by heating; however, this adjustment of the shape can make with-
drawing the blood in the central neck veins difficult due to the catheter’s wedging to
the venous wall. If the catheter’s angle or curve does not fit the veins despite these
modifications, performing the venous sampling through a microcatheter should be
considered.
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Fig. 7.5 A 72-year-old
male with primary
hyperparathyroidism. The
middle and right images
are the venograms obtained
from the right superior
thyroid vein. The
microcatheter was
advanced through the right
superior thyroid vein to the
tortuous point (middle).
Four blood samples were
collected in the right
superior thyroid vein.
Below the tortuosity,
another sample was
collected from the right
inferior thyroid vein (left
image). A steep gradient of
iPTH was detected along
the right inferior thyroid
veins (453 vs. 1670)

The blood samples from the distal portion of the thyroid vein may be added when
it is possible, improving the ability to precisely localize the offending adenoma. The
steep gradient of iPTH in the same thyroid vein is occasionally observed (Figs. 7.5
and 7.6) [41]. In addition, the contralateral thyroid vein can be sampled by advanc-
ing a microcatheter through the venous plexus across the midline (Figs. 7.5 and
7.6), which can obviate the need to selectively catheterize the contralateral side.
However, we occasionally encounter a situation in that the microguidewire advances
but the microcatheter will not follow. In this case, the rotation of microcatheter
rather than pushing may enable it to proceed.

Interpretation

A 1.5-2-fold increase in iPTH level compared to baseline (periphery, IVC or SVC)
is considered an abnormal elevation. 1.4- or 1.5-fold was employed for cSVS [5, 18,
21, 38]; however, most studies that included sSVS have adopted a twofold gradient
of iPTH to baseline as significant [15, 17, 19, 22-24, 28, 30].

SVS does not identify the culprit gland itself; rather, it allows “regionalization”
by defining a territory drained by a specific vein or veins from the abnormal gland
[32]. There has been no established way to determine the responsible gland in the
previous reports. Some reports divided the thyroid gland into regions, such as right
(upper and lower) side, left (upper and lower) side, bilateral or thymic-mediastinum,
and report the area in which the positive gradient is recognized [5, 15, 17, 18, 30].
Others conducting sSVS regard the area containing the gland with the highest
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Fig. 7.6 A 77-year-old male with primary hyperparathyroidism. (a) Venogram from the proximal
region of the left superior and middle thyroid veins. The flow from the middle thyroid vein to the
common trunk of the inferior thyroid vein is demonstrated. (b, ¢) The microcatheter was proceeded
to the common trunk and the part of the superior thyroid vein. Blood samples were obtained along
the vein from the common trunk the superior thyroid vein and the middle thyroid vein. (d) The
right thyroid vein could not be catheterized from the left side. Therefore, it was selected from the
common trunk

gradient as the abnormal lesion [16, 20, 24]. This would be effective method if mul-
tiple samples are obtained along the small neck veins (Figs. 7.2, 7.5, and 7.6). One
study performing cSVS just determined laterality of the lesion [38], which is the
least useful result.

Attention should be paid to the flow direction of the thyroid venous plexus and
thyroid veins when the gradient map is analyzed. Occasionally, the primary route of
venous drainage during venography will be to the contralateral side [22]. In this
situation, the solitary parathyroid adenoma result in bilateral gradients. This
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cross-flow occurs through the thyroid plexus, as well as through the vertebral venous
plexus posteriorly and the jugular veins anteriorly [4]. The venous flow toward the
opposite side could cause the false-positive gradient of thyroid and/or large central
neck veins.

Another challenge is the occasional draining of thymic veins into the internal
mammary vein or the common trunk of the inferior thyroid vein [37]. This leads to
the elevation of iPTH in the inferior thyroid vein even with mediastinal adenoma,
making it impossible to discriminate the mediastinal adenoma from the neck ade-
noma by venous sampling [37].

Complications

SVS is a minimally invasive procedure, and the risk of complication is quite low.
Possible complications include contrast reactions and post-contrast acute kidney
injury. One should monitor the amount of contrast used during sSVS, since the chal-
lenging nature of the procedure can easily result in one using large volumes of
contrast. It is no surprise that the amount of contrast needed for sSVS is greater than
with ¢cSVS. Morris et al. reported using 204 mL of contrast in sSVS procedures,
compared to 63 mL for non-super-selective sampling [21]. Other potential compli-
cations include groin hematoma, pain, deep vein thrombosis, infection, and cardiac
arrythmia.

There are a few procedure-specific complications that can occur. A catheter or
guidewire-induced venous injury is one of them. It is rare to see contrast extravasa-
tion with retrograde contrast venography. When it does occur, it is usually caused by
either a catheter position wedged against the wall of the vein or an overly enthusi-
astic injection of contrast. This complication can often be avoided or minimized
with careful attention to technique and gentle contrast injections when in the smaller
neck veins.

An area of concern, which is not exactly a complication, is radiation exposure.
These can be technically challenging procedures and the protracted effort to cathe-
terize these smaller neck veins can result in high radiation exposures. Thus, it is
important to practice safe radiation techniques, such as minimizing fluoroscopic
frame rates and proper shielding.

Outcomes

A meta-analysis of 12 studies showed the sensitivity of SVS to be 74% (range
32-100%) and the specificity to be 41% (range 0—100%) [42]. SVS could be con-
sidered a reliable test for determining disease location; however, as indicted by the
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Table 7.1 Previous studies on selective venous sampling for hyperparathyroidism

Author Year | Cases Sensitivity (%) | Technique
Jones [15] 2002 |64 75 sSVS
Udelsman [16] 2003 |13 88.8 sSVS
Estella [17] 2003 |7 83 sSVS
Seehofer [18] 2004 |21 90 cSVS
Optional sSVS

Liew [43] 2004 |9 78 N/A
Chaffanjon [28] 2004 |23 94.7 sSVS
Eloy [29] 2006 |8 87.5 N/A
Reidel [19] 2006 |51 83.3 sSVS
Witteveen [5] 2010 | 18 (20; procedure) |75 cSVS
Gimm [20] 2012 |5 80 sSVS with quickPTH assay
Morris [21] 2012 |19 80 sSVS with arteriography
Lebastchi [22] 2015 |31 89 sSVS with rapid PTH assay
Sun [23] 2016 |18 93 sSVS
Habibollahi [24] 2018 |32 96 sSVS

28 Simulated cSVS
Lee [38] 2020 |59 61.8 cSVS

cSVS conventional selective venous sampling, sSVS super-selective venous sampling, N/A no
available

low specificity value, it also has a high rate of false positives [42]. Table 7.1 sum-
marizes the studies included in the meta-analysis showing their results and tech-
niques (Table 7.1).

Moreover, the results of SVS differed depending on the techniques employed.
sSVS showed higher pooled sensitivity (§89%) than cSVS (44%) or BISVS (69%).
Habibollahi et al. published a study in which the simulated cSVS showed a posi-
tive gradient in only 28% of patients, but that number increased to 96% when using
the sSVS technique [24]. This is a much different result than a study published by
Morris et al. In their study, non-super-selective sampling resulted in a positive
gradient in 95% of patients. However, sSVS still provided superior correlation
with operative finding and guidance for the surgery [21]. When compared with
noninvasive imaging studies, the pooled sensitivity (89%) of sSVS is higher than
that of 99mTc-MIBI (71%) and comparable with US (87%) and MRI (89%) [42].
However, the actual sensitivity of localizing studies varied among each report, and
it is difficult to say which modality is superior. Rather, the important thing is that
sSVS can yield positive results in discordant and non-detectable results on nonin-
vasive imaging studies. Ikuno et al. studied 14 patients with pHPT. In this group,
there were four patients with discordant results on noninvasive imaging and one
patient in which the noninvasive tests were negative. For these patients, sSSVS was
able to localize the adenoma to the correct quadrant of thyroid at parathyroidec-
tomy [30].
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Conclusion

Selective venous sampling is an effective technique to localize parathyroid adeno-
mas in patients with primary hyperparathyroidism. This procedure can be challeng-
ing due to the variability in the venous anatomy encountered when performing the
procedure and the small veins that must be catheterized if performing super-selective
venous sampling. Understanding this variable anatomy, along with pre-procedure
mapping with MDCT, will save time and increase the likelihood of locating the
adenoma. Thorough mapping becomes even more critical in patients with ectopic
parathyroid glands or a history of prior surgical resections. However, once the anat-
omy is well-defined, the procedure can be straightforward and poses minimal risk
of complications.
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Chapter 8
Ovarian Venous Sampling
for Hyperandrogenism

Clayton W. Commander

Introduction

Hyperandrogenism is the most common endocrine disorder in females [I].
Polycystic ovarian syndrome (PCOS) is by far the most common etiology occurring
in 2-20% of all women ages 18—44 [2]. Androgen-secreting ovarian tumors account
for a minuscule percentage of overall cases of hyperandrogenism. Among all ovar-
ian tumors, virilizing Sertoli-Leydig cell tumors account for less than 0.5% of all
cases [3], with Leydig cell tumors accounting for <0.1% of all ovarian tumors [4].

Ovarian venous sampling is a minimally invasive technique used to localize and
confirm the presence of unilateral androgen-secreting ovarian tumors. When com-
bined with adrenal vein sampling, it is possible to detect both androgen-secreting
ovarian and adrenal masses.

Diagnosis of Hyperandrogenism

Clinical signs of hyperandrogenism include secondary amenorrhea, infertility,
impaired glucose tolerance, alopecia, hirsutism, acne, deepening of the voice,
increased libido, and clitoromegaly [5].

Women with suspected hyperandrogenism should have a physical examination
and laboratory tests to confirm the diagnosis. Typical diagnostic workup includes, at
a minimum, obtaining basal peripheral serum androgen levels, including testoster-
one (T), androstenedione (A4), dehydroepiandrosterone sulfate (DHEA-S),
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cortisol, and 17-hydroxyprogesterone. These values alone are often not enough to
diagnose a hypersecretory tumor as some tumors secrete androgens at a low rate
with symptoms that can mimic nontumoral hyperandrogenism. Kaltsas et al. [6]
report that a single serum T level over 3 nmol/L (87 ng/dL) can predict tumoral
hyperandrogenism with a sensitivity of 100% but a specificity of only 53%.
Therefore, patients with elevated androgens require further workup to investigate
whether a tumor is the source of their androgen excess. This is done by interrogating
the hypothalamic-pituitary-gonadal axis (Fig. 8.1).

Such evaluation is usually performed by a 48-h low-dose dexamethasone sup-
pression test (LDDST). Under physiologic circumstances, testosterone production
provides negative feedback to the hypothalamus and pituitary gland to inhibit fur-
ther secretion of gonadotropin-releasing hormone (GnRH) from the former and
luteinizing hormone (LH) and follicle-stimulating hormone (FSH) from the latter.
In general, androgen-producing adrenal or ovarian tumors secrete hormone and do
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Fig. 8.1 The lypothalamus pituitary gonadal axis
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not have feedback from the hypothalamic-pituitary-gonadal axis (Fig. 8.1). As such,
hormones secreted from a tumoral source will not diminish with suppressed LH
secretion caused by exogenous steroids (such as dexamethasone), in the same way
that adrenocorticotropic hormone secretion is suppressed when evaluating a patient
with hypercortisolism. After the LDDST, persistently elevated peripheral serum T
levels (e.g., exceeding 80 ng/dL) are suggestive of hyperandrogenism. Furthermore,
post-LDDST T levels exceeding 4.51 nmol/L (130 ng/dL) are suggestive of a neo-
plastic source with a sensitivity of 94% and specificity of 78% [7]. Another com-
monly used diagnostic criteria for the LDDST is the failure of androgens to suppress
to normal levels or reduce by at least 40% from baseline [6]. Using these criteria,
the LDDST has a sensitivity of 100% and specificity of 88% for identifying patients
with androgen-secreting tumors [6].

Imaging Evaluation

In patients in whom an androgen-secreting tumor is felt likely, cross-sectional imag-
ing should include contrast-enhanced CT or MRI of the adrenal glands and pelvis.
The most common adrenal cause of hyperandrogenism is congenital adrenal hyper-
plasia, which results in marked bilateral adrenal enlargement and is easily detect-
able on CT and MRI. Androgen-secreting adrenal tumors are rare entities and likely
to be carcinomas rather than benign adenomas, the most common adrenal tumor
seen in hyperaldosteronism [8]. Androgen-producing adrenal tumors are cortically
based and usually larger than 2 cm in diameter, making them easily detected on CT
and MRI. The sensitivity and specificity of CT are reported to be >95% [9] and
between 89% and 100% for MRI, depending on the density of the lesion on CT [10].

While unilateral in 97% of cases [3], virilizing ovarian tumors are difficult to
localize as they are usually less than 2 cm in diameter and often lie within the ovar-
ian parenchyma [11]. This often renders CT and MRI nondiagnostic of these small
lesions. Color Doppler ultrasound, however, can offer some diagnostic utility. One
study of 38 hyperandrogenemic women, five of whom had androgen-secreting ovar-
ian tumors, found that pelvic ultrasound had a sensitivity of 80% and specificity of
93% by detecting the mass or marked asymmetry in ovarian size [12]. However,
despite advances in imaging technology, small lesions may remain occult on cross-
sectional imaging and even diagnostic laparoscopy [13, 14].

Indications

Most agree that ovarian vein sampling should not be routinely performed for women
with hyperandrogenism. Rather, the procedure should be reserved for patients in
whom both laboratory and imaging evaluations fail to identify the source of andro-
gen excess as small ovarian tumors cannot be excluded based on laboratory and
imaging tests alone [12]. If pursued, concomitant adrenal vein sampling should also
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be performed. The details (and associated challenges) of adrenal vein sampling are
discussed in a separate chapter.

Contraindications

As selective venous sampling is safe and minimally invasive, there are few contra-
indications. Patients with known ovarian vein thrombus should not undergo
attempted venous sampling. However, given that the procedure is elective, it should
be avoided in patients with uncorrectable coagulopathy. Patients with allergies to
iodinated contrast media should also be identified, and alternative contrast agents
(e.g., CO2, gadolinium) should be used.

Technique

Anatomy

Two gonadal (ovarian) veins originate from a venous (pampiniform) plexus within
the broad ligament of the uterus and ascend with the ovarian arteries on the left and
right sides of the pelvis along the anterior surface of the psoas muscles, converging
to a single vein on both sides before terminating [15]. The right ovarian vein, arising
from the right pampiniform plexus, lies lateral to the right ureter. It parallels the
right ureter as it ascends into the abdomen crossing the ureter anteromedially,
approximately halfway between its confluence with the inferior vena cava (IVC)
and the IVC bifurcation. The right ovarian vein drains directly into the anterior IVC,
forming an acute angle just caudal to the right renal vein [16]. The left ovarian vein
drains into the left renal vein at a 90-degree angle before the left renal vein crosses
the aorta [15]. Normal ovarian vein anatomy is depicted in Fig. 8.2.

There are few published studies examining variant gonadal vein anatomy in
women, with most studies investigating variants in men (see references [17, 18] for
examples). That said, Lechter et al. [18] did submit that this was not by design. They
claim that the 100 cadavers dissected were obtained from a medical institute that
predominantly receives bodies of individuals who suffered violent deaths, a cohort
that is heavily skewed toward males.

In a study of 60 cadavers (40 men, 20 women), Ghosh et al. [19] found variations
in testicular vein anatomy in 45% of cases but no variant ovarian venous anatomy.
Another cadaveric study also demonstrated rare variant ovarian venous anatomy,
occurring in less than 0.5% of cases [19]. Reported variants include the right ovar-
ian vein emptying into the right renal vein and the left ovarian vein draining directly
into the inferior vena cava. The ovarian veins may also be duplicated or partially
duplicated [20]. In the cases of duplicated IVC, the left ovarian vein will drain into
the left IVC.
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Fig. 8.2 Normal anatomy of the juxtarenal inferior vena cava (IVC). The single left ovarian vein
arises orthogonally from the left renal vein. The right ovarian vein arises acutely from the IVC just
inferior to the right renal vein

Identification of the ovarian veins on CT and MRI is important for identifying
the ovaries, localizing adnexal masses, and looking for thrombus in patients with
pulmonary embolism without a clear thrombotic source [21]. When attempting to
identify the ovarian veins on contrast-enhanced CT, they are best visualized at the
level of the origin of the inferior mesenteric artery [22]. The veins are both sur-
rounded by retroperitoneal fat at this level and can be identified in 98% of cases.
Normal ovarian vein diameter on CT and MRI is 3—4 mm [23, 24]. These measure-
ments have also been corroborated in a recent cadaveric study [19].

Procedure Technique

Both jugular and femoral access can be utilized for ovarian vein sampling; however,
since concomitant adrenal vein sampling is performed, a femoral approach is more
commonly utilized. Access is obtained using a 21-gauge needle under direct ultra-
sound guidance and using the Seldinger technique, after which either a 5- or
6-French sheath is placed.

A forward-looking catheter, such as a Cobra, is used to access the left ovarian
vein (Fig. 8.3a). The catheter is advanced into the left renal vein and then retracted
until the tip engages the ostium of the ovarian vein (Fig. 8.3b). The right ovarian
vein can be cannulated using a reverse-curve catheter (e.g., Simmons-1, Simmons-2,
Sos-1, Michaelson) or a Cobra-style catheter (Fig. 8.4a). Gentle injection of dilute
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Fig. 8.3 Left ovarian vein sampling. (a) The left renal vein is catheterized and a digital subtraction
venogram performed. Note the dilution of contrast secondary to inflow from the ovarian vein
(arrow). (b) The catheter has been advanced into the proximal ovarian vein, and venography per-
formed confirming position. (¢) A microcatheter has been advanced into the ovarian vein, and
repeat venography confirms appropriate position for sampling. (d) Sampling is performed with the
microcatheter in the distal ovarian vein
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Fig. 8.4 Right ovarian vein sampling. (a) The right ovarian vein is catheterized and venography
performed to confirm. (b) A microcatheter is advanced into the distal ovarian vein. Venography
confirms appropriate positioning for sampling

LT ADRENAL VEIN
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Fig. 8.5 Representative images from adrenal vein sampling

contrast is performed to confirm location within the desired vessel. If a spasm is
encountered, injection of nitroglycerin in 100 pg aliquots can be helpful. Samples
are usually aspirated from the ostia of the veins, though a microcatheter can be
advanced deeper into the vessel if desired (Figs. 8.3c, d, and 8.4b). There are no data
to suggest that technical success rates are improved when a microcatheter is used.
Representative venography of adrenal vein sampling is shown in Fig. 8.5, though
the specifics of this challenging procedure are discussed in Chap. 6.
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In addition to the adrenal and ovarian venous effluents, peripheral blood samples
taken from the sheath are also sent for analysis. Some authors also take samples
from the right renal vein and the proximal and distal left renal vein [12]. To confirm
proper cannulation of the adrenal and ovarian veins, samples are sent for cortisol
and estradiol (E2), respectively. Samples from each vein are also sent for T,
DHEA-S, and A4.

Challenges

Like other selective venous sampling procedures, ovarian vein sampling is techni-
cally challenging. To complete a full diagnostic evaluation, successful sampling of
the bilateral ovarian veins as well as the bilateral adrenal veins is required [16].
Technical success rates vary with cannulation and sampling of all four vessels, rang-
ing from 27% to 45% in two reported series [1, 12]. In [12], the authors report suc-
cessful cannulation rates of 42% for the right ovarian vein and 73% for the left
ovarian vein. The success rates of catheterization of the adrenal veins were similar,
with reported values of 50% on the right and 87% on the left. Interpretation of the
results of the combined adrenal and ovarian vein sampling is also challenging as
there are no validated guidelines for localizing androgen-secreting tumors, as
described below.

Results Interpretation

Consistent and reliable interpretation of the results of ovarian venous sampling
remains a challenging task and a major barrier to a more widespread implementa-
tion of the procedure in the diagnostic workup of suspected neoplastic hyperan-
drogenism. Presently, there is no consensus or guideline from any professional
society specifying diagnostic criteria for localizing unilateral androgen-producing
ovarian tumors. One reason for this is that reported values distinguishing this pathol-
ogy from nonneoplastic hyperandrogenism have a large variance.

In a small case series, Moltz et al. report on seven patients with androgen-
secreting ovarian masses [11]. They found that peripheral T levels were greater than
5.2 nmol/L (150 ng/dL) for all patients with a unilateral ovarian vein-to-peripheral
T gradient of greater than 9.4 nmol/L (270 ng/dL) for six of the seven cases. For the
seventh patient, sampling ruled out an adrenal tumor, but suboptimal ovarian vein
sampling prevented lateralization. All tumors in this series ranged from 0.6 to
2.2 cm in diameter.

Surrey et al. presented a series of ten patients with androgen-secreting neoplasms
who underwent selective venous sampling [25]. Of these, nine patients had ovarian
tumors, and one patient had an adrenal tumor. In this series, only 50% of patients
had peripheral T > 6.9 nmol/L (200 ng/dL). Instead, more credence was given to
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abnormal ovarian venous effluent-to-peripheral androgen gradients to predict the
presence of a neoplasm. Based on their results, the authors suggest an ovarian-to-
peripheral T gradient of greater than 9.5 nmol/L (274 ng/dL) for detecting a unilat-
eral hormone source. However, this threshold was unable to be validated in further
studies, as detailed below.

Moltz et al. [26] also reported the results of 60 women with hyperandrogenism
and no clear evidence of a hypersecretory tumor who underwent selective ovarian
and adrenal vein sampling. Excess androgen secretion was assumed when at least
one of the ovarian (adrenal)-to-peripheral vein gradients exceed the upper 95% con-
fidence limit of normal based on an earlier study from the same group [27]. The
most common finding was combined ovarian and adrenal hypersecretion (42%),
with purely ovarian causes (27%) and purely adrenal causes (12%) being less likely.
Normal glandular steroid production was found in 20% of patients. In this cohort,
an ovarian-to-peripheral vein gradient of 9.5 nmol/L (274 ng/dL) was found in four
out of ten women with histologically proven hyperthecosis. Similarly, Kaltas et al.
[12] demonstrated an ovarian-to-peripheral vein gradient of >9.5 nmol/L (274 ng/
dL) in five out of eight patients with the histologically proven polycystic ovarian
syndrome.

In [7], Levens et al. report on four cases of selective venous sampling performed
on hyperandrogenemic women performed at the United States National Institutes of
Health. Additionally, they analyzed laboratory values from 132 published cases and
established sensitive and specific values for lateralizing androgen-producing tumors.
In this series, basal peripheral T > 4.51 nmol/L (130 ng/dL) discriminated ovarian
tumors from other pathology with a sensitivity of 93.8% and specificity of 77.8%.
For all 18 women with right ovarian tumors, a peripheral T > 4.51 nmol/L (130 ng/
dL) and a right-to-left ovarian vein T ratio > 1.44 correctly lateralized all lesions.
Using this cutoff, two women with bilateral tumors were misclassified. When apply-
ing the converse, i.e., using a right-to-left ovarian vein effluent ratio of <1.44, 12 of
14 women with left-sided or bilateral tumors were correctly classified. For women
with strictly left ovarian tumors, a left-to-right ovarian vein effluent ratio of >15
correctly lateralized three of seven cases. The left and right ovarian vein T levels
were similar in the remaining four cases of left ovarian tumors.

From these data, using a peripheral T > 4.51 nmol/L (130 ng/dL), a right-to-left
ovarian vein effluent ratio greater than 1.44, and a left-to-right ovarian vein effluent
ratio greater than 15, 66% of all cases could be correctly lateralized. It is important
to remember that when using these cutoffs, patients with left-sided tumors, PCOS,
and hyperthecosis may be misdiagnosed [7].

Complications

Complications of ovarian vein sampling are rare. Access site hematoma and throm-
bosis should be monitored. Given that adrenal vein sampling is also performed, the
risk of injury to the adrenal glands, while rare, should also be considered.
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Conclusions

Ovarian vein sampling is a minimally invasive procedure, which, when performed
on a highly selective patient population, can aid in the diagnosis and localization of
androgen-secreting ovarian tumors. It should be considered for patients in whom an
androgen-secreting tumor is suspected only if cross-sectional imaging fails to pro-
vide a diagnosis. Due to the technical difficulty of the procedure, it is recommended
that it be performed at centers with high volume to ensure successful sampling.
However, as ovarian vein sampling is a rare procedure, such centers are scarce. On
the other hand, given that adrenal vein sampling is performed at the same time as
ovarian vein sampling and is a more commonly performed procedure, it can be
argued that centers performing large volumes of adrenal vein sampling should also
be referral centers for ovarian vein sampling.
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Chapter 9
Selective Venous Sampling
for Hypercortisolism

James P. Ho and Sten Y. Solander

Introduction

Cushing’s syndrome (CS) is a disorder characterized by prolonged exposure to glu-
cocorticoids. It is associated with several comorbidities, spanning multiple organ
systems, including hypertension, glucose intolerance, obesity, cardiovascular dis-
ease, infertility, and an increased risk of infections and fractures [1]. These constel-
lations of symptoms are often not pathognomonic for any specific disease process,
making diagnosis of the disorder difficult. Furthermore, CS has been shown in
population-based studies to be associated with a significant increased risk of mor-
bidity and mortality [2]. A retrospective cohort study by Clayton et al. demonstrated
that despite treatment, patients with CS are at an increased risk of overall mortality
for at least 10 years relative to the normal population, with the main driver of this
risk being from cardiovascular disease [3]. This underscores the importance of
prompt diagnosis and treatment in these patients.

Cushing’s syndrome can be broadly divided into exogenous and endogenous
hypercortisolism. Exogenous hypercortisolism is typically secondary to iatrogenic
administration of corticosteroids, while endogenous hypercortisolism can be further
separated into ACTH-dependent and ACTH-independent disease. Cushing’s disease
(CD) is the most common cause of ACTH-dependent CS, being five to six times
more common than ectopic ACTH syndrome (EAS). Nevertheless, it is still rare in
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the United States, with an incidence of approximately 6—7 per million persons per
year [4, 5]. CD results in excess ACTH production typically from ACTH-secreting
pituitary tumors, whereas EAS is secondary to ACTH-secreting ectopic (i.e., non-
pituitary) tumors. The treatment of choice for CD is surgical resection of the pitu-
itary tumor [6]. Therefore, the ability to distinguish Cushing’s disease from ectopic
causes of ACTH-dependent CS is vital and can spare the patient a potentially unnec-
essary and invasive neurosurgical procedure.

Laboratory tests and noninvasive cross-sectional imaging have been used to
attempt to distinguish between CD and EAS. Assays such as the high-dose dexa-
methasone suppression test and the corticotropin-releasing hormone (CRH) test
are based on differences in biochemical profiles between ACTH-secreting pitu-
itary and ectopic tumors. Overlap in biochemical nature of these tumors leads to
reduced sensitivity and specificity of these tests. The high-dose dexamethasone
suppression test uses high doses of dexamethasone to suppress pituitary ACTH
secretion without suppressing ectopic ACTH secretion; however, it has only
approximately a 78—81% sensitivity and a 67-81% specificity [7, 8]. The cortico-
tropin-releasing hormone (CRH) stimulation test involves the administration of
CRH to induce ACTH production in pituitary tumors. However, many ectopic
ACTH-secreting tumors also respond to CRH, limiting the diagnostic utility of
this test [9, 10]. Cross-sectional imaging with contrast-enhanced MRI can allow
for imaging of a pituitary tumor; however, some microadenomas may be below
the level of resolution of imaging, leading to false-negative exams [11, 12]. Even
if a pituitary tumor is identified on imaging, 10-20% are nonfunctioning tumors
that do not result in excess ACTH production [13, 14]. Previous studies have
demonstrated that pituitary tumor size >6 mm on contrast-enhanced MRI has a
96% specificity for the diagnosis of CD compared to EAS [15, 16]. Therefore,
clinical practice guidelines consider pituitary tumors >6 mm in patients with
ACTH-dependent hypercortisolism to be diagnostic of CD [6]. In cases where
pituitary tumors are <6 mm or not detected at all, further diagnostic testing is
required.

Inferior petrosal sinus sampling (IPSS) has emerged as the “gold standard” for
differentiating between CD and EAS due to its high sensitivity (88—100%) and
specificity (67-100%) [17]. IPSS involves selective catheterization and measure-
ment of ACTH levels in the inferior petrosal sinus. Initially performed via individ-
ual sampling of each inferior petrosal sinus, the procedure has evolved into a highly
coordinated process involving simultaneous sampling of the bilateral inferior petro-
sal sinuses and peripheral blood [18]. Over time, it was discovered that direct stimu-
lation of the potential tumor through administration of CRH further increased the
diagnostic yield of the procedure [19, 20]. In centers where CRH is unavailable,
vasopressin is sometimes used instead [21]. Resultant ACTH levels from each infe-
rior petrosal sinus and from peripheral blood are reported as a whole and as an
inferior petrosal sinus to peripheral blood ratio (ISP:P). Given the low incidence of
Cushing’s disease, this procedure is not commonly performed at most hospitals.
Regardless, it has tremendous diagnostic utility in a disorder that is associated with
significant morbidity and mortality, making it a valuable tool in any neuro-
interventionalist’s armamentarium.
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Indications

Inferior petrosal sinus sampling is indicated in patients with ACTH-dependent
hypercortisolism, to differentiate between Cushing’s disease and ectopic ACTH
syndrome. It is not indicated when the diagnosis of Cushing’s disease has been
made, such as in cases when contrast-enhanced MRI has demonstrated a pituitary
tumor >6 mm. It is important that the diagnosis of ACTH-dependent hypercorti-
solism be made prior to the procedure as IPSS is unable to reliably differentiate
between other causes of hypercortisolism. In fact, pseudo-Cushing’s, a variety of
conditions including pregnancy, morbid obesity, and chronic alcoholism, can some-
times result in elevated ACTH and cortisol levels, skewing the results of the proce-
dure. Yanovski et al. reported significant crossover in ACTH IPS:P ratios between
patients with CD and pseudo-Cushing’s, raising the concern for false-positive find-
ings in patients without CD that could potentially lead to unwarranted surgeries
[22]. Therefore, it is important to ensure that a diagnosis of ACTH-dependent
hypercortisolism has been made prior to proceeding with IPSS.

Contraindications

There are relatively few contraindications to this procedure. Relative contraindica-
tions include underlying renal insufficiency, history of severe contrast allergy, or
uncorrectable coagulopathy.

Technique

Anatomy

The pituitary gland is an endocrine structure that is located within the sella turcica
and is divided into the anterior and posterior lobes. The anterior lobe is responsible
for the secretion of trophic hormones, including ACTH, which drain into a venous
plexus on the surface of the pituitary gland. This plexus ultimately empties into the
cavernous sinus, which in turn drains into the superior petrosal sinus and the inferior
petrosal sinus. The inferior petrosal sinus courses posteriorly and inferiorly and
empties into the internal jugular vein, usually at the level of the skull base.

Anatomical Variations

Anatomical variants are common with venous anatomy and may alter the diagnostic
yield or technical feasibility of inferior petrosal sinus sampling. In most cases, the
inferior petrosal sinus drains directly into the internal jugular vein. However, in
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some cases, condylar emissary veins may drain into the inferior petrosal sinus just
before it empties into the internal jugular vein. It is important to recognize this to
ensure adequate positioning of the microcatheter to minimize dilution of the sam-
ple. Rarely, the inferior petrosal sinus may be hypoplastic, or it may drain into the
internal jugular vein via a network of veins, making catheterization of the sinus
difficult. Even less common, the inferior petrosal sinus may not drain into the inter-
nal jugular vein at all and instead empty into a vertebral venous plexus. In these
instances, the inferior petrosal sinus may not be amenable to safe catheterization.

Pathophysiology

The hypothalamic-pituitary-adrenal (HPA) axis is a complex neuroendocrine sys-
tem that regulates many of the body’s processes and reactions to stress. The hypo-
thalamus secretes corticotropin-releasing hormone, which stimulates the anterior
lobe of the pituitary gland to produce ACTH. ACTH in turn stimulates adrenal
secretion of cortisol. Typically, through a negative feedback loop, cortisol can
inhibit the hypothalamus and the pituitary gland from producing CRH and ACTH,
respectively. However, patients with a pituitary adenoma are not affected by this
negative feedback loop and will continue to produce ACTH despite an excess of
cortisol. Administration of CRH can further potentiate the production of ACTH. IPSS
is based on this basic understanding of the HPA axis. Measuring the differences in
ACTH levels in the bilateral inferior petrosal sinuses as compared to peripheral
blood allows for localization of the ACTH-secreting tumor, whether ectopic or pitu-
itary in origin.

Approach

Bilateral inferior petrosal sinus sampling is typically done under conscious or local
anesthesia to allow for monitoring of symptoms. Peripheral IV access is obtained in
the arm contralateral to the operator. A 5-French, 10-cm sheath is advanced into
both right and left femoral veins. Next, 5000 units of heparin are given as an intra-
venous bolus to reduce the risk of thrombotic complications. A 5-French guide cath-
eter (Envoy, Codman Neuro, Raynham, MA, USA) is advanced through each
femoral vein sheath into the ipsilateral internal jugular veins. To avoid confusion
during the collection process, it is important to be sure which side the catheter is in,
and we find it prudent to keep both guide catheters separate and labeled (R or L). An
0.027” microcatheter is then advanced through each guide catheter and positioned
in the proximal ipsilateral inferior petrosal sinus. Diagnostic venograms are per-
formed via injections through each microcatheter to ensure acceptable position of
the microcatheters and to evaluate for aberrant venous anatomy (Fig. 9.1). To ensure
simultaneous sampling, we have three separate individuals collecting the samples.
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Fig. 9.1 (a) Digital subtraction venography from a selective injection of the right inferior petrosal
sinus. There is contrast opacification of the cavernous sinus and contralateral inferior petrosal
sinus. The microcatheter (red arrow) is positioned in the right inferior petrosal sinus (thick black
arrow), distal to the anterior condylar vein. (b) Native view demonstrating relative positioning of
the right and left microcatheters (red arrows) and guide catheters

Each is assigned to collecting blood either from the microcatheter in the right infe-
rior petrosal sinus (R), the microcatheter in the left interior petrosal sinus (L), or the
peripheral IV (P). First, baseline blood samples are taken simultaneously 3 min
before and immediately before injection of CRH. CRH (Acthrel, Ben Venue
Laboratories, Ohio, USA) is given intravenously at a dose of 1 ug/kg. Next, simul-
taneous blood samples are obtained at 3, 5, and 10 min after administration of the
CRH. Once the sampling is complete, the catheters are removed. The femoral
sheaths are removed, and hemostasis is obtained through manual compression.
Patients are then rested in the recovery room for 2 h to observe for any delayed
complications.

Technical Considerations

e Correct microcatheter positioning is of paramount importance. The goal of IPSS
is to obtain venous samples as proximal to the pituitary gland as possible while
avoiding potential complications. The microcatheter should be positioned distal
to any condylar emissary veins seen on venography, most commonly the anterior
condylar vein, to avoid dilution of the sample. Venograms should be obtained
prior to sampling to confirm good microcatheter position, and fluoroscopy should
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be intermittently performed throughout the procedure to double-check position-
ing. Furthermore, in instances where there is difficulty catheterizing one inferior
petrosal sinus but not the contralateral side, roadmap guidance can be obtained
from injection of the contralateral inferior petrosal sinus.

* The actual process of venous sampling in IPSS is complex and involves multiple
team members. All participants must be diligent about their specific role at each
individual step. We find it useful to designate three different individuals to collect
the samples, who will then hand the samples to three different assistants to prop-
erly label and prepare for the lab. Labels specifying location (R, L, or P) and the
time of collection are prepared prior to the procedure. To reduce operator error,
the catheter in the right groin is always placed in the right inferior petrosal sinus,
and the catheter in the left groin is always placed in the left inferior petrosal
sinus. Minus 3 min and 0 min samples are obtained 3 min before and immedi-
ately before administration of CRH. Plus 3 min, plus 5 min, and plus 10 min are
obtained 3, 5, and 10 min after administration of CRH, respectively. The time
and location of each sample is recorded and entered into the electronic medical
record. All collected samples are immediately placed into prechilled tubes con-
taining EDTA and kept on ice until processed by the lab.

* Between sampling, there is a risk of microcatheter occlusion due to thrombosis.
We attempt to minimize this risk by slowly flushing the microcatheters by hand
with heparinized saline in between sampling times. Immediately prior to each
sampling time, we then aspirate and waste the volume of the dead space of the
microcatheter to ensure true undiluted sampling of the inferior petrosal sinus.

* CRH is typically administered at a dose of 1 ug/kg with a maximum dose of
100 ug. Desmopressin (DDAVP), at a dose of 10 ug, is sometimes used as an
alternative to CRH. DDAVP acts on the V2R receptor subtype, promoting secre-
tion of ACTH in a similar fashion as CRH. Several small studies have demon-
strated similar clinical experiences between CRH and DDAVP, with a similar
increased diagnostic yield following the administration of DDAVP [21, 23]. A
single center study by Machado et al. reported good sensitivity and specificity
(92.1% and 100%, respectively), following the administration of DDAVP for
bilateral IPSS in the differential diagnosis of ACTH-dependent Cushing’s syn-
drome [24]. In centers where CRH is unavailable, DDAVP may be considered as
an alternative.

e The results of IPSS are difficult to interpret in the absence of sustained hypercor-
tisolism. Some patients with Cushing’s disease may have cyclical secretion of
ACTH. This results in “trough” periods of decreased ACTH secretion by the
pituitary tumor and decreased ACTH secretion by normal pituitary glandular tis-
sue due to recent hypercortisolism. Cortisol levels are also decreased during
these trough periods. This may lead to an absent IPS:P ratio, a false-negative
finding in this case [25, 26]. Therefore, it is important for the neuro-
interventionalist to work with their endocrinology counterpart to ensure that the
IPSS is performed during a period of sustained hypercortisolism. Potential strat-
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egies include testing of serum cortisol on the morning of the scheduled proce-
dure or testing of midnight salivary cortisol the night prior to the procedure [27,
28]. If hypercortisolism is not detected, the procedure should be canceled and
rescheduled.

e There may be situations in which despite apparent proper positioning of the
microcatheter(s), inaccurate venous samples are obtained. These situations are
typically related to procedural or anatomical abnormalities and include intermit-
tent displacement of the catheter out of the inferior petrosal sinus, dilution of
samples from collateral venous drainage, or collecting samples from aberrant
collateral veins [26]. If this occurs, elevated ACTH levels may not be captured,
resulting in false-negative findings. We believe that the use of microcatheters
may improve the accuracy of the samples. Prolactin levels are commonly used to
confirm proper microcatheter positioning, with an IPS:P prolactin ratio of
>1.3—1.8 before and after CRH administration, indicative of venous efflux from
the pituitary gland [29, 30]. An IPS:P prolactin ratio < 1.3 would then be con-
cerning for improper microcatheter placement or positioning. Therefore, routine
sampling of prolactin levels is important, especially when results suggest an
ectopic tumor.

Interpretation of Results

Once the venous sampling has been completed, the laboratory will process the sam-
ples to report ACTH levels. The ACTH levels are then used to calculate a ratio
comparing the ACTH level from each inferior petrosal sinus to peripheral blood
(ISP:P ratio). Diagnostic criteria for the diagnosis of CD are a basal IPS:P > 2 and/
or a post-CRH stimulation IPS:P > 3 [20, 23, 31]. IPS:P ratios lower than these
thresholds suggest an ectopic source of ACTH.

A note must be made about rare situations in which only one inferior petrosal
sinus can be catheterized. Due to variable drainage patterns, pituitary adenomas
may not consistently drain into their ipsilateral inferior petrosal sinus. Previously, it
had been thought that differences in ACTH levels between the sinuses could assist
in predicting tumor lateralization. An inter-sinus ACTH gradient of >1.4 was ini-
tially proposed; however, emerging data have reported a poorer predictive value
than what was previously thought, only correcting identifying the side of the tumor
in 50-70% of cases [32-34]. This suggests that, in many cases, lateralized pituitary
microadenomas may drain into the contralateral inferior petrosal sinus. Therefore,
when only one inferior petrosal sinus can be catheterized, an absence of an ACTH
ISP:P gradient does not necessarily rule out CD. In most cases, both inferior petro-
sal sinuses will be able to be catheterized successfully; however, in the rare circum-
stance when only one sinus is catheterized, it is important to note this as the results
are interpreted.
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Complications

The most common minor complications of IPSS are groin hematomas, occurring in
less than 5% of cases [35]. Rarely, more serious complications have been reported,
such as a brainstem ischemic stroke, brainstem hemorrhage, and subarachnoid hem-
orrhage. These are thought to be due to catheterization of anomalous veins or petro-
sal sinus-to-brainstem bridging veins, leading to rupture of the veins and resultant
hemorrhage or venous obstruction and subsequent venous infarcts [17]. One of the
largest retrospective studies performed at the NIH evaluated 508 patients and found
that major neurologic complications occurred in only 0.2% of procedures [36].
Isolated case reports in the literature have also described thrombotic events, includ-
ing cavernous sinus thrombosis, deep vein thrombosis, and pulmonary embolism as
rare potential complications [37-39].

Conclusion

Inferior petrosal sinus sampling, when performed by an experienced neuro-
interventionalist, is an especially useful procedure, with a high sensitivity and spec-
ificity for the diagnosis of Cushing’s disease. It carries a low risk of serious
morbidity or mortality. As with most interventional procedures, patient selection is
key to avoid unwarranted or unnecessary surgery. During the procedure, great care
should be made to ensure appropriate microcatheter position is maintained through-
out. Additionally, a preplanned protocol for the correct handling and labeling of the
collected venous samples, including the coordination of diligent team members, is
key to prevent sampling errors. When performed correctly, IPSS is an important
diagnostic test that can be of great diagnostic benefit to patients suffering from
Cushing’s disease.
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Chapter 10
Arterial Stimulation Venous Sampling
for Pancreatic Endocrine Tumors

Charles T. Burke

Introduction

Arterial stimulation venous sampling (ASVS) is a technique to identify and locate
functional pancreatic endocrine tumors. Imamura and colleagues first described this
approach in 1987 as a means of localizing gastrinomas in patients with Zollinger-
Ellison syndrome [1]. In their paper, the researchers describe injecting secretin in
three patients in whom cross-sectional imaging had failed to identify the lesion.
Through this test, they were able to locate the functioning gastrinoma in all three
patients. Over time, this approach became a useful adjunct in the evaluation of
patients with elevated gastrin levels [2, 3].

In 1991, Doppman et al. published the first report of using ASVS to localize
insulinomas [4]. At that time, angiography alone or angiography combined with
portal venous sampling was the best option for identifying small insulinomas.
However, these methods had shortcomings: angiography alone was positive only in
50-60% of patients and required the insulinomas to be of sufficient size to be
detected. Portal vein sampling did increase the positive rate to 75-80% of patients
but at the cost of increased procedural complexity and complications [5, 6].

Doppman et al. theorized that the same technique that worked for gastrinomas
could also work for insulinomas if an effective stimulating agent was used [4]. This
agent is calcium. In 1975, Gaeke et al. reported that calcium injections could pro-
mote the release of insulin, making this an attractive stimulating agent for the ASVS
procedure [7]. Replicating Imamura’s technique, using calcium rather than secretin,
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Doppman showed that the injection of calcium into the arteries supplying specific
regions of the pancreas caused the release of high concentrations of insulin that
could be collected via the hepatic veins, enabling both the diagnosis and localiza-
tion of symptomatic insulinomas.

In the early 1990s, the diagnosis of small neuroendocrine tumors of the pan-
creas was limited by the quality of the imaging available. Since then, there have
been significant technical advancements in both the imaging equipment and proto-
cols that have led to the improvement in the detection of even small lesions using
CT and MRI [8-14]. Also, endoscopic ultrasound has become a valuable tool in
not only localizing these lesions but providing an approach for image-guided
biopsy [15-17]. Nevertheless, the arterial stimulation venous sampling procedure
continues to have a role in the evaluation of patients with symptomatic pancreatic
endocrine tumors.

Indications

Insulinomas

ASVS is typically used to identify and localize symptomatic pancreatic endocrine
tumors, most commonly insulinomas.

Consensus guidelines recommend that patients with suspected pancreatic endo-
crine tumors have cross-sectional imaging as the initial imaging study [18]. The
consensus guidelines also recommend endoscopic ultrasound for patients in whom
the initial imaging studies fail to identify the culprit lesion. However, since many
insulinomas are small and can occur anywhere within the pancreas, some lesions
may not be seen with these modalities. For these patients, in whom the biochemical
markers may suggest insulinoma, and the imaging modalities do not show a discreet
mass, ASVS can provide a reliable method for confirming the diagnosis and local-
izing the tumor.

There are also some indications for which ASVS is appropriate even when the
tumor is visible on imaging. First, in settings where multiple tumors are present,
cross-sectional imaging typically does not identify which tumors are functional.
ASVS can help differentiate those functional tumors from nonfunctional tumors
[19]. Also, in patients who have had prior attempted resection with continued symp-
toms, ASVS may help localize a previously unidentified lesion.

Also, in some cases, ASVS is used to assist in determining the surgical approach.
Lesion localization to the right or left of the SMA can be the difference between
surgical options, such as enucleation, distal pancreatectomy, or pancreatoduodenec-
tomy [20].

Finally, some authors recommend that all patients with insulinomas who are
planning to undergo resection have ASVS performed before surgery to confirm
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functionality. In a retrospective review, Morganstein et al. concluded that ASVS
altered the management of several patients [19]. By identifying lesions that were not
visible on other forms of imaging, ASVS prompted some patients to undergo sur-
gery who otherwise would not have had a surgical option. Also, by using ASVS to
localize small lesions, surgeons were able to avoid more extensive surgical
resections.

Gastrinomas

Gastrinomas are typically larger than insulinomas at the time of diagnosis, making
them more likely to be identified on imaging [21]. Also, gastrinomas commonly
have somatostatin receptors. Thus, somatostatin scintigraphy is a useful tool for
identifying and localizing these tumors. However, there remain patients with strong
clinical suspicion for gastrinoma and negative imaging evaluation who should
undergo ASVS to localize the lesion. Also, in patients with multiple lesions on
imaging, ASVS may be used to identify which mass is a functional gastrinoma and,
therefore, a candidate for resection.

Nesidioblastosis

Nesidioblastosis is a condition first described in 1938, though it wasn’t until 1981
that this condition was reported as causing hyperinsulinemic hypoglycemia in
adults [22-24]. It is characterized by islet cell hypertrophy, causing increased secre-
tion of insulin. This islet cell hypertrophy results in non-insulinoma pancreatogen-
esis hypoglycemia syndrome (NIPHS). More recently, this has been described as a
potential cause for patient symptoms following Roux-en-Y gastric bypass surgery
[25]. It is unclear why these patients develop this condition, but it may be due to
increases in beta-cell trophic factors.

Early on, ASVS was used to localize the site of islet cell proliferation to treat the
condition with partial pancreatectomy [26-28]. However, more recently, it has been
found that this condition can often be managed medically with diet and lifestyle
modifications, rendering surgery resection unnecessary [29, 30]. Thus, this indica-
tion for ASVS is now mainly of historical interest.

That is not to say, though, that there is no use for this study in this patient popula-
tion. Since insulinomas are treated surgically, and nesidioblastosis is treated conser-
vatively, it is important to differentiate the two conditions to manage patients
appropriately. There is some evidence to support the use of ASVS in this way, and
this will be discussed in more detail later in the chapter.
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Other Indications

While most of the published work focuses on the use of the ASVS for patients with
either insulinomas or gastrinomas, it has also been used in the evaluation of gluca-
gonomas [31, 32].

Contraindications

ASVS is a safe test to perform, and thus, there are few contraindications. Like all
diagnostic angiography, this test should be avoided in patients with uncorrectable
coagulopathy. Special consideration should be given to patients with a history of
anaphylactic contrast reactions. Finally, this procedure should not be performed in
patients with known arterial occlusions that will prevent the successful catheteriza-
tions of vessels needed to complete the study.

Technique

Anatomy

The pancreas has a redundant arterial supply with pancreatic branches that arise
from both the celiac axis and the superior mesenteric artery [33—38]. When con-
sidering the arterial anatomy, it is best to think of this relative to the pancreas’
zonal perfusion (Table 10.1). The vascular supply to different regions of the pan-
creas has been nicely illustrated in a study that combined conventional angiogra-
phy with CT to show the parenchymal perfusion following injections in the
supplied arteries [39]. Based on this study, the pancreas can be divided into five
regions: the uncinate process, the superior head, the inferior head, the body, and
the tail. The uncinate process receives arterial supply from the superior mesenteric
artery (SMA) in nearly all patients. The gastroduodenal artery (GDA) provides
blood supply to the superior and inferior head of the pancreas via the pancreato-
duodenal branches in most patients, with some patients having arterial supply to

Table 10.1 Arterial supply to pancreatic regions

Pancreatic Region Usual Arterial Supply

Uncinate process SMA

Superior head GDA

Inferior head GSA/SMA

Body Splenic SMA in about half of patients
Tail Splenic
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the superior head via the SMA. The body and tail of the pancreas receive their
blood supply from branches of the splenic artery. The dorsal pancreatic artery is
often the largest artery to the pancreas and typically arises from the proximal com-
mon hepatic artery or the proximal splenic artery. Next, the pancreatica magna
artery arises from the mid splenic artery. It feeds the pancreatic body, while the
caudal pancreatic artery arises from the distal splenic artery and supplies the tail
of the pancreas. Between these two vessels runs the transverse pancreatic artery.
This artery runs along the long axis of the pancreas between the body and tail and
provides collateral blood supply between the pancreatica magna and caudal pan-
creatic arteries.

Procedure Technique

In preparation for the procedure, it is essential that the patient withhold any medica-
tion that can influence insulin secretion since this can result in a false-negative
study [40].

As alluded to earlier, this procedure requires both arterial and venous access.
Venous access can be obtained nearly anywhere, with the common femoral and
internal jugular veins the most common sites. Femoral access does have the advan-
tage of working from a single site if femoral arterial access is also used. After
accessing the venous system, a 5—6 French sheath is typically used, though not
required. Since the sampling is performed from either the right or the middle
hepatic vein, the choice of catheter used to select this vein will depend on the
access site location. For internal jugular venous access, a hockey stick-shaped
catheter, such as an Multipurpose-A or Multipurpose-B, is often adequate. For
femoral venous access, a reverse-curve or Cobra-shaped catheter will allow for the
more acute angle at the hepatic vein/IVC confluence. Once in the hepatic vein, the
catheter is advanced several centimeters deep, but a wedged position is not
required.

On the arterial side, common femoral artery access is the most commonly
described technique. However, with the recent popularity of radial access for vis-
ceral angiography, using the left wrist is also a viable option. With either approach,
a 5-6 French sheath is placed. For femoral access, a Cobra-shaped or reverse-curve
catheter will be used to catheterize the celiac and superior mesenteric arteries selec-
tively. A forward-facing catheter is useful to cannulate the celiac and superior mes-
enteric arteries from the radial approach. Regardless of the access site, a microcatheter
is often helpful for more selective catheterizations.

Diagnostic arteriography is performed first with the purpose of identifying any
potential hyper-vascular masses and mapping out the relevant anatomy. At a mini-
mum, selective angiograms of the celiac, superior mesenteric, gastroduodenal,
proximal splenic (proximal to the pancreatic magna origin), distal splenic, and
proper hepatic arteries are performed. The injection of the proper hepatic artery is
useful for identifying potential liver metastases that are not visible on
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cross-sectional imaging. It is not necessary to perform selective angiograms of the
pancreatic branches since this is often low yield and can lead to pancreatitis com-
plications [21].

On the diagnostic angiograms, one is looking for hyper-vascular masses. If a
lesion is seen, then selective stimulation of the feeding artery will be performed.
However, this vessel should be stimulated last to reduce the risk of erroneously
elevated insulin levels in other territories. One is also looking for any variant anat-
omy that may influence the calcium stimulation test results. One of the most com-
mon anatomic variants that one may encounter is a replaced dorsal pancreatic artery
arising from the proximal SMA, a finding in up to 25% of cases. The dorsal pancre-
atic artery supplies the body of the pancreas, so a lesion in this location could have
a positive result from the SMA injection in up to a quarter of patients. In one report,
this variant resulted in a false-negative study when the dorsal pancreatic artery
arose close to the origin of the SMA, proximal to the calcium injection site [19].

Another common finding that can affect the ASVS results is celiac stenosis [41, 42].
Celiac stenosis can be due to either extrinsic compression (e.g., by the median arcuate
ligament) or intrinsic disease, such as atherosclerosis. Interpreting results in the setting
of celiac stenosis or occlusion can be particularly challenging. Severe cases can result
in retrograde blood flow through the GDA, a situation that leads to the SMA providing
blood supply to the entire pancreas. In this situation, careful angiography and selective
catheterization will be essential for an accurate evaluation.

One must also be aware of potential venous variants. One review described a
case of anomalous venous drainage through a splenorenal shunt in a patient with
underlying liver disease, leading to a false-negative study since the venous drainage
did not pass through the hepatic veins [42]. Once recognized, the test was repeated
with venous sampling performed from the left renal vein, localizing a lesion in the
pancreatic tail.

Following the diagnostic portion of the study is the administration of the stimu-
lating agent. The agent used will be determined by the suspected tumor type. For
insulinomas, calcium gluconate is used to stimulate insulin secretion. Many early
reports described using a dose adjusted for bodyweight with a formula of 0.025 mEq/
kg [4, 40, 41, 43]. As an alternative, some authors have used a fixed dose of 1-2 mL.
10% calcium diluted with saline to a total volume of 5 mL, with similar sensitivities
and specificities and the added simplicity of not having to calculate the weight-
based amount [19, 44]. For gastrinomas, secretin is administered. The administered
dose is 30 units of secretin diluted to 5 mL [1].

With the stimulating agents at hand, a baseline venous sample is collected. The
catheter or microcatheter is positioned in the specified artery and confirmed with
gentle contrast injection. One must be careful not to place the catheter too deep
into the artery (beyond the first branch) since this can result in a false-negative
study [42]. After the stimulation agent is administered, venous samples are
obtained at 30, 60, and 120 s for insulinomas (Fig. 10.1). The same samples are
collected for gastrinomas plus an additional sample at 240 s. The samples are
placed in a serum gel and sent to the lab on ice. Accurate labeling is essential for
each sample.
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Fig. 10.1 Example of ASVS results for insulinoma in the pancreatic tail. (a) Illustration showing
small hypervascular mass in the pancreatic tail. (arrow) A calcium gluconate is injected through a
microcatheter and venous sampling through a reverse-curve shaped catheter in the hapatic vein (b)
Graph of results from venous sampling after calcium stimulation. There is marked increase in
insulin levels starting at 30 seconds after calcium injection into the splenic artery

After each vessel is sampled, the catheter or microcatheter is repositioned into
the next appropriate artery. At least 5 min should elapse between each calcium
injection.

When testing for insulinomas, a twofold or higher rise from baseline is the
threshold Doppman established and has been used to determine a positive result in
most published studies [4]. However, a more recent analysis suggests using a
slightly higher threshold of 2.7-fold or higher to consider the test positive for more
accurate results [45]. When testing for gastrinomas, a 50% or higher rise at 30 s
after injection is the threshold used for a positive result.
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Outcomes

Because insulinomas are rare lesions, and many of them may be identified and
treated based on cross-sectional imaging alone, there are very few large studies
evaluating this test’s effectiveness.

In one of the most extensive studies to date, Guettier et al. from the National
Institutes of Health (NIH) published a retrospective review of 45 patients who
underwent ASVS to localize insulinomas [41]. In this study, 45 patients with sus-
pected insulinomas, based on fasting hypoglycemia, with negative cross-sectional
imaging studies underwent ASVS. All patients received 0.0125 mmol Ca/kg, except
in obese patients whose dose was reduced to 0.005 mmol Ca/kg. A total of 38/45
(84%) lesions were correctly localized and resected. One interesting finding from
this study was the variability in the response. While a twofold threshold was used
for a positive test, the mean increase in insulin concentration was 7.9-fold. However,
when one looks at the distribution, there was a wide range in responses, likely
reflecting the difference in tumor size and/or behavior.

Overall, the NIH experience showed preoperative ASVS to be a reliable method
to localize insulinomas. There were only two false positives (4%) in which the
tumors were localized to the wrong anatomic area. There were also five false-
negative tests (11%). One of these was attributed to a technical error related to the
catheter position. The other was associated with the reversal of flow in the GDA
from celiac stenosis in a patient with a lesion in the pancreatic head. This case illus-
trates the importance of ensuring the calcium is delivered to the anatomic region (in
this case, the pancreatic head) being studied.

In a recent meta-analysis and systematic review, Wang et al. studied the diagnos-
tic value of ASVS for insulinomas [46]. The authors were able to pool ten studies
comprising 337 patients for their analysis. The authors found a sensitivity of 93%,
a specificity of 86%, a positive predictive value of 6.8, and a negative predictive
value of 0.08. These findings support the use of ASVS as a test with high diagnostic
value in localizing the tumor before surgery and exceed the reported sensitivities
and specificities of cross-sectional imaging.

Most of the published studies on the value of ASVS have used the 2.0 threshold
for a positive test, though this threshold has not been validated in larger studies. One
group of investigators applied a decision tree analysis to their data and found a
slightly higher threshold of 2.7 times over baseline yielded more accurate results
[45]. Sensitivity, specificity, and accuracy improved from 100%, 69%, and 79.1%
with a twofold increase threshold to 100%, 91.4%, and 94.2%, respectively, when
using the 2.7-fold increase threshold.

As mentioned earlier, there is some evidence to suggest the ASVS may also be
useful in distinguishing between occult insulinomas and nesidioblastosis [47]. This
distinction has become more critical in recent years as the treatment for nesidioblas-
tosis has changed from a surgical approach to a more conservative management [30,
48, 49]. While these are both rare conditions, researchers at the Mayo Clinic were
able to study 116 patients with either insulinoma or nesidioblastosis and underwent
ASVS [47]. The investigators were able to compare the two groups to see if the test



10 Arterial Stimulation Venous Sampling for Pancreatic Endocrine Tumors 155

could reliably differentiate the two conditions. In this study, the researchers derived
several conclusions. First, they found that the use of the middle hepatic vein did
provide larger differences between the two patient groups than using the right
hepatic vein, though both approaches could be used. More importantly, they found
patients with insulinomas yielded much higher venous insulin levels than patients
with nesidioblastosis. When using the middle hepatic vein, an obtained insulin level
of >91.5 pIU/mL resulted in a 95% specificity for insulinoma. When the cutoff was
raised to >263.5 pIU/mL, the test was 100% specific.

While most of the reports on ASVS have centered on localizing insulinomas,
ASVS also has diagnostic value for gastrinomas. In 1992, Thom et al. published a
report that found ASVS to have a sensitivity of 89% in this setting [50]. Other stud-
ies have confirmed similar values with sensitivities ranging between 77% and
100% [1, 2].

Complications

The primary risk of the procedure is inducing hypoglycemia in response to the
injection of calcium, resulting in a sudden release of insulin. This risk, however, is
small due to the small amounts of calcium injected [51]. Other potential complica-
tions include pancreatitis from an overzealous injection into an artery directly sup-
plying the pancreas. There are also potential risks that are common to all
arteriograms: contrast reaction, vessel dissection, and access site hematomas.

Conclusions

Arterial stimulation venous sampling is a physiologic test that can help identify and
localize occult pancreatic endocrine tumors. While it is mostly used for insulino-
mas, there are other uses, including localizing gastrinomas, differentiating func-
tional from non-functional masses and confirming diagnosis before surgery. While
the test is invasive, it is relatively straightforward to perform and has excellent diag-
nostic results.
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Hyperaldosteronism

The goals of therapy in hyperaldosteronism are to normalize blood pressure, nor-
malize serum potassium without potassium supplementation and unsuppressed
renin, and reverse the adverse cardiovascular and renal effects associated with aldo-
sterone excess.

Surgical/Pharmacological Therapy

For patients with unilateral aldosterone-producing adenoma or unilateral hyperpla-
sia, laparoscopic adrenalectomy is recommended. Pharmacological therapy is rec-
ommended for patients who cannot undergo surgery or those with bilateral
hyperaldosteronism [1]. In evaluating patients with hyperaldosteronism, CT imag-
ing is used in conjunction with adrenal vein sampling (AVS) to guide clinical deci-
sions. Although adrenal CT helps detect larger lesions, it may miss microadenomas.
Furthermore, nonfunctioning adenomas are common, and CT cannot distinguish
these from aldosterone-producing adenomas. Thus, guidelines currently
recommend that patients who seek a surgical cure undergo AVS to confirm
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unilateral disease. AVS is expensive and invasive, so it should only be performed in
patients with primary hyperaldosteronism.

For those who need pharmacological therapy, mineralocorticoid receptor antago-
nists (MRAs) are the preferred pharmacological agents. Spironolactone is the agent
of choice, but eplerenone is an alternative. Both have been shown to reduce blood
pressure and increase serum potassium. Spironolactone can cause breast tenderness
and menstrual irregularities in women and decreased libido and gynecomastia in
men. The starting dose of spironolactone is 12.5-25 mg daily and should be titrated
upward gradually to use the lowest effective dose. If side effects of spironolactone
limit its use in treating hyperaldosteronism, eplerenone can be trialed. Eplerenone
has fewer side effects but is more expensive than spironolactone. Patients with
hyperaldosteronism require high doses of MRAs, sometimes exceeding the recom-
mended maximum doses. Serum potassium should be closely monitored when ini-
tiating therapy or increasing dosage, especially in patients with chronic kidney
disease, due to the risk of hyperkalemia. For patients who can’t tolerate MRAs,
amiloride or triamterene are second-line therapies. These are potassium-sparing
diuretics that block the aldosterone-sensitive sodium channel in the renal collecting
tubules. Patients with persistent hypertension, despite upward titration of these
medications, should have another antihypertensive medication added to their regi-
men to normalize their blood pressure.

Nuclear Medicine

At present, there are no commonly used nuclear medicine tests for hyperaldosteron-
ism. A tracer known as NP-59 was used for a short time but is now rarely used due
to its poor sensitivity and lack of FDA approval.

Hyperparathyroidism

Management of hyperparathyroidism depends on whether it is primary, secondary,
or tertiary hyperparathyroidism and the patient’s underlying comorbidities.

Primary Hyperparathyroidism: Surgical/Pharmacological
Therapy

Patients with symptomatic primary hyperparathyroidism (i.e., symptomatic hyper-
calcemia, nephrolithiasis, fractures) should have parathyroidectomy. Parathyroid
surgery is the only curative treatment for primary hyperparathyroidism. Indications
for parathyroidectomy in asymptomatic primary hyperparathyroidism are as fol-
lows: (1) serum calcium >1 mg/dL higher than the upper limit of normal, (2)
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osteoporosis as defined by bone mineral density (BMD) on dual-energy X-ray
(DXA) or presence of a vertebral fracture on imaging, (3) creatinine clearance of
<60 ml/min or nephrolithiasis on imaging, or (4) age less than 50 years [2].
Complications of surgery include hungry bone syndrome, persistent hypoparathy-
roidism, and recurrent laryngeal nerve injury. Patients who do not undergo surgery
require periodic monitoring for worsening hypercalcemia, renal impairment, and
bone loss.

For those who meet surgical criteria but have contraindications to surgery or do
not want to undergo surgery, medical therapy is recommended [3]. Cinacalcet is a
calcimimetic that activates the calcium-sensing receptor and decreases calcium and
parathyroid hormone (PTH) levels. Side effects include nausea, diarrhea, arthralgia,
myalgia, and paresthesia. Cinacalcet’s effects on BMD are unclear. Alendronate is
a bisphosphonate that has shown improvement in BMD at the lumbar spine and
femoral neck. Bisphosphonates have little to no effect on serum calcium and no
significant effect on serum PTH levels. Patients with low BMD and elevated serum
calcium may need combination therapy with cinacalcet and bisphosphonate therapy.

Secondary Hyperparathyroidism: Surgical/Pharmacological
Therapy

In secondary hyperparathyroidism, treatment is aimed at correcting the causes of
hyperparathyroidism. In patients with chronic kidney disease (CKD), serial moni-
toring of phosphate, calcium, vitamin D, and PTH levels is used to direct treatment
[4]. Vitamin D deficiency and insufficiency should be treated. Hyperphosphatemia
is managed with dietary phosphate restriction and noncalcium phosphate binders.
Phosphate should be lowered toward the normal range while avoiding hypercalce-
mia. Hypocalcemia can be managed with calcium supplementation. For patients
with CKD who are not on dialysis, the optimal PTH level is not known. For those
who have severe and progressive secondary hyperparathyroidism, calcitriol and
vitamin D analogs may be considered. In patients on dialysis, PTH levels should be
maintained at two to nine times the upper limit of normal. In these patients, elevated
PTH can be managed with calcimimetics, calcitriol, and/or vitamin D analogs. In
patients with CKD stages 3—5 who have severe hyperparathyroidism unresponsive
to medical therapy, parathyroidectomy should be considered.

Tertiary Hyperparathyroidism: Surgical/Pharmacological
Therapy

In tertiary hyperparathyroidism, the mainstay of treatment is surgery. The most
common surgeries are subtotal parathyroidectomy or total parathyroidectomy with
autotransplantation. Although calcimimetics are not approved for tertiary hyper-
parathyroidism, they are sometimes used to reduce serum calcium.



164 D. Soliman et al.
Nuclear Medicine

Technetium-99m sestamibi is used to find occult parathyroid adenomas in hyper-
parathyroidism; the hypercellular, hypervascular oxyphil cells, common in parathy-
roid adenomas, take up the tracer in their mitochondria and are described in detail
in Chap. 2 [5, 6].

Hyperandrogenism

Treatment of hyperandrogenism is aimed at the underlying etiology. The most com-
mon cause of androgen excess is polycystic ovarian syndrome (PCOS). Less com-
monly, the etiology is idiopathic hyperandrogenism, idiopathic hirsutism,
21-hydroxylase-deficient nonclassic congenital adrenal hyperplasia (NCCAH),
hyperandrogenic insulin-resistant acanthosis nigricans (HAIR-AN) syndrome, or
an androgen-secreting tumor.

Pharmacological Therapy

First-line therapy for PCOS symptoms is hormonal contraceptives [7]. Oral contra-
ceptives reduce androgens in PCOS and other ovarian causes of hyperandrogenism
by suppression of luteinizing hormone (LH) and stimulation of sex hormone-
binding globulin (SHBG). For overweight and obese women with PCOS, weight
loss is recommended. For women with severe hirsutism, an antiandrogen, such as
spironolactone or finasteride, can be added. In addition to its anti-mineralocorticoid
properties, spironolactone is an antagonist of the androgen receptor. Finasteride is a
Sa-reductase inhibitor that blocks the conversion of testosterone to DHT. Metformin,
an insulin-sensitizing agent, can be added in patients with type 2 diabetes mellitus
or impaired glucose tolerance. For women with PCOS and anovulatory infertility
who are pursuing pregnancy, clomiphene citrate and letrozole are options.

In patients with severe ovarian hyperandrogenism, such as ovarian hypertheco-
sis, and an inadequate response to hormonal contraceptives and antiandrogens,
GnRH agonists can be used. In severe cases, bilateral oophorectomy may be
necessary.

In NCCAH, hirsutism and acne can be treated with oral contraceptives, adding
an antiandrogen agent if needed [8]. For those who don’t respond to these agents or
desire fertility, glucocorticoid therapy, such as prednisone or dexamethasone, can be
used. Treatment for HAIR-AN syndrome includes weight loss, oral contraceptives,
antiandrogens, and metformin. It is recommended that patients who have a viriliz-
ing adrenal or ovarian tumor have the tumor surgically excised.
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Nuclear Medicine

At present, there are no nuclear medicine tests for hyperandrogenism.

Pancreatic Endocrine Tumors

Pancreatic endocrine tumors or pancreatic neuroendocrine tumors (PNETSs) are usu-
ally well-differentiated neoplasms. They can occur sporadically or as part of a
genetic syndrome. The most common functional PNETSs are insulinoma, gastri-
noma, VIPoma, glucagonoma, and somatostatinoma.

Surgical/Pharmacological Therapy

It is recommended that functioning PNETSs be resected [9, 10]. Medical therapy can
be used to control excess hormone secretion, depending on the tumor type. For
insulinomas, options include diazoxide, everolimus, or somatostatin analogs
(octreotide, lanreotide). Diazoxide use may be limited by the adverse effects of
edema, nausea, and hirsutism. When initiating and titrating somatostatin analogs in
insulinomas, careful monitoring is required as these agents can paradoxically cause
hypoglycemia. For gastrinomas, histamine H2-receptor antagonists and proton
pump inhibitors control acid hypersecretion and are first-line agents. For refractory
cases, somatostatin analogs can be used. Somatostatin analogs can also be used for
the other PNETS, including glucagonomas, VIPomas, and somatostatinomas. Side
effects of somatostatin analogs include flatulence, diarrhea/steatorrhea, nausea,
gallstones, and glucose intolerance. Options for advanced PNETs are cytoreductive
surgery, hepatic artery embolization (for those with liver metastases), and
chemotherapy.

Nuclear Medicine

Tracers binding to somatostatin receptors, such as the gamma camera tracer
Indium-111 pentetreotide (Octreoscan) and now the positron emission tomography
(PET) tracers gallium-68 DOTATATE (Netspot) and DOTATOC, can be used to
localize neuroendocrine tumors, including PNETS, carcinoid tumors, gastrinomas,
and VIPomas [11, 12]. Pentetreotide has been superseded by DOTATATE and
DOTATOC, which has better detection rates (95% vs 43%), PPV (98% vs 84%),
and NPV (80% vs 50%), is faster to perform (a few hours vs 24 hours), and results
in less radiation dose, but may still be used where PET is not available [13].
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Hypercortisolism

Hypercortisolism in Cushing’s syndrome can be due to an ACTH-producing pitu-
itary tumor (Cushing’s disease), ectopic ACTH production, or excess cortisol pro-
duction by an adrenal adenoma or carcinoma. The goal of therapy in Cushing’s
syndrome is to normalize cortisol levels to eliminate the signs and symptoms of
Cushing’s syndrome and treat comorbidities associated with hypercortisolism [14].

Surgical/Pharmacological Therapy

In Cushing’s disease, transsphenoidal selective adenomectomy by an experienced
pituitary surgeon is recommended. Before surgery, in the absence of a pituitary
lesion on MRI, inferior petrosal sinus sampling (IPSS) can help surgeons identify
the correct side of the pituitary tumor. IPSS measures ACTH gradients between the
two sinuses during inferior petrosal venous sinus catheterization. After surgery,
serum sodium should be measured several times in the first 2 weeks due to the risk
of diabetes insipidus. Other risks of surgery include hemorrhage, meningitis, and
panhypopituitarism. If surgery is not possible or unsuccessful, second-line therapies
include repeat transsphenoidal surgery, radiotherapy, medical treatment, and bilat-
eral adrenalectomy. Repeat transsphenoidal surgery is recommended for patients
with incomplete resection or a persistent pituitary lesion on imaging, though it does
carry an increased risk of panhypopituitarism. Radiotherapy can be used for patients
who are not surgical candidates or have a tumor that is invasive or unresectable.
Still, it is more commonly used as a second-line therapy when surgery fails. Pituitary
radiation risks include hypopituitarism, optic neuropathy, other cranial neuropa-
thies, and secondary neoplasia. It can take months to years for the full effects of
radiation to be achieved, and hypercortisolism will need to be controlled with phar-
macological agents in the interim. Pharmacological agents that can be used are
adrenal enzyme inhibitors, adrenolytic agents, and glucocorticoid receptor antago-
nists. Although bilateral total adrenalectomy offers a definitive cure, it requires life-
long glucocorticoid and mineralocorticoid replacement. Given the high likelihood
of recurrence in Cushing’s disease, patients will need long-term monitoring and
should be evaluated for cortisol excess annually.

The preferred therapy for ectopic ACTH-producing tumors is surgical excision
of the tumor. For those whom surgery is not an option or have overt metastatic dis-
ease, pharmacological therapy or bilateral adrenalectomy are options.

For adrenal adenoma and carcinoma, surgical resection is recommended.
Unilateral adrenalectomy is the treatment for adrenal adenomas that cause hyper-
cortisolism. Bilateral adrenalectomy is indicated for bilateral macronodular adrenal
hyperplasia and primary pigmented nodular adrenal disease. Patients with adreno-
cortical carcinoma have a poor prognosis and a high recurrence rate. Initial treat-
ment for adrenocortical carcinoma is surgical resection and adjuvant mitotane
therapy. Patients with persistent hypercortisolism will need additional pharmaco-
logical therapy.
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Though hypercortisolism in Cushing’s syndrome is treated surgically, medical
therapy is needed if surgery is not possible or unsuccessful. The choice of therapy
depends on patient factors and cost. The steroidogenesis inhibitors include ketocon-
azole, metyrapone, and mitotane. Ketfoconazole is commonly used and is relatively
benign, except for rarely causing idiosyncratic severe hepatic dyscrasia. Metyrapone
can cause gastrointestinal disturbances and requires monitoring for hypokalemia,
edema, and hypertension. By blocking the conversion of 11-deoxycortisol to corti-
sol, metyrapone causes an elevation of 11-deoxycortisol, which can cross-react with
serum and urinary cortisol assays. In severe hypercortisolism, ketoconazole can be
used in combination with metyrapone. Mitotane has a direct cytotoxic effect on the
adrenal cortex and is mainly used as adjuvant therapy to treat adrenocortical carci-
noma. Mitotane’s side effect profile can limit its tolerability for patients. The most
common side effects are nausea, vomiting, fatigue, and anorexia. Mitotane raises
the level of cortisol-binding globulin and thus plasma total cortisol. Therefore, uri-
nary free cortisol or salivary cortisol levels are used for monitoring response to
therapy.

Pituitary-directed agents are cabergoline and pasireotide. Cabergoline is a dopa-
mine agonist. Side effects include nausea, dizziness, and asthenia. Pasireotide is a
somatostatin receptor agonist that blocks ACTH secretion from the pituitary gland.
It can cause diarrhea, nausea, cholelithiasis, hyperglycemia, and transient elevation
of liver function tests.

Mifepristone is a glucocorticoid receptor antagonist and antiprogestin. In the
United States, it is approved to control hyperglycemia secondary to hypercorti-
solism. Mifepristone blocks cortisol action, so hormonal measurements cannot be
used for monitoring the effectiveness of therapy; instead, clinical parameters must
be used. Adverse effects of mifepristone include fatigue, nausea, vomiting, arthral-
gias, headache, hypertension, hypokalemia, edema, and endometrial thickening.

Nuclear Medicine

At present, there are no nuclear medicine tests specifically for hypercortisolism.
However, the somatostatin receptor PET tracer DOTATATE has been used for ecto-
pic ACTH-secreting tumors; overall sensitivity is 64%, while 50% for covert
tumors [15].
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Chapter 12
Surgical Treatment of Primary
Aldosteronism

Lawrence Kim and Juan Camilo Mira

Introduction

Primary aldosteronism (PA) is a common cause of secondary hypertension with
a prevalence ranging from 5% in uncomplicated hypertension to 20% in resis-
tant hypertension [1, 2]. In PA, aldosterone production is dysregulated and ele-
vated independently of regulation by the renin-angiotensin-aldosterone system
leading to inappropriate sodium retention, potassium excretion, and hyperten-
sion [3]. Overproduction of aldosterone can occur secondary to bilateral (60%
of cases) or unilateral (2%) adrenal hyperplasia, adrenal adenoma (35%),
aldosterone-producing carcinoma (<1%), familial hyperaldosteronism (<2%),
or ectopic aldosterone production (<0.1%) [4]. Patients with PA are at an
increased risk of cardiovascular and cerebrovascular events when compared to
patients with essential hypertension [5]. Screening and identification of this
increasingly recognized population is imperative as adrenalectomy can cure a
subset of this population. Surgical management of PA has proven to be cost-
effective and provides long-term improvement in blood pressure, biochemical
parameters, and quality of life [6, 7].

Adrenalectomy may be performed via several approaches. The most commonly
used techniques are laparoscopic either with or without use of a robotic system.
These techniques will be discussed individually in this chapter.
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Preoperative Optimization

Patients with PA who have confirmed unilateral disease and are candidates for sur-
gery must be optimized for adrenalectomy. For safe induction of general anesthesia,
blood pressure must be controlled and hypokalemia corrected. Spironolactone or
eplerenone, a mineralocorticoid receptor antagonist (MRA) in PA, can be used to
correct aldosterone-mediated hypokalemia and hypertension. Additional antihyper-
tensives and potassium supplementation may also be necessary [8].

Goal of Surgery: Biochemical and Clinical Remission

Patients with a localized aldosterone-producing adenoma (APA) and unilateral
adrenal hyperplasia (UAH) benefit from surgical intervention. When compared to
medical treatment in patients with adrenal vein sampling (AVS)-lateralized unilat-
eral PA, adrenalectomy achieves significantly improved systolic and diastolic blood
pressure measurements, use of fewer antihypertensive medications, and a complete
control rate of hypertension that is 7.75 times higher than is achieved by medication
alone [9]. The Primary Aldosteronism Surgical Outcome (PASO) study investiga-
tors set to define consensus criteria for the classification of surgical outcomes based
on clinical and biochemical outcomes as defined by complete, partial, and absent
response to surgery [10]. Complete biochemical response was observed on average
in 94% of patients undergoing adrenalectomy (normalization of the aldosterone/
renin ratio (ARR) and correction of hypokalemia). A complete clinical response
was noted in 37% (normal blood pressure without medication), and an additional
47% had a partial clinical response (either less antihypertensive medication or
reduced blood pressure on the same medications) [10]. Importantly, biochemical
cure rates of 94% highlight the importance of surgical correction of PA given the
known cardiovascular, endothelial, and renal injury associated with prolonged aldo-
sterone hypersecretion [11, 12]. Additionally, adrenalectomy has proven to improve
quality-of-life measures in patients with unilateral disease [7, 13]. When counseling
patients, it is important to note that certain non-modifiable factors influence rates of
remission. Young age, female sex, use of fewer antihypertensives, and the absence
of left ventricular hypertrophy are associated with higher rates of clinical and bio-
chemical remission [10]. Race can also impact presentation and outcomes in patients
with PA. Despite presenting with similar ARR, Black patients present with a longer
duration of hypertension and have a higher mean arterial pressure following adre-
nalectomy relative to nonblack patients [14].

Given the disparity between clinical and biochemical response rates, several
groups have made efforts to predict postoperative hypertensive outcomes (clinical
response) for patients with unilateral PA. Examples include the PASO score,
nomogram-based preoperative score (NBPS), and aldosteronoma resolution score
(ARS) [15-17] (Table 12.1). The predictive factors vary in each group, but all
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Table 12.1 Common predictors of postoperative clinical response

Tool Variables Favorable score
PASO score | 1. Duration of hypertension 1. <10 years

2. Sex 2. Female

3. Target organ damage® 3. Present

4. BMI 4.<24

5. Defined daily dose of antihypertensive medications | 5. <3

6. Largest nodule at imaging 6. >20 mm diameter
NBPS 1. Duration of hypertension 1.<5

2. Sex 2. Female

3. Target organ damage® 3. Present

4. Aldosterone-to-renin ratio 4.>180 pg.mL-1/mU.L-1
ARS 1. Duration of hypertension 1. <6 years

2. Sex 2. Female

3. BMI 3.<25

4. Number of antihypertensive medications 4. <2 medications

The “favorable score” is noted as the specific values that contribute to increased likelihood of
postoperative clinical response as defined by the investigators of the specific predictive tools [15—
17]. PASO primary aldosteronism surgery outcomes, NBPS nomogram-based preoperative score,
ARS aldosteronoma resolution score, BMI body mass index

“Defined as presence of left ventricular hypertrophy and/or microalbuminuria

models included sex and duration of hypertension. The developers of the NBPS cre-
ated their predictive tool using independent predictors of hypertension remission in
an Asian cohort and validated it in a Caucasian cohort. Independent predictive vari-
ables in this nomogram include sex, duration of hypertension, aldosterone-to-renin
ratio, and target organ damage. The nomogram’s predictive performance was then
compared to the PASO score and ARS in both cohorts. Their findings suggest mod-
est performance in the training and validation populations, with area under the
receiver operating characteristic curves (AUCs) in the validation cohort of 0.830 for
the NBPS, which was statistically better than the ARS (AUC = 0.745, P = 0.045) but
equivalent to the PASO score (AUC = 0.825, P =0.911) at predicting postoperative
hypertensive outcomes [16].

Adrenalectomy

History of Adrenalectomy

The first successful surgical adrenalectomy was performed in 1889 by K. Thornton,
and the procedure became increasingly performed with the discovery of pheochro-
mocytoma (1912), Cushing’s disease of adrenal etiology (1949), and primary
aldosteronism (1955) [18]. Developments in surgical and anesthetic technique,
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perioperative blood pressure control, adrenal hormone replacement, and under-
standing of the pathobiology of these diseases allowed for improved outcomes of
a once morbid procedure with mortality approaching 30% [19]. Open surgery was
the primary modality employed for adrenalectomy until the development of lapa-
roscopic techniques. The first laparoscopic adrenalectomy was performed in 1992
by M. Gagner [20]. Soon after its inception, laparoscopy was shown to decrease
hospital length of stay, diminish narcotic requirement, and cause fewer complica-
tions [21]. Importantly, when compared to the open approach, patients with PA
undergoing laparoscopic adrenalectomy have equivalent clinical cure rates
(improvement in blood pressure and correction of hypokalemia) [22]. While the
open approach remains the standard of care for adrenocortical carcinoma, laparo-
scopic adrenalectomy is the standard for primary aldosteronism from APA and
UHA [3, 23].

Surgical Approach
Open Adrenalectomy

Since laparoscopic approaches have become commonplace, open adrenalectomy is
seldom performed for hyperaldosteronism. Open adrenalectomy via a transabdomi-
nal approach is reserved for patients in whom adrenocortical carcinoma is suspected
or in highly selected patients for whom laparoscopic techniques are deemed unad-
visable. Adrenocortical carcinoma may be suspected from radiographic findings
such as large, lipid poor tumors with irregular borders, heterogeneity, or local inva-
sion [24]. However, isolated hyperaldosteronism is exceedingly rare as a manifesta-
tion of adrenocortical carcinoma. Less than 1% of patients with PA have an
underlying adrenocortical carcinoma as the primary source [25]. The transabdomi-
nal open approach may be performed via a midline or subcostal incision in the
supine or lateral position. An open, posterior, retroperitoneal approach via 11th or
12th rib resection was performed by some surgeons until the widespread use of
laparoscopy [26]. The open posterior approach is not suitable in cases of malig-
nancy and tends to be a painful incision. It has largely been replaced by laparo-
scopic approaches.

Laparoscopic Adrenalectomy

As laparoscopy is the standard for benign adrenal lesions; details are described
below for the transabdominal and retroperitoneal laparoscopic approaches. Today,
there are two main approaches to laparoscopic adrenalectomy: transperitoneal or
posterior retroperitoneal.



12 Surgical Treatment of Primary Aldosteronism 175

Transperitoneal (Transabdominal) Adrenalectomy

The laparoscopic transperitoneal adrenalectomy is most commonly performed via a
lateral approach [27] though some surgeons perform an anterior approach, espe-
cially in cases of other types of adrenal pathology where bilateral adrenalectomy is
indicated [28, 29]. One advantage of the lateral position is that gravity allows the
viscera to retract away from the surgical field. We prefer the lateral approach.

We prefer to use a beanbag for positioning which is placed on the operating table
during room preparation. Draw sheets both below and on top of the beanbag facili-
tate positioning. The patient is initially placed supine on the operating table and
general anesthesia is induced. Secure intravenous access should be assured. In most
cases, continuous blood pressure monitoring via arterial access and central venous
access is not needed, though may be necessary in some patients due to specific
comorbidities. A Foley catheter should be placed. Sequential compression devices
are applied. The patient is moved if necessary, so that the space superior to the iliac
crest lies over the break point of the table. The patient is then turned into the full
lateral position with the appropriate side up. The table is flexed fully to open the
space between the costal margin and iliac crest. The beanbag is then deflated. The
arms are positioned in neutral positions away from the operative field. The legs are
padded and secured in a neutral position.

Transabdominal Approach to the Right Adrenal Gland

The abdomen is entered either via a closed technique and the Veress needle or open
technique according to surgeon’s preference, and pneumoperitoneum is established
to 15 mmHg. The first port is usually positioned just medial to the anterior axillary
line. On the right side, usually a total of four ports are required as one will be needed
for liver retraction. The right lobe of the liver is retracted cephalad for exposure to
the retroperitoneum. Dissection is begun with opening of the posterior peritoneum
just inferior to the liver (Fig. 12.1). In thinner patients, the inferior vena cava (IVC)
is usually visible just beneath the peritoneum. In larger patients, some dissection
may be required before the IVC becomes apparent. Dissection continues along the
border of the inferior vena cava to identify the right adrenal vein (Fig. 12.2). The
right adrenal vein is a short, sizable vein often located cephalad to the inferior to the
edge of the liver. Early identification, dissection, and division of the right adrenal
vein are important to avoid surgical complication. The right adrenal vein is clipped
and then divided. The adrenal gland can then be dissected away from the IVC
(Fig. 12.3). Dissection is carried along the adrenal gland with cautery or an energy
device, separating the gland from the retroperitoneal and perirenal adipose tissue.
During dissection, it is important not to directly grasp the adrenal gland. This will
cause the capsule to rupture resulting in copious bleeding that is difficult to control.
Disruption of the tumor may cause seeding of the surrounding space and diffuse
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Fig. 12.1 Early view
during transabdominal
right adrenalectomy. The
arrow points to the adrenal
gland. The liver is retracted
cephalad. Dotted lines
indicate the inferior

vena cava

Fig. 12.2 Transabdominal
right adrenalectomy. The
short adrenal vein has been
exposed (arrow)

regrowth of tumor. Usually, the adrenal arterial supply is well controlled with cau-
tery alone, but occasionally, larger vessels may require a clip or an energy device.
The superior pole of the kidney will become visible and the pararenal fat is taken
along with the adrenal. Care should be taken when dividing the pararenal fat because
the irregular shape of the adrenal gland may cause the surgeon to inadvertently
leave behind an adrenal limb. Once separated from the retroperitoneum, the adrenal
gland is placed in a laparoscopic collection bag and removed. We prefer a strong
bag that can tolerate substantial pressure since inadvertent spill of adrenal contents
during extraction can be disastrous. The extraction site is closed at the level of the
fascia to decrease the risk of incisional hernia. No drains are necessary.



12 Surgical Treatment of Primary Aldosteronism 177

Fig. 12.3 Transabdominal
right adrenalectomy. The
adrenal gland is being
mobilized away from the
inferior vena cava. The
white arrow points to the
edge of the adrenal gland.
The black arrow points to
the clipped stump of the
adrenal vein

Fig. 12.4 Transabdominal
left adrenalectomy. The
spleen and pancreas
complex have been
mobilized anteriorly to
expose the left adrenal
gland (dotted ellipse)

Transabdominal Approach to the Left Adrenal Gland

The patient is placed in the left lateral decubitus position and the abdomen is entered
as described above. Usually, a total of three ports are adequate on the left (a camera
port and two working ports). The splenic flexure of the colon is mobilized if neces-
sary to expose the retroperitoneum. Gravity assists on medial retraction of the
splenic flexure. The splenorenal and splenophrenic ligaments are divided, and the
peritoneum at the inferior edge of the pancreas is incised to allow for medialization
of the spleen and tail of the pancreas. Care is taken to avoid inadvertent pancreatic
injury. It is critical that the kidney is left undisturbed and the spleen/pancreas com-
plex is mobilized as a unit. This will be an avascular plane that opens with gentle
traction and blunt dissection. Gravity will aid in the anterior retraction of the spleen.
The left adrenal gland may be visible in thin patients (Fig. 12.4). Gerota’s fascia is
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opened to expose the adrenal gland. Dissection is carried on the inferior border of
the adrenal gland to identify the left adrenal vein as it drains into the left renal vein.
The left adrenal vein is then identified, clipped, and divided (Fig. 12.5). The inferior
phrenic vein may sometimes be seen as it joins the adrenal vein and may be pre-
served or transected, as necessary. Dissection is carried along the inferior border of
the left adrenal gland. Renal vessels will be nearby, and appropriate caution should
be taken to avoid their injury. Dissection is carried along the adrenal gland with
cautery separating the gland from the retroperitoneal and perirenal adipose tissue.
The superior pole of the kidney will become visible (Fig. 12.6). The adrenal gland
is placed in a laparoscopic collection bag and the incisions closed as described above.

Fig. 12.5 Transabdominal
left adrenalectomy. The
adrenal vein has been
clipped but not yet divided.
The left renal vein is
outlined by the dotted lines

Fig. 12.6 Transabdominal
left adrenalectomy. The
adrenal gland has been
almost completely
dissected free. The kidney
(long arrow) and renal
artery branches (short
arrows) are seen
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Retroperitoneal Adrenalectomy

Retroperitoneoscopic adrenalectomy was first described in 1995 by MK Walz [30].
This approach may be favored in patients with prior abdominal surgeries and is
feasible in the obese [31]. Patients may be positioned in the lateral or prone genu-
flect position. A large series by Walz of over 500 retroperitoneoscopic adrenalecto-
mies showed excellent outcomes with zero mortality and 1.3% risk of major
complications [32]. Several groups have compared laparoscopic transabdominal
versus retroperitoneal adrenalectomies [33-35]. While some have favored retroperi-
toneal adrenalectomies for decreased operative times, blood loss, and hospital
length of stay, others have found no significant difference, particularly in terms of
complication rates [33-35]. The Society of American Gastrointestinal and
Endoscopic Surgeons recommends that surgeons need to perform the approach they
are more familiar with and provide the best outcomes in their practice [36].

The patient is placed in the prone genuflect position with all pressure points
padded. A 1.5-2 cm incision is made at the tip of the 12th rib, and dissection is
carried bluntly to the retroperitoneal space. The initial working space is opened
with blunt dissection with the surgeon’s finger. Lateral and medial to this incision
are two laparoscopic working trocars placed using finger guidance. A sealing bal-
loon or another trocar is placed in the initial incision, and the retroperitoneum is
insufflated to 20 mmHg to create a working space. The space is further developed
using blunt dissection over the superior pole of the right kidney retracting the
kidney caudally and laterally. The inferior aspect of the adrenal gland is identi-
fied and completely dissected off the superior pole of the kidney and retracted
cephalad (Fig. 12.7). If operating on the right side, the adrenal vein is identified
at its insertion to the IVC medially and ventrally. If operating on the left side, the
renal vein may be identified and the adrenal vein is recognized as it enters the

Fig. 12.7 Posterior
retroperitoneal left
adrenalectomy. Early view
of the left adrenal gland
(arrow)
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Fig. 12.8 Posterior
retroperitoneal left
adrenalectomy. The
grasper holds the adrenal
vein. A left inferior phrenic
vein can be seen joining
the left adrenal vein
(arrow)

renal vein. On the left, the inferior phrenic vein is often seen as it enters the adre-
nal vein (Fig. 12.8). The adrenal vein is dissected circumferentially, clipped, and
divided. The adrenal gland is dissected off its retroperitoneal attachments superi-
orly and laterally using cautery or an energy device. The gland is removed in a
collection bag.

Robotic Adrenalectomy

Robotic surgery has become increasingly common in elective procedures.
Adrenalectomy is often performed with robotic assistance, either via the transab-
dominal or retroperitoneal approach. There is still debate on the benefits of robotic
surgery over laparoscopy in adrenal surgery. Overall, there appears to be no differ-
ence in overall complications, with some studies favoring decreased blood loss and
length of stay for robotic surgery while increasing costs [37, 38]. We prefer to use
the robot for the transperitoneal approach because of improved visualization, dex-
terity, and ability to handle difficult situations such as a vascular injury. However,
we agree that the cost is higher and improved patient outcomes have not been clearly
shown. We do not use a non-robotic accessory port because of the limited working
space, though many surgeons do use an accessory port. With the posterior approach,
the available space between ports is very limited. For that reason, the use of a robot
may be difficult or impossible. Certainly, older robotic systems are particularly
problematic because of bulk. Newer, single-port systems might prove especially
useful for the posterior retroperitoneal approach. For now, we prefer not to use the
robot for the posterior approach (Fig. 12.9).
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Fig. 12.9 Typical
aldosteronoma showing the
classic golden-yellow color
of a cortical adenoma. The
specimen has been inked

SPECIMEN

Partial Adrenalectomy

An adrenal sparing approach has been suggested in patients with unilateral APAs
detected on imaging studies. Proponents of this approach note decreased risk of
adrenal insufficiency with comparable cure rates and no increase in complications
[39, 40]. However, results are mixed. Other groups have shown increased rates of
persistent aldosteronism after partial adrenalectomy [41-43]. These groups demon-
strate two findings: (1) sectioned specimens show hyperplastic nodules at resection
margin adjacent to targeted adenoma and (2) nodules detected on imaging studies
are not always APAs, even with ipsilateral AVS lateralization, likely secondary to
the former. While data has shown improvement in subclinical transient hypocorti-
solism with partial adrenalectomy when compared to total adrenalectomy (11.5%
vs 25%, p < 0.001), rates of clinically significant adrenal insufficiency requiring
supplementation are equivalent (2.6% vs 1.9%, p = 0.489), with no patients devel-
oping persistent hypocortisolism in either group [39]. Present guidelines recom-
mend against partial adrenalectomy in PA given the risk of persistent
hyperaldosteronism without significant benefit over total adrenalectomy [3].

Complications

Laparoscopic adrenalectomy is a safe procedure with a 30-day mortality of <1%
and morbidity of 6.8-14.4% [32, 44, 45]. A granular data with regard to the compli-
cation grade and specific type of complications are generally lacking. Surgical mor-
bidity after laparoscopic adrenalectomy can be classified in common complication
categories as in other types of abdominal procedures: bleeding, injury to adjacent
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structures, conversion to open (for minimally invasive approaches), thromboem-
bolic events, infections, cardiac events, pulmonary complications, complications
related to anesthesia and positioning, and nerve injuries, among others. Medical
complications related to adrenalectomy specific to primary aldosteronism may also
be observed: clinically significant hyperkalemia and adrenal insufficiency requiring
medical treatment.

Bleeding complications occur <4% in laparoscopic adrenalectomy [46, 47].
Careful dissection along the IVC and left renal veins must be undertaken with care-
ful liver and splenic retraction to minimize events of major hemorrhage from vascu-
lar or parenchymal injury. In fact, while rates of conversion from laparoscopy to
laparotomy are <5%, open conversion is most associated with bleeding, less com-
monly due to extensive adhesive disease, visceral injury, and suspicion of malig-
nancy [45, 47, 48]. Others have noted higher rates of bleeding in the right-sided
procedures while injury to adjacent organs was higher on the left side [47]. Failure
to respect the short right adrenal vein and careless dissection along the IVC on the
right or the inferior pancreatic border on the left can account for major bleeding
complication. Rates of pulmonary complications, postoperative infections, throm-
boembolic events, and cardiac events approach 1% or less each [44]. Drains are not
placed at the time of adrenalectomy but may be warranted in the event that a pan-
creatic injury is suspected as this facilitates a control of the pancreatic fistula.

Following adrenalectomy, hyperkalemia has been observed in up to 6.3% of
patients secondary to contralateral suppression of aldosterone secretion with about
one third of these patients requiring mineralocorticoid replacement therapy [49].
Adrenal insufficiency requiring steroid supplementation may occur in up to 2.6% of
patients [39].

Postoperative Care

Following adrenalectomy, electrolytes should be monitored to observe for develop-
ment of hyperkalemia [3]. To minimize undesired hyperkalemia, potassium supple-
ments and mineralocorticoid receptor antagonists should be stopped, balanced
crystalloid solutions without added potassium should be used for intravenous fluid
therapy, and a low-potassium and high-sodium diet is recommended [50]. If hyper-
kalemia does not resolve spontaneously, mineralocorticoid replacement is neces-
sary and continued outpatient monitoring is warranted [50]. Serum aldosterone
concentration and renin activity should be measured after surgery to ensure normal-
ization of the aldosterone/renin ratio as evidence of biochemical response [3].
Finally, antihypertensives should be held and stopped if appropriate, keeping in
mind that it may require up to 3 months for hypertension to resolve after surgery
[51]. Patients should be reassessed annually with measurement of blood pressure
and serum potassium levels [10].
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Chapter 13 m
Surgical Management of Primary
Hyperparathyroidism

Check for
updates

Megan Elizabeth Lombardi and Jen Jen Yeh

Preoperative Planning

Initial laboratory evaluation of a patient presenting with either symptoms or a chem-
ical diagnosis of primary hyperparathyroidism should include 25-hydroxyvitamin
D, 24-hour urine calcium measurement, DEXA scan, and supplementation of vita-
min D deficiency when appropriate. The hallmark biochemical sign of primary
hyperparathyroidism is hypercalcemia associated with high or inappropriately nor-
mal PTH levels. A 24-hour urine calcium level can be useful to help distinguish
familial hypocalciuric hypercalcemia from primary hyperparathyroidism [1, 2].

While parathyroid imaging is not required for diagnosis, it should be used as an
adjunct for surgical planning [3]. Most cases of primary hyperparathyroidism are
caused by a single adenoma (80%) or multi-gland hyperplastic syndrome (20%),
and the type of operation offered to patients is based on the ability of the surgeon to
preoperatively localize the diseased gland(s) [4]. Negative or equivocal preoperative
imaging may push the surgeon into performing a full bilateral neck exploration
which comes with additional risks. Currently, no set imaging guidelines exist, and
instead, guidelines depend on several factors including institutional capabilities,
radiology expertise, and surgeon preference [5].
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Imaging
Ultrasound Evaluation

Ultrasound is a fast and low-cost method of detecting grossly abnormal parathyroid
glands while the patient is in the clinic. It is especially useful for quickly identifying
abnormal glands, which are usually vascular hypoechoic oval or bean-shaped struc-
tures. Ultrasound can also provide additional anatomic information such as relation
to nearby structures [6]. However, ultrasound examinations are limited when the
thyroid gland is diffusely enlarged as high-resolution transducers have limited path
length through the gland [7].

Nuclear Medicine Imaging Techniques

Preoperative technetium-99m-labeled sestamibi scans accurately localize the hyper-
active parathyroid lesion or adenoma in 70-85% of the cases but do not provide
detailed anatomic information given that they are two-dimensional planar images.
Sestamibi scans are performed by injecting a radiotracer which is initially taken up
by both the parathyroid glands as well as the thyroid but is retained by the mito-
chondrion-rich oxyphil cells of the hyperactive parathyroid gland which persist on
delayed phase imaging [8].

SPECT/CT has an advantage over planar sestamibi scintigraphy as it combines
the measurement of gamma radiation with anatomic images from multiple angles.
SPECT/CT has been shown to have a >94% positive predictive value for the
presence of adenoma and correctly showing the laterality of the lesion. The fusion
of the SPECT and CT images also allows for better visualization of anatomic
structures and ectopic/mediastinal parathyroid adenomas as well as showing the
functional status of the glands (Fig. 13.1). However, patients with negative scans or
multi-gland disease have higher rates of operative failure, and disease patterns are
not as well predicted. Therefore, multiple imaging modalities can be used in combi-
nation to achieve an accurate preoperative diagnosis [9].

Dynamic Computed Tomography

Historically, ultrasound and technetium-99m-labeled sestamibi scintigraphy have
been the two most used imaging modalities. While studies have shown they have
similar sensitivities and specificities in identifying solitary parathyroid adenomas,
they struggle at accurately outlining multi-gland disease [4—6]. Recently, this strug-
gle has become more important since minimally invasive surgical techniques have
created a need for more precise localization of the parathyroid lesion. This has led
to the development of a 4-dimensional (4D) CT which has started to shift the para-
digm of preoperative imaging in hyperparathyroidism [4, 10]. 4D CT has emerged
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Fig.13.1 CT (a) versus SPECT/CT (b) demonstrating the increased localization utility of SPECT/
CT over standard CT images. Arrows show the hyperactive parathyroid despite a slight misregis-
tration of the SPECT images. Below (c) is the corresponding parathyroid gland being resected
using a minimally invasive approach

as an imaging modality to help identify diseased glands in patients with a history of
previous neck surgery, mild hyperparathyroidism, and multi-gland disease and in
those with negative sestamibi and ultrasound studies (Fig. 13.2). In 4D CT, images
are acquired prior to the administration of iodinated contrast and in the arterial and
delayed phases. Lesions are identified based on anatomic and attenuation character-
istics which are beyond the scope of this chapter. 4D CT has been shown to improve
preoperative localization in both single and multi-gland disease when compared to
sestamibi SPECT/CT alone [5]. In patients with persistent or recurrent primary
hyperparathyroidism after surgical intervention, there may be a role in undergoing
both sestamibi SPECT/CT and 4D CT [5].

Fine Needle Aspiration with PTH Wash

In some cases, preoperative imaging may not be able to distinguish parathyroid
adenomas from thyroid nodules, which can also concentrate sestamibi. A highly
accurate preoperative localization technique that may be especially useful under
this circumstance is an US-guided fine needle aspiration (FNA) with PTH wash.
This may allow more patients to benefit from minimally invasive techniques,
especially at centers without the capability to perform intraoperative PTH monitoring
(IPM). FNA with PTH wash has a 91-100% specificity and a 91-100% sensitivity,
allowing surgeons to preoperatively characterize the nature of a mass, distinguish
parathyroid tissue from lymphoid tissue or thyroid nodules, and plan for directed
surgical intervention [11, 12]. An FNA with PTH wash is considered positive when



190 M. E. Lombardi and J. J. Yeh

Fig. 13.2 In a patient with a non-localizing SPECT/CT, 4D CT shows the candidate with delayed
washout compared to the vasculature on the delayed phase (arrows) (a). Top right (b) is the cor-
responding US of the parathyroid candidate adjacent to the carotid sheath (arrow). Bottom right
(¢), operative photograph of the parathyroid candidate (white dashed circle) adjacent to the internal
jugular vein (black lines)

the concentration of the PTH in the FNA sample is higher than the serum PTH level
[12]. Using this technique, PTH wash successfully identified the lesion in 40 of 45
patients with coexisting nodular thyroid disease, showing its usefulness in this
situation [11]. However, FNA with PTH wash continues to be a newer technique
and lacks the standardization needed to be studied in randomized controlled trials.

Preoperative Medical Optimization

Besides imaging, the other major portion of preoperative planning for parathyroid
surgery involves medical management, specifically vitamin D and calcium
optimization. The most basic method of controlling calcium includes adequate
hydration to prevent contraction hypercalcemia. Calcium intake does not need to be
limited in preoperative patients with primary hyperparathyroidism, but vitamin D
levels should be monitored closely as decreased vitamin D can accentuate PTH
elevations. Correction of vitamin D levels is the recommended method of reducing
bone turnover, fractures, and falls preoperatively as well as preventing hungry bone
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syndrome postoperatively [13, 14]. Cholecalciferol in weekly doses of 50,000 IU
for 1 month followed by monthly doses of 50,000 IU has been shown to lower PTH
levels without increasing calcium nor requiring the need for additional calcium
supplements [13, 14].

Indications

Parathyroidectomy is the only definitive treatment for primary hyperparathyroid-
ism, and even asymptomatic patients may derive benefit from surgical intervention.
Observation and medical therapy are both less effective and less cost-effective due
to the potential deleterious effects of long-term hypercalcemia [1].

Indications for parathyroidectomy have been debated over the years but recent
guidelines have shown that definitive care should be recommended and carried out
in those individuals who meet the following criteria: age < 50 years old,
hypercalcemia consistently >1 mg/dL above normal, fractures, renal stones,
hypercalciuria, or T-score <—2.5 at any bone site [1, 4]. Surgery may be considered
in patients who do not meet the above criteria but have no medical contraindications
and have had thorough discussions with their surgeon, primary care provider, and
endocrinologist who are all in agreement with an operative plan [4].

Parathyroidectomy should ideally be performed by experienced surgeons at high
volume centers as data has shown that the volume of operations inversely correlates
with complications, cost, and length of stay [1, 15].

Contraindications

Parathyroidectomy is not recommended in patients in whom the risks of anesthesia
and surgery outweigh the benefits. In patients that have significant comorbid
diseases, refuse surgery, or simply do not meet the indications, the recommendation
is to forego operative intervention and instead pursue medical management [1, 16].
However, patients with even mild disease should understand that their symptoms
will possibly progress over time and surgery may be needed at some point in the
future [1].

For those who do have contraindications to surgical intervention, 25-hydroxyvi-
tamin D levels should be closely monitored. Cinacalcet, a calcimimetic, is the treat-
ment of choice for those with severe hypercalcemia who cannot undergo
parathyroidectomy. Cinacalcet lowers serum calcium with only a modest effect on
PTH levels and no change to bone mineral density (BMD). Bisphosphonates are one
medication that may be used to improve BMD at the lumbar spine without altering
serum calcium concentration [16].
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Surgical Interventions

Bilateral Cervical Exploration

While a bilateral cervical exploration (BCE) has historically been the operation of
choice for primary hyperparathyroidism with up to a 98% success rate, advancements
in imaging and localization techniques have allowed minimally invasive techniques
to largely supplant BCE for preoperatively localized glands [1, 17, 18]. BCE now
shares the co-gold standard with the targeted parathyroidectomy as single adenomas
are routinely identified preoperatively [19]. Long-term cure is defined as a > 50%
intraoperative decrease in PTH and a normal-to-low serum calcium level 6 months
postoperatively [1, 8, 20]. While minimally invasive techniques have been embraced,
all surgeons should be trained to perform a BCE given the propensity for patients
with seemingly only a single adenoma to have occult multi-gland disease. In patients
with sporadic disease, equivocal preoperative scans, or concurrent thyroid disease,
a BCE can be performed with high likelihood for success and cure [16].

Minimally Invasive Techniques

Minimally invasive parathyroidectomy is a feasible operation for patients who have
primary hyperparathyroidism secondary to an isolated adenoma, which is the case
in approximately 80% of hyperparathyroidism cases [3, 20, 21]. Combining
preoperative sestamibi SPECT/CT scans along with intraoperative localization
techniques has made minimally invasive techniques safer and more attractive to
both surgeons and patients. One study found that complications of BCE and
minimally invasive techniques are similar but incision size, operating time, hospital
stay, and postoperative analgesia were all significantly reduced in the minimally
invasive group, suggesting that minimally invasive approaches should be the
operation of choice for patients when possible [21].

Indications for robotic parathyroidectomy are limited. It is considered in patients
with single gland disease, a BMI < 30, and an axillary to sternal notch distance of
less than 17 cm. Absolute contraindications to robotic surgery include prior neck
surgery, significant thyroiditis, or bulky thyroid disease [18]. In this highly selected
patient population, robotic surgery has been shown to be equivocal to open surgery
in terms of cure [19]. One benefit of the robotic technique is that it allows the patient
to avoid a neck scar as most surgeons use an axillary or infraclavicular technique.
Avoiding a neck scar can lead to increased patient satisfaction and offer a more
appealing operative plan for patients with the propensity to form keloids or
hypertrophic scar. Overall, robotic parathyroidectomy will continue to be a niche
surgical intervention given its equivocal outcomes with only cosmetic benefits
along with a high operative cost and steeper learning curve [19, 22].
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Autotransplantation

Autotransplantation, first described in humans by Lahey in 1926, is a preventative
measure taken intraoperatively when the parathyroid tissue viability is questioned
due to concern for devascularization of the remaining glands in order to minimize
postoperative  hypoparathyroidism leading to hypocalcemia [1, 23].
Autotransplantation is generally not required when surgical intervention is being
done for primary hyperparathyroidism with a single or even double adenoma as
there are normal glands left behind. If there is universal hyperplasia of the parathyroid
glands, the goal is a subtotal parathyroidectomy where 3.5 glands are removed
leaving behind approximately 50 mg of tissue which is either left in its anatomic
location or moved to an easier-to-access location. If patients continue to have
hyperparathyroidism, a second operation with transplantation of the parathyroid
tissue to an area of the body easier to access, such as the arm, is a viable option. If
a total parathyroidectomy is being performed, autotransplantation must occur to
prevent lifelong hypoparathyroidism [23].

Currently, two methods of autotransplantation exist: immediate and delayed.
Delayed autotransplantation is useful in patients who have a substantial risk of
postoperative hypoparathyroidism, including those who are undergoing a BCE for
parathyroid hyperplasia or those undergoing repeat operative intervention for
persistent or recurrent disease [23]. Cryopreservation was first discussed in 1974
and has been extensively researched to improve methods of preservation and
therefore increase success rates. Guerrero found that the viability of parathyroid
tissue is significantly improved if reimplanted in under 24 months as the parathyroid
tissue may have a better ability to promote angiogenesis spontaneously via vascular
endothelial growth factor (VEGF) within this time frame [23, 24]. However, Borot
found that only 1.6% of patients who had cryopreservation underwent future
autotransplantation which allows room for debate of both the practicality and
usefulness of routine cryopreservation [23, 25].

Intraoperative PTH Monitoring and Localization

IPM is a technique that allows for increased cure rates (97-99%) and for surgeons
to be able to remove a single diseased gland without additional dissection given that
PTH has a half-life of only 3.5—4 min. This allows confidence that the pathologic
gland or adenoma was completely removed prior to leaving the operating room
without the need to visualize all other glands. The Miami criteria requires that the
PTH falls by 50% when compared to the highest pre-manipulation or pre-excision
blood sample to ensure the lesion was fully removed [3].

As sestamibi is taken up by the parathyroid tissue, it becomes retained in the tis-
sue and allows for the use of an intraoperative gamma probe to identify parathyroid
tissue, an alternative form of intraoperative localization. Intraoperative sestamibi
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gamma probing is able to detect both parathyroid adenomas and hyperplastic
parathyroid tissue even in the setting of a negative preoperative sestamibi scan with
an accuracy of 90.5% [8, 26]. This allows surgeons to use the most minimally
invasive technique as possible while ensuring that the diseased parathyroid tissue is
removed to completion. Conventionally, preoperative imaging in conjunction with
IPM is the surgical standard for ensuring a successful parathyroidectomy. However,
controversies exist when hyperparathyroidism is present alongside concomitant
thyroid disease as sestamibi can concentrate in thyroid adenomas or multinodular
goiters making preoperative localization of parathyroid adenomas difficult [11, 12].
As discussed above, one highly accurate preoperative localization technique gaining
popularity is the ultrasound-guided FNA with PTH wash which has potential to
reduce surgical time, decrease complication rates, decrease need for reoperation,
and allow more patients to benefit from minimally invasive techniques especially at
centers without the capability to perform IPM. With its 91-100% specificity and
sensitivity, it allows surgeons to confidently preoperatively characterize the nature
of a mass, distinguish parathyroid tissue from lymphoid tissue or thyroid nodules,
and plan for directed surgical intervention [11, 12]. A PTH wash is extremely
helpful in those patients with both parathyroid and thyroid disease and can help the
surgeon ensure all of the diseased gland(s) are being removed [11].

Complications

While complications continue to exist and will always exist for any operative pro-
cedure, the complications associated with parathyroidectomy have continued to
decrease [15]. Many of the complications of parathyroidectomy are universal to all
surgical procedures and include infection, hematoma, and seroma. While wound
infections are rare after parathyroidectomy, they can occur especially in the setting
of hematoma which occur in approximately 0.5% of cases [27]. If there is any sign
of airway compression in the setting of postoperative cervical hematoma formation,
the patient should be taken back to the operating room for controlled emergency
decompression [1].

Other known morbidities associated with parathyroid surgery include recurrent
laryngeal nerve (RLN) injury and transient hypocalcemia [1, 17]. The risk of a RLN
injury, which can manifest on a spectrum ranging from voice hoarseness to difficulty
breathing due to the paralysis of the ipsilateral posterior cricoarytenoid muscle, is
reported to be less than 1% [16]. When a RLN transection or injury is identified
intraoperatively, a reinnervation procedure should be attempted [1].

Moderate hypocalcemia is one of the greatest risk factors approaching 15-30%
of patients and is generally transient in nature and not a reason for inpatient post-
operative care [16]. This may manifest as perioral numbness/tingling, upper
extremity paresthesia, prolonged QT interval on EKG, altered mental status, and
seizures [1, 23]. Most patients who experience hypocalcemia do so on postopera-
tive day one or two with the majority showing signs and symptoms by
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postoperative day four [28, 29]. Hypocalcemia is usually easily treated in the out-
patient setting with adequate calcium and vitamin D supplementation. Studies
show that minimally invasive techniques have a lower incidence of hypocalcemia
than BCE [1, 3, 16].

The risk of permanent hypoparathyroidism, defined as permanent when persist-
ing for at least 12 months after parathyroidectomy, continues to be a rare complica-
tion affecting up to 3.6% of patients [17]. Operative failure, defined as failure to
achieve normocalcemia within 6 months of surgery, is a possibility when the incit-
ing gland is not located or multi-gland disease is present but noted at the time of
initial surgery [1].

To accurately record and document complications associated with surgery,
patients should be followed for at least 6 months postoperatively and undergo regu-
lar blood testing including calcium, PTH, and 25-hydroxyvitamin D levels. Better
assessment of prolonged hypoparathyroidism and permanent recurrent laryngeal
nerve effects may be made at a 6 month follow up visit [1].

A rarely described but fairly common complication (~30%) of parathyroidec-
tomy performed for primary hyperparathyroidism is transient thyrotoxicosis even
without any evidence of underlying thyroid disease [30, 31]. It will generally occur
within days to weeks and is clinically mild or even silent but can cause serious
arrythmias in some patients [30]. Symptoms most commonly include restlessness,
agitation, atrial flutter, or other supraventricular arrythmias, and the mechanism is
thought to be related to transient thyroid hormone release due to intraoperative
manipulation of the gland [30, 31]. While very few studies and case reports exist on
this complication, it appears that few patients require medications. Most patients
have full, spontaneous resolution within 2 weeks but occasional reports of symp-
toms persisting up to 3 months have been seen [30]. The true frequency of this
complication however is unknown given that most patients who develop thyrotoxi-
cosis have full resolution within 4-6 weeks and therefore the window of diagnosing
in the postoperative period is limited [31].

Postoperative Care

The most common issue regarding postoperative care after parathyroidectomy is
symptomatic hypocalcemia which tends to be transient and mild [1, 3]. Many sur-
geons institute a postoperative calcium supplementation plan for all patients to help
eliminate any risk of hypocalcemia [3]. While severe hypocalcemia is rare, many
patients may still require calcium and even calcitriol (1,25-dihydroxycholecalcif-
erol) for several weeks to months postoperatively [1].

Managing temporary hypoparathyroidism requires calcium, vitamin D, and
occasional magnesium which is slowly tapered as the body recovers [32]. Permanent
hypoparathyroidism is much more serious and requires more frequent monitoring to
decrease the risk of complications and morbidities. Clinical hypoparathyroidism,
defined as a PTH lower than the lower limit of normal (12 pg/mL) accompanied by
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hypocalcemia and hyperphosphatemia, includes the symptoms discussed above in
addition to lower extremity myoclonus, carpopedal spasm, weakness, headache,
nausea, and increased bone density.
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Chapter 14
Surgical Management of Hypercortisolism
from ACTH-Secreting Pituitary Adenomas

Justin C. Morse, Brian D. Thorp, and Adam J. Kimple

Introduction

Cushing syndrome (CS) is the constellation of findings that are noted from pro-
longed exposure to glucocorticoids. Typical findings include obesity, hypertension,
diabetes mellitus, and osteoporosis. CS may result from multiple causes including
immunosuppression with corticosteroids and adrenal tumors or form Cushing’s dis-
ease. Cushing’s disease (CD) results from a benign monomorphic pituitary cortico-
troph adenoma that secretes excessive adrenocorticotropic hormone (ACTH).
Increased ACTH stimulates secretion of cortisol by the adrenal glands, resulting in
supraphysiological levels of endogenous steroid resulting in the combination of
symptomatology and findings characteristic of CS.

CD is rare with an incidence estimated at one to two per million which limits
large studies of these patients [1]. These tumors remain challenging to treat for both
the surgeon and endocrinologist. Transsphenoidal adenomectomy (TSS) remains
the treatment of choice for the vast majority of patients with the concurrent goals of
biochemical remission and maintenance of pituitary function; however, remission
rates after TSS range from 65% to 80% [2, 3]. Unsuccessful treatment results in
reduced quality of life and increased mortality [4]. This chapter seeks to (1) discuss
the preoperative planning for surgical resection of ACTH-secreting pituitary adeno-
mas, (2) describe the endoscopic surgical technique for transsphenoidal resection of
sellar tumors, and (3) discuss the postoperative care of patients after resection of an
ACTH-secreting pituitary adenoma. For readers interested in a nuanced discussion
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of the pros and cons of different surgical and reconstructive techniques, we recom-
mend the text by Drs. Snyderman and Gardner entitled Master Techniques in
Otolaryngology — Head and Neck Surgery: Skull Base Surgery [5].

Diagnosis and Preoperative Planning

Patients with suspected CD presenting to a surgeon have usually already undergone
an extensive diagnostic workup including demonstration of elevated ACTH and cor-
tisol in combination with imaging evidence of a pituitary adenoma. However, several
diagnostic dilemmas exist that deserve special attention. ACTH-secreting pituitary
tumors are often discovered when they are quite small because of their potent bio-
logical/clinical effects. In fact, large case series indicate that over 90% of ACTH
adenomas are microadenomas with a mean diameter of 6 mm at the time of diagnosis
[6, 7]. As such it is not uncommon to have negative imaging or discordant biochemi-
cal and radiological studies leading to diagnostic uncertainty. Furthermore, the small
size and the lack of contrast between the adenoma and the surrounding pituitary
gland result in a negative magnetic resonance imaging (MRI) scan nearly 50% of the
time at diagnosis. New imaging techniques have sought to improve visualization of
these small lesions, and some have advocated for spoiled gradient recalled (SPGR)
acquisition MRI sequences. This imaging sequence has been suggested to increase
identification of adenomas to 65-80% at the time of diagnosis [8, 9].

Unfortunately, even with advanced imaging techniques, negative imaging
remains relatively common. Moreover, peripheral ACTH levels can be nondiagnos-
tic or discordant. To address these issues, inferior petrosal sinus venous sampling
(IPSS) has been advocated to help confirm a diagnosis and has been reported to help
localize laterality of the tumor at some centers [10, 11]. IPSS is based on anatomic
venous drainage of the pituitary gland which occurs laterally into the cavernous
sinuses and subsequently into the inferior petrosal sinuses. The short half-life of
ACTH leads to an ACTH concentration difference between the inferior petrosal
veins and the peripheral blood. As such, more concentrated blood can be sampled
from the direct venous drainage of the pituitary compared with sampling from the
systemic venous system. Furthermore, corticotropin-releasing hormone (CRH)
stimulation during inferior petrosal sinus sampling allows for improved diagnostic
confirmation of an ACTH adenoma [12]. Because cavernous sinus blood generally
enters the petrosal venous system unilaterally, bilateral sampling is recommended
[10]. Furthermore, because of the frequent ipsilateral lateralization of the pituitary
gland drainage, lateralization of ACTH concentration in the inferior petrosal sinuses
identified by bilateral assessment can also assist in the lateralization of adenoma
within the pituitary gland in some cases [10, 13]. It is important to note that in order
to avoid false-positive results, IPSS must be performed while the patient is hyper-
cortisolemic. If IPSS is performed in the absence of sustained hypercortisolism, the
normal corticotrophs are not suppressed and will respond to CRH leading to an
inferior petrosal sinus-to-peripheral ACTH gradient suggestive of CD, when in fact
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it should be normal [14]. While IPSS remains a successful tool in the diagnosis of
CD, its success remains quite operator dependent and varies substantially from cen-
ter to center [11, 15]. Ultimately IPPS has a diagnostic accuracy around 95% in
institutions with broad experience [11, 14, 16].

Indications for IPSS vary between centers; however, most institutions with
expertise in CS use this technique only in patients with ACTH-dependent CD that
has conflicting results of noninvasive endocrine evaluation, discordant biochemical
and radiological studies, or negative pituitary MR imaging [6].

Once the diagnosis is confirmed, further preoperative planning for any suspected
pituitary tumor including those with ACTH secretion is approached in a similar
fashion. A multidisciplinary approach remains paramount to achieving a successful
surgical outcome. While imaging has been obtained for the identification of tumor
location, separate imaging should be performed for preoperative planning to be uti-
lized with intraoperative image guidance systems. Specifically, thin-slice MRI with
and without contrast as well as thin-slice (~0.6 mm) computed tomography of the
sinuses provides adequate visualization of the surrounding anatomic structures and
tumor location while further allowing utilization of image guidance surgical sys-
tems. Preoperative pituitary hormone labs including cortisol, TSH, IGF-1, and pro-
lactin are drawn for baseline values if not already obtained.

Indications and Contraindications

Apart from prolactinomas and a subset of growth hormone-secreting tumors, sur-
gery remains the first-line therapy for pituitary tumors, including ACTH-secreting
adenomas [17]. Few surgical contraindications exist and can be generalized as
comorbidities preventing safe administration of anesthesia or increased risk of sur-
gical bleeding. These include but are not limited to bleeding diatheses or anticoagu-
lation that cannot be safely stopped, uncontrolled hypertension, or significant
comorbidities that increase anesthetic risk to the point that risks of surgery outweigh
any potential benefit. Reducing intraoperative and postoperative bleeding risk is
particularly important in these cases as hematoma development can result in signifi-
cant morbidity including rapid vision loss, seizures, or other neurologic decline.

Surgical Technique

The origins of pituitary surgery have been reported as early as the seventeenth cen-
tury [18]. Modern resection of sellar masses is usually accomplished via the trans-
nasal approach as opposed to transcranial or transfacial approaches. Historically
these transnasal approaches were performed with a microscope, but contemporary
management generally consists of endoscopic transnasal resection [6]. Equivalency
of the transnasal endoscopic approach compared to the transnasal microscopic



202 J. C. Morse et al.

approach is well documented [19]. Furthermore, current evidence appears to favor
the endoscopic approach for multiple reasons including improved visualization and
improved access and some reports detailing improved resection outcomes/lower
recurrences [20]. ACTH-secreting pituitary adenomas are effectively managed with
endoscopic techniques, and the authors herein describe this surgical approach.

Approach

An understanding of endoscopic transsphenoidal surgical resection of sellar tumors
including ACTH-secreting tumors relies on an intricate understanding of both nasal
and sellar anatomy. We describe a brief overview of the endoscopic/intranasal ana-
tomic landmarks utilized for this approach and the surgical technique. Resection of
these tumors remains a team-based approach with both the otolaryngologist, spe-
cifically those subspecializing in rhinology and endoscopic skull base surgery, and
a neurosurgeon. We will focus specifically on two key components of this surgery:
(1) the intranasal approach and (2) the sella and its corresponding anatomy to a
transsphenoidal approach for resection of an ACTH adenoma.

The intranasal cavity is the space between the vestibule of the nose and the choa-
nae. The nasal passages are separated in the midline by the nasal septum. This pas-
sageway provides access to several adjacent corridors including the surrounding
sinuses, anterior, middle, and posterior cranial fossa, craniocervical junction, and
the sella.

Herein we describe an overview of the endoscopic approach to the sella. A
0-degree endoscope is utilized to perform nasal endoscopy. The middle turbinates
are lateralized or removed thereby allowing visualization and access to the spheno-
ethmoidal recess and superior turbinate. The inferior 1/3 of the superior turbinate is
removed with cutting instrumentation allowing visualization of the natural os of the
sphenoid sinus which is medial to the superior turbinate approximately 1.5-2 cm
from the superior aspect of the choanae. If a nasoseptal flap reconstruction is
planned, the flap is raised at this point in the surgery and placed into the nasophar-
ynx (see sellar reconstruction techniques below). The os is entered and widened to
the planum of the sphenoid bone superiorly and laterally to the orbital apex
(Fig. 14.1). Opening of posterior ethmoid cells increases visualization. If a nasal
septal flap or rescue flap is going to be used for reconstruction, the inferior muco-
periosteum of the sphenoid face must be preserved to avoid injury of the posterior
septal branch of the sphenopalatine artery which courses 1 cm superior above the
top of the choanae and is the vascular pedicle for the nasoseptal flap that remains the
main workhorse for reconstruction.

With the skull base identified on one side, a superior septectomy of the posterior
nasal septum is performed to allow access to the contralateral sphenoid os. Bilateral
sphenoid access is obtained, and the contralateral face of the sphenoid is opened
resulting in a common sphenoid cavity. At this point the sphenoid intersinus septum
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Fig. 14.1 Endoscopic
transsphenoidal
visualization of the sella
and labeled osteologic
landmarks prior to the
opening of sella dura for
resection of ACTH-
secreting adenoma

is removed allowing wide visualization of the sellar osteology. Visualization of the
clival recess, sella, clival carotids, and lateral opticocarotid recesses is important
prior to performing any osteotomy (Fig. 14.1). With the surrounding anatomy visu-
alized, an osteotomy of the anterior face of the sella is performed to expose the dura
of the anterior pituitary gland. This exposure allows for transnasal instrumentation
and easy visualization of the surrounding anatomy to facilitate a safe tumor
resection.

Tumor Resection

Tumor resection requires a complete understanding of the sellar and parasellar
regions. This is a complex anatomic region that contains critical neurovascular
structures. A midline durotomy allows visualization of the tumor and pituitary
gland. Care should be taken to avoid entering the cavernous sinus. At times, a pseu-
docapsule surrounding the tumor can allow an extracapsular dissection, particularly
in ACTH-secreting tumors. A combination of curettes, suction, and grasping instru-
ments is used to remove the adenoma. Direct transsellar endoscopic visualization
facilitates gross total resection. In the setting of lateral dural invasion, the dura of the
cavernous sinus wall can be resected for removal of the entirety of an invasive
tumor. Further dissection may need to occur into the retro cavernous carotid space
as this is a common area for tumor to be missed. Once tumor resection is complete,
attention is turned toward the reconstruction of the skull base/sellar defect.
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Skull Base/Sellar Repair

While the nuances of skull base reconstruction are outside the scope of this chapter,
it is important to understand the two primary goals of sellar reconstruction: (1) sepa-
rating the intranasal cavity from the intracranial cavity for prevention of infection
and (2) preventing or stopping CSF extravasation. Sellar reconstruction can broadly
be thought of in two scenarios: (1) no intraoperative CSF leak and (2) with an intra-
operative CSF leak. Intraoperative CSF leaks can be classified as low-flow (not
originating from a CSF basin) and high-flow leaks (originating from a cisternal
space). The reconstruction of high-flow CSF leaks has higher complication rates
[21] and generally warrants a multilayer repair including an inlay graft and a vascu-
larized onlay nasoseptal flap. ACTH-secreting tumors have been shown to have
higher complication rates than non-secreting pituitary adenomas [6], and we gener-
ally advocate for a more robust reconstruction, such as the nasoseptal flap. If no leak
is encountered, reconstruction techniques are highly variable and surgeon depen-
dent. Several common reconstruction practices include abdominal fat graft [22],
synthetic dural inlay, an overlay mucosal graft, pedicled flap, or dissolvable packing
material alone [23].

Surgical Challenges

For ACTH-secreting pituitary adenomas, surgery can be complicated by negative
preoperative imaging, small adenoma size, complicating intraoperative localization,
or dural invasion. Preoperative identification of the tumor results in increased
chances of intraoperative identification and postoperative biochemical remission
[24]. If not identified preoperatively on MRI, systematic exploration of the pituitary
gland is often efficacious in identifying the tumor [25]. Interestingly, adenomas of
~3 mm or greater often develop a surrounding microscopic pseudocapsule that can
be used for tumor identification and facilitate selective enucleation [25, 26]. When
applicable, selective adenomectomy using the histological pseudocapsule to define
the boundaries achieves immediate and lasting remission in the majority of both
adult and pediatric CD patients [7].

When adenomas cannot be identified, a partial hypophysectomy or total hypoph-
ysectomy may be performed. Partial hypophysectomy involves either removal of
70-80% of the anterior pituitary lobe, leaving 20-30% attached to the pituitary
stalk, or removal of half of the anterior lobe corresponding to IPSS lateralization.
Partial and total hypophysectomies have similar biochemical remission rates with
the clear advantage of partial hypophysectomy as it allows most patients to retain
normal pituitary function and not require lifelong pituitary supplementation [27].

Dural invasion can result in non-curative outcomes. If dural invasion is lim-
ited to partial thickness invasion of the cavernous sinus wall, invaded portions of
dura can be removed safely, resulting in biochemical remission [28].
Unfortunately, if the adenoma extends through the dural wall leading to
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subsequent cavernous sinus invasion, surgery is unlikely to be curative, even
with gross total removal of the tumor from the cavernous sinus [7].

Postoperative Care

Postoperative care varies between institutions; however, in patients with CD, we
advocate for at least 24 h in the neurointensive care unit postoperatively. This allows
improved management of blood pressure and glucose. Urine output and osmolarity
are assessed for diabetes insipidus. In our practice, a lumbar drain is not routinely
utilized. Postoperative cortisol is measured on postoperative day 2 to confirm suc-
cessful resection. Nasal saline sprays are initiated on postoperative day 1, and nasal
saline irrigations are typically initiated after the first postoperative appointment.
During the surgical admission, a postsurgical MRI is obtained to serve as a new
baseline. Clinical follow-up is scheduled with otolaryngology at 1, 4, and 12 weeks
postoperatively for nasal debridement. Neurosurgical follow-up is recommended at
approximately 1 month postoperatively and endocrinology follow-up at 1-2 weeks.
Continuous positive airway pressure is avoided for 4 weeks following surgery.

Postsurgical endocrinological management deserves special attention. A suc-
cessful surgery results in postoperative hypocortisolism secondary to suppression of
the normal pituitary corticotrophs by long-standing hypercortisolism. Recovery of
the suppressed normal pituitary gland corticotrophs occurs over 6—12 months.
During recovery, it is crucial that patients receive physiological glucocorticoid
replacement. Restoration of function of the hypothalamic-pituitary-adrenal axis is
confirmed with a normal morning cortisol level and/or a normal cortisol response to
ACTH stimulation. At this point, steroid supplementation is discontinued.

While the goal of adenoma resection is to preserve normal pituitary tissue and
function, hypopituitarism occurs approximately 5% of the time [7, 27, 29].
Management of postoperative hypopituitarism includes pituitary functional assess-
ment with T4 and prolactin measurements 2 weeks after surgery. The pituitary is
considered functional if preoperative T4 and postoperative T4 are similar, and pro-
lactin is greater than 4 ng/ml. Treatment for CS-associated hypogonadism, relative
hypothyroidism, and low growth hormone is individualized to the patient and is
expected to resolve gradually over 6—12 months.

Surgical Complications, Unsuccessful Surgical Resection,
and Non-remission

Morbidity from transsphenoidal surgery has been estimated at 2—10% and mortality
at <2% which align with the rates seen in all pituitary surgery [29]. Complications
from surgery can broadly be divided into (1) rhinologic, (2) neurologic, and (3)
endocrinologic.
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Rhinologic complications include intranasal bleeding and infection. Postoperative
bleeding is rare and with a reported incidence of 0.6-3.3% [30]. In most cases,
postoperative bleeding can be stopped with the use of an intranasal hemostatic
agents and/or a vasoconstrictive nasal spray such as oxymetazoline. Bleeding
refractory to medical management or high-volume hemorrhage requires endoscopic
control in the operating room. The most severe form of postoperative infection is
meningitis, and it is estimated to occur <1% of the time [19, 31, 32]. Culture-
directed antibiotics are the primary treatment.

Neurologic complications include intraoperative damage to surrounding struc-
tures and postoperative CSF leak. Management of postoperative leak can be man-
aged using either with a revision skull base reconstruction or more conservative
methods depending on surgeon preference. Initial treatment with CSF diversion
using a lumbar drain can be successful [21]. If CSF extravasation persists despite a
lumbar drain, head of bed elevation and bed rest and additional surgical repair are
required. Additionally, neurologic complications primarily include carotid injury,
vision loss, or stroke [31].

Finally, endocrinologic complications result from manipulation and/or resection
of the normal pituitary gland. As discussed above, postoperative pan-hypopituitarism
occurs in <5% of patients. Berker et al. report endocrinologic complication rates of
570 pituitary adenomas with a rate of transient diabetes insipidus (DI) of 4.6%,
permanent DI in 0.4%, and inappropriate antidiuretic hormone secretion syndrome
occurred in 1.1% [6, 31].

Unsuccessful surgical resection is suspected in the absence of hypocortisolism
postoperatively. Most patients in remission from CD develop a glucocorticoid with-
drawal syndrome within 48 h of resection. Lonser et al. describe several reasons that
influence incomplete tumor removal: (1) the removal of an incidental adenomas
rather than the actual corticotroph tumor [33], (2) the removal of a site that appears
abnormal at surgery but proves to be a normal gland on histological inspection, and
(3) the incomplete removal of an ACTH-secreting adenoma due to inadequate resec-
tion or invasion into surrounding structures [6, 7].

When the actual tumor is not resected, revision surgery can be attempted to
remove the adenoma or remove additional anterior pituitary gland if no tumor is
identifiable. If pathology from the initial surgery demonstrates an ACTH-staining
adenoma, repeat surgery offers an excellent chance of complete resection [6, 34]. It
is important to note that if the gland is completely explored at the initial surgery or
there is invasion into the cavernous sinus, achieving remission with a revision sur-
gery is unlikely [6]. As such, medical therapy remains second-line treatment in the
scenario of unsuccessful surgery or when surgery cannot be performed. Medical
therapies include steroidogenesis inhibitors, corticotroph-directed agents, and glu-
cocorticoid receptor blockers [6]. Discussion of the use of each of these therapies is
outside of the scope of this chapter.

Another adjuvant treatment in the setting of unsuccessful surgical remission
is radiation therapy and can include either stereotactic radiosurgery or standard
fractionated irradiation [27, 35, 36]. Studies have demonstrated that both
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modalities are equally efficacious in treating CD [27, 36, 37]. The major risk
with radiation therapy is long-term pituitary hypofunction with reported rates of
up to 40% 10 years posttreatment [36].

Conclusion

ACTH-secreting pituitary tumors resulting in CD are generally small. Diagnosis
relies on imaging and lab workup. While diagnostic challenges exist, IPSS has sig-
nificantly improved the ability of confirmatory diagnosis and can assist with local-
ization of tumors not seen on imaging. Surgical management via an endonasal
transsphenoidal approach of ACTH-secreting pituitary adenomas resulting in CD
remains first-line therapy with excellent success at experienced centers. Surgical
complications are rare. The goals of surgery remain gross total resection resulting in
biochemical remission of hypercortisolism with simultaneous maintenance of pitu-
itary function. Non-remission remains a challenge, and options to treat this include
revision surgery, medical therapies, and radiation therapy.
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Chapter 15 m
Surgical Treatment of Pancreatic Islet
Cell Tumors

Check for
updates

Joseph Kearney, Jeffrey Johnson, and Hong Jin Kim

Introduction

The surgical management of functional pancreatic neuroendocrine tumors (PNETSs)
involves a multidisciplinary approach, including the patient, surgeon, medical and
radiation oncologists, radiologist, and endocrinologist. The goal of this chapter is to
provide an understanding of the evidence-based approach to the decisions regarding
surgical management of functional PNETs.

PNETs arise from the endocrine tissues of the pancreas, known as the islets of
Langerhans, although there is evidence of derivation from precursors arising
within the ductal/acinar system [1]. The neuroendocrine cells of the pancreas,
along with the exocrine acinar cells, ductal epithelium, and all other gut endocrine
cells, are derived from the endoderm as opposed to the neural crest or other ecto-
dermal tissues [2, 3]. PNETs account for 7% of all neuroendocrine tumors that
originate within the GI tract and 2% of all tumors arising from the pancreas. They
are rare, with an annual incidence of less than 1/100,000 [4]. The incidence of
PNETSs has been increasing over the last decade, likely secondary to the increased
use of cross-sectional abdominal imaging identifying small, nonfunctional tumors.
This belief is reinforced by postmortem autopsy studies showing an incidence of
0.8% to 10% [5].
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Diagnosis and Surgical Evaluation

Rationale for Surgery

Considerations guiding surgical resection of functional PNETs fall into two catego-
ries: oncologic and endocrine. Oncologic considerations depend on balancing the
long-term benefits of resection with the risks of surgery; these considerations
depend on tumor-specific factors that inform the risk of metastatic spread (pheno-
type, stage, grade, size, location), anatomy, and patient-specific factors including
age and comorbidities. This is tempered in some cases of genetic predisposition to
tumors where recurrent or multifocal disease diminishes the benefits of local resec-
tion (see below). In many patients with localized disease, complete resection is
curative. In patients with locoregional or metastatic disease, debulking surgery may
prolong life and provide local control of the tumor in anatomic areas that may be
compromised by a bulky lesion, e.g., porta hepatis, duodenum, and root of the mes-
entery [6-8]. Pancreatic surgery carries significant risks of morbidity and complica-
tion, and oncologic goals must be weighed against the functional status of the
patient and the perceived benefit of resecting tumors that may have an indo-
lent course.

Outside of oncologic considerations, resection may be used to manage the endo-
crine symptoms of secretory tumors. Even small lesions may produce morbid clini-
cal syndromes. In this case, surgery is the definitive management of local disease.
Again, the risks and benefits of surgery must be weighed against alternative treat-
ments, such as medical control of a hypersecretory syndrome, and patient factors. In
general, given both the oncologic and endocrine benefits, localized functional
PNETS should be resected in all patients who can tolerate surgery.

WHO 2017 Histological Classification

PNETS are categorized by histology into three broad categories: well-differentiated
neuroendocrine neoplasms (NEN), poorly differentiated neuroendocrine neoplasms,
and mixed neuroendocrine neoplasms [9, 10]. Functional neuroendocrine neo-
plasms all fall within the category of well-differentiated NEN. Well-differentiated
NEN are subcategorized into grades 1-3, which are defined by measures of prolif-
eration (mitoses or Ki-67). Ki-67 represents the most important prognostic patho-
logic factor. Poorly differentiated NEN, or neuroendocrine carcinoma (NEC), has
an aggressive course marked by frequent metastases at presentation and median
survival of less than 1 year despite therapy. Surgery is not considered beneficial for
this group of patients [11, 12]. High-grade, well-differentiated NEN have higher
rates of metastases and limited survival compared with grades 1 and 2. Previous
WHO classification had grouped grade 3 well-differentiated NEN with NEC; how-
ever, mounting evidence suggests distinct biology and behavior between the two
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diagnoses. The most recent classification distinguishes the two into separate catego-
ries [5, 10]. For treatment planning, high-grade well-differentiated NEN should be
considered on a spectrum with the other well-differentiated neoplasms, although the
poorer prognosis should be weighed when considering aggressive surgical therapies
[11,13, 14].

Functional PNET

The physiologic aberrances from functional PNETs are driven by the hormones
normally produced by islet cells, including insulin and glucagon, as well as gastrin,
somatostatin, and vasoactive intestinal peptide (VIP) [15] (Table 15.1). Functional
PNETs are classified by the hormones they produce, as they are associated with
discrete clinical syndromes and exhibit different anatomic distributions, natural his-
tory, and malignant potential. These factors affect the decision to proceed with
resection. Tumors with high malignant potential require anatomic resections and
consideration for lymphadenectomy. Benign tumors (insulinoma) and multifocal
tumors are more likely to be managed with enucleation. The specific diagnostic
workup for these tumors has been covered earlier in this book.

Insulinoma

Insulinomas are the most common hormone-secreting tumors, accounting for about
40-55% of functional PNETs. They are most often sporadic and benign, with fewer
than 10% being malignant. Insulinomas are distributed throughout the pancreas and
often small at the time of diagnosis, as the classic hypoglycemic symptoms (tachy-
cardia, light-headedness, fainting) lead to early presentation and diagnosis.

Table 15.1 Clinical characteristics of the hypersecretory syndromes associated with
functional PNETs

Insulinoma Gastrinoma | Glucagonoma VIPoma | Somatostatinoma
Occurance | 40-55% of 25-50% of | Rare Rare Rare (4% of
rate PNETSs PNETS PNETS)
Typical Throughout Gastrinoma | Body/tail Body/tail | Ampulla of Vater,
location triangle head/tail
Typical size | Small Small Large Large Large
at diagnosis
Malignancy | 10% >50% 80% 70% 80%
rate
Common Hypoglycemia | Zollinger- Dermatitis, Watery, Diabetes,
symptoms Ellison diabetes, secretory | gallstones,
syndrome stomatitis, diarrhea | diarrhea, weight
glossitis, loss
cheilosis
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Gastrinoma

Gastrinomas are the second most common, accounting for about 25-50% of func-
tional PNETS. Patients may present with Zollinger-Ellison syndrome, consisting of
abdominal pain, gastroesophageal reflux disease, refractory ulcers throughout the
small intestine, and diarrhea. In contrast to insulinomas, gastrinomas are more often
malignant (>50%) and can be multiple at presentation. Gastrinomas are frequently
small and difficult to localize; anatomically, most occur in the gastrinoma triangle,
whose points are defined by the second/third portions of the duodenum, the neck/
body of the pancreas, and the confluence of the cystic and common bile ducts. This
helps guide operative exploration when preoperative imaging is inconclusive.
Gastrinomas not located here are most often found in the body and tail of the pan-
creas or duodenum but have been found in various sites, including the ovaries.

Glucagonoma

Glucagonomas are malignant in 80% of cases. They are often large at presentation
and generally occur within the body or tail of the pancreas. They present with
migratory dermatitis, new-onset type II diabetes mellitus, and superficial oral symp-
toms, such as stomatitis, glossitis, and cheilosis.

VIPoma

VIPomas usually present as large tumors. They occur in the body and tail of the
pancreas and carry high malignant potential. Patients classically present with watery
secretory diarrhea that persists with fasting.

Somatostatinoma

Somatostatinomas are most often found in the head and tail of the pancreas. Metastatic
disease, commonly in the liver and peripancreatic lymph nodes, is present in up to
80% of patients at diagnosis. Patients typically present with new-onset diabetes mel-
litus, gallstones (from cholecystokinin inhibition), and diarrhea. Some patients also
show weight loss and hypochlorhydria (from gastric acid inhibition) [16].

Nonfunctional PNET

Management is different for functioning and nonfunctioning tumors in weighing the
benefits of nonoperative management. For nonfunctional tumors that do not require
resection to alleviate the effects of hormone hypersecretion, the oncologic benefit of
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resection is weighed against the risks of surgery. Many nonfunctional tumors are
incidentally identified and indolent, with only rare progression and disease-specific
mortality [17-21]. Observation for nonfunctional tumors is then considered in
select cases, where the risks of surgery are presumed to outweigh benefits. In the
setting of small, well-differentiated, incidentally discovered tumors, surgical and
patient factors may favor observation rather than resection. Rare functioning tumors
that produce hormones without an associated clinical syndrome (pancreatic poly-
peptide, human chorionic gonadotropin subunits, calcitonin, neurotensin) are con-
sidered as nonfunctional PNETs in this regard [22]. Current guidelines recommend
observation for nonfunctional lesions smaller than 1 c¢m, individualized risk and
benefit assessment for intermediate lesions 1-2 cm, and resection for lesions greater
than 2 cm [13, 23].

Hereditary Syndromes

Ten percent of PNETSs arise within the context of a broader hereditary syndrome [5,
24]. The most common genetic syndromes associated with PNETs are multiple
endocrine neoplasia type 1 (MEN-1) and von Hippel-Lindau disease (VHL)
(Table 15.2).

MEN-1

MEN-1 results from an autosomal dominant mutation in the menin gene, which has
multiple roles in tumor suppression [25]. Patients with MEN-1 present with Wermer
syndrome, which consists of parathyroid gland hyperplasia (95% prevalence), pitu-
itary tumors (30% prevalence), and PNETs (80-100% prevalence). In distinction to
sporadic tumors, patients with MEN-1 will develop multiple pancreatic lesions,
most of which will be nonfunctional NETs. While total pancreatectomy would be
effectively curative in this population and may in some cases be necessary if there
are multiple masses concerning for neoplasm or unmanageable functional syn-
dromes, the loss of pancreatic exocrine and endocrine function carries significant
morbidity and diminished quality of life and is generally avoided. The surgical
approach is more conservative for nonfunctional tumors, with active surveillance
for tumors smaller than 2 cm and medical management attempted for many

Table 15.2 Genetic syndromes predisposing to the development of PNET's

Multiple endocrine neoplasia

type I Von Hippel-Lindau syndrome
Gene Menin VHL
Primary Parathyroid gland hyperplasia, | CNS hemangioblastomas, clear cell renal
neoplasms pituitary tumors, pancreatic cell carcinoma, pheochromocytoma,
involved neuroendocrine tumors pancreatic neuroendocrine tumors
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functional tumors. In the setting of suspicious imaging features, rapid growth, size
over 2 cm, or functional tumors refractory to medical management, surgery is rec-
ommended [23, 26, 27]. This requires preoperative localization to plan parenchyma-
sparing approaches as opposed to anatomic resections.

About 80-100% of patients with MEN-1 will develop multifocal and nonfunc-
tional PNETS; however, roughly half of these patients also develop functional
PNETs [28]. Insulinomas and gastrinomas are the most frequently occurring func-
tional PNETSs, and these are often small and multifocal. In most cases, enucleation
is the preferred approach for both functional and nonfunctional PNETS that are
small, superficial, and easily localized. Anatomic resections are required for multi-
focal disease not amenable to enucleation or in the setting of concern of malignancy.
Pancreatic resection for gastrinemia without a discrete, localized mass is controver-
sial as gastrinomas are multifocal and often arise in the duodenum, rendering pan-
creatic resection nonbeneficial. These patients are managed more aggressively with
medical management, with surgery reserved for concern for malignancy or refrac-
tory medical symptoms [13].

Von Hippel-Lindau Syndrome

Von Hippel-Lindau syndrome (VHL) results from an autosomal dominant mutation
in the VHL tumor suppressor gene and is associated with hemangioblastomas in the
central nervous system (60—80% prevalence), clear cell renal cell carcinoma (30%
prevalence), pheochromocytomas (20% prevalence), and PNETs (9-17% preva-
lence) [29]. Patients with VHL frequently develop benign pancreatic lesions, most
frequently cysts, serous cystadenomas, and hemangioblastomas [30]. PNETs in
VHL are most frequently solitary and nonfunctional and have a better prognosis
than sporadic PNETs. Studies have demonstrated that specific mutations of VHL
may prognosticate which patients will develop metastatic PNET's and require opera-
tive intervention [31]. Reflecting this, the approach to surgery is more conservative,
with observation considered for masses smaller than 3 cm that exhibit slow growth
or low-risk mutations [13].

Preoperative Workup

Preoperative evaluation is necessary to determine whether surgery is indicated and
the specific surgery to be performed. This depends on the type of tumor, presence of
a genetic syndrome, anatomic location and local extent of the tumor, and presence
of regional and/or distant metastatic disease. For functional tumors, medical and
clinical workup and diagnoses have been covered in previous chapters. Patients with
a history concerning for MEN-1 should undergo genetic testing prior to surgery.
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The anatomic location and local extent of the tumor are best defined with multipha-
sic, contrast-enhanced cross-sectional imaging of the abdomen, including either CT
or MRI. Intravenous contrast timing is essential when there is a question of vascular
involvement and critical to assess the liver with arterial and portal venous phase
imaging. Functional imaging with somatostatin receptor-based methods (e.g.,
68 Ga-DOTATATE PET/CT or MRI) is useful to resolve diagnostic uncertainty on
cross-sectional imaging studies, to identify nodal involvement in normal or border-
line enlarged nodes, to localize occult tumors, and to identify metastatic disease and
serves as a useful adjunct to standard cross-sectional imaging in the preoperative
workup. It has particular utility in MEN-1 in identifying multifocal disease and
extrapancreatic tumors [32, 33] (Fig. 15.1).

Endoscopic ultrasound (EUS) with or without biopsy may be used in cases where
the information gained would alter the management of the patient. Cross-sectional
imaging with CT or MRI is usually sufficient to determine resectability with respect
to vascular structures. EUS and biopsy may aid in determining the extent of resec-
tion in the presence of multiple masses on cross-sectional imaging or to confirm the
diagnosis in equivocal cases. As regional lymph nodes will be resected at the time
of surgery, there is likely no benefit to sampling nodes prior to resection. EUS may
be useful as an adjunct to cross-sectional imaging in MEN-1 for identifying multi-
focal disease [34].

Fig. 15.1 DOTATATE PET CT scan for a 28-year-old man with MEN-1 with multiple pancreatic
neuroendocrine tumors. The patient had multifocal PNET with involved peripancreatic lymph
nodes (a and b), and underwent pancreaticoduodenectomy for a dominant 3 cm mass in the unci-
nate process (best seen in ¢), with final pathology demonstrating a well-differentiated, grade 2
neuroendocrine tumor with 5/26 lymph nodes positive
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Operative Approaches

Curative Intent

Resection of functional PNETsS serves the dual purposes of diminishing risks asso-
ciated with malignancy and definitively treating morbid endocrine syndromes. For
localized disease, the goal of surgery is removing the tumor with an RO resection,
i.e., negative margins with no residual microscopic disease [8]. For patients with
MEN-1, the surgical techniques and principles are the same, but the risk/benefit
analysis of surgery is different and is considered separately in section “MEN-1"
above. For most neuroendocrine tumors, an additional margin of normal soft tissue
is not required as the tumors are focal or discrete entities without the extensive infil-
tration seen in other malignancies such as pancreatic adenocarcinoma. The extent of
resection is then determined by the lesion’s malignant potential and, moreover, by
the anatomic location. The extent of resection is considered below.

The data is mixed for the value of regional lymphadenectomy. The prognostic
significance of lymph node metastases is unclear, although most surgeons would
remove suspicious nodes or nodes with biopsy-confirmed disease. Further, as the
risk of nodal metastases increases with the size of the primary lesion, lymphadenec-
tomy is recommended for tumors over 1.5 cm in size, although smaller tumors also
have significant rates of nodal metastases [35]. Studies have demonstrated conflict-
ing conclusions such as the presence of metastatic disease within lymph nodes is not
associated with overall survival [36-38], is associated with diminished disease free
survival [35, 39, 40], is associated with survival in T1-T2 disease with no benefit
seen with lymphadenectomy [41], or is associated with diminished overall survival
[35, 42]. Overall, formal lymphadenectomy should be considered in the case of
suspicion for nodal disease, in the setting of primary tumors larger than 1.5 cm or
with other high-risk features, and in the setting of formal pancreatic resections. This
may ultimately diminish later complications from tumor burden, although evidence
supporting an impact on survival is lacking.

Pancreatic Resections
Pancreaticoduodenectomy

More commonly referred to as the Whipple procedure, this is the standard of care
for tumors in the head and uncinate process of the pancreas, which are to the right
of the superior mesenteric vein (SMV)/portal vein (PV) confluence as it courses
posterior to the pancreas. The approach (open, laparoscopic, or robotic) is deter-
mined on a case-by-case basis and by the surgeon’s preference and experience. The
surgery includes en bloc resection of the pancreatic head and uncinate process,
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distal stomach and pylorus (classic pancreaticoduodenectomy), duodenum, proxi-
mal jejunum, distal common bile duct, and gallbladder. Reconstruction involves the
creation of several anastomoses, including gastrojejunostomy, hepaticojejunos-
tomy, and pancreaticojejunostomy. This surgery requires patency of the celiac trunk
with antegrade flow through the hepatic artery since the gastroduodenal artery
(GDA), which may provide collateral flow retrograde from the superior mesenteric
artery (SMA) through the plexus of pancreaticoduodenal vessels, is ligated. Masses
in the pancreatic head and uncinate process must be confirmed not to involve the
celiac trunk or common hepatic artery or aberrant arterial variants, potentially pre-
cluding resection. Pancreaticoduodenectomy is a morbid procedure with a relatively
high rate of perioperative complications, including most commonly pancreatic fis-
tula, delayed gastric emptying, wound infection, hemorrhage, pancreatic endocrine
or exocrine insufficiency, and pneumonia. Perioperative mortality is low in experi-
enced centers, with rates less than 3% [43].

Distal Pancreatectomy

Distal pancreatectomy or left-sided pancreatectomy is the preferred procedure for
patients with tumors to the left of the SMV/PV confluence in the body or tail of the
pancreas. If the tumor is not apparent on gross examination, intraoperative ultra-
sound is a useful adjunct to physical examination to assist with localization of the
tumor. The resection begins with dissection and delineation of the splenic artery
after its takeoff from the celiac trunk and splenic vein before the confluence with the
SMV. This is followed by dissection of the distal pancreas with ligation of the pan-
creas proximal to the tumor. Splenectomy is often performed in cases with bulky
masses or concern for malignancy necessitating regional lymphadenectomy and
must be accompanied by vaccination against encapsulated organisms to reduce the
risk of overwhelming post-splenectomy infections [44, 45].

Total Pancreatectomy

Complete resection of the pancreas is rarely seen in the surgical treatment of pan-
creatic neuroendocrine tumors and is almost exclusively employed for the manage-
ment of the multifocal disease in conjunction with a hereditary syndrome [46].
Patients undergoing this operation need counseling on the risks of labile insulin-
dependent diabetes that ensues following this operation. The resection consists of
removing the pancreatic head/body/tail distal common bile duct, duodenum, and
often the spleen. The reconstruction involves mobilization of the proximal jejunum
and two anastomoses: a hepaticojejunostomy and a gastrojejunostomy. There are
variations to this procedure, including duodenal and spleen preserving techniques,
which are beyond the scope of this text.
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Enucleation

Excision of a mass along its capsule within the pancreatic parenchyma is a common
approach to small nonfunctional tumors in the head of the pancreas, insulinomas,
and multifocal disease in the setting of MEN-1. Larger tumors, tumors with concern
for malignancy or nodal involvement, or tumors within 2-3 mm of the pancreatic
duct are not suitable for enucleation. These anatomic features are often determined
preoperatively with cross-sectional imaging but also verified intraoperatively with
ultrasound guidance. If a tumor is not amenable to enucleation, formal anatomic
resections are performed. Enucleation offers the benefit of preserved pancreatic
parenchyma at the risk of a higher rate of postoperative pancreatic fistulas [47].

Transduodenal Approach

Duodenotomy and local resection was investigated in the early 2000s for the man-
agement of small duodenal neuroendocrine tumors with some surgeons success-
fully resecting these lesions with endoscopic mucosal resections and laparoscopic
transduodenal resections. These approaches fell out of favor due to the prevalence
of lymph node metastases occurring in greater than 50% in patients with duodenal
NETs < 2 cm. At present, the standard of care for these lesions is a pancreaticoduo-
denectomy [48].

Nonlocalized Lesions

Exploration without preoperative localization almost exclusively occurs in the set-
ting of Zollinger-Ellison syndrome due to the need for swift control of the gastrin
secreting tumor, which may be small and/or multifocal. In other tumors, patients
can often be medically managed and followed with serial imaging until their pri-
mary tumors are visualized on imaging. Experienced surgeons are able to locate a
nonlocalized gastrinoma nearly 100% of the time using palpation, ultrasound, and,
if warranted, duodenotomy [49].

Intraoperative ultrasound is also used to identify masses that are not readily pal-
pated or identified on the surface of the pancreas. This modality helps to identify
and characterize small and/or multiple tumors and evaluate distance to the pancre-
atic duct in cases being considered for enucleation. This is particularly useful in the
setting of insulinoma, where the use of intraoperative ultrasound in combination
with preoperative modalities raises the probability of successfully identifying and
resecting small, solitary tumors to near 100% [50].
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Contraindications and the Management of Advanced
and Inoperable Disease

Surgery for Advanced Disease

Resection is contraindicated when the anatomic distribution of metastatic disease or
advanced local disease precludes surgery or when a patient is unable to tolerate
surgery due to medical risks. For pancreatic tumor resections in general, intraopera-
tive ultrasound can be employed to assist surgeons in defining key anatomical rela-
tionships to vessels throughout the progression of the surgery [51]. Locally advanced
tumors are inoperable if there is direct involvement of the celiac axis, SMAA, and/or
common hepatic artery. However, unlike pancreatic adenocarcinoma, PNETSs are
more likely to abut vessels without directly invading them, allowing resection even
in cases where masses appear to encroach on critical vessels [52]. Invasion of the
splenic artery and/or vein does not preclude surgery, and splenectomy may be a
necessary addition to pancreatic resection. Tumor involvement of the PV, SMV, or
adjacent organs (e.g., colon and stomach) also does not preclude resection, and
venous resection and reconstruction have comparable outcomes when performed at
an experienced center [53, 54]. Neoadjuvant therapies, including chemotherapy,
peptide receptor radionuclide therapy (PRRT), somatostatin analogues (SSA), and
radiation, have been employed to attempt to downstage tumors and facilitate resec-
tion with mixed success [55].

Numerous multimodal therapies may also be used outside the context of neoad-
juvant therapy to treat metastatic disease. The choice of therapy necessarily
involves a multidisciplinary discussion involving surgery, medical oncology, gas-
troenterology, and interventional radiology. The decision on a specific therapy
depends on a number of factors: prior therapies and surgeries, patient functional
status and comorbidities, extent and location of disease, health and volume of
liver, and patient and provider preference. Systemic therapies include SSA, cyto-
toxic chemotherapy, molecular targeted therapies (everolimus, small molecule
tyrosine kinase inhibitors, and bevacizumab), and PRRT. For liver-dominant meta-
static disease, a number of transarterial embolization approaches may be used to
limit tumor growth, including bland embolization, transarterial chemoemboliza-
tion (TACE), and transarterial radioembolization (TARE). Percutaneous or surgi-
cal-assisted ablation (radiofrequency ablation, microwave ablation, cryoablation)
may also be used to manage smaller lesions, generally <3 cm, that may be unre-
sectable or in patients unable to undergo liver resection. Liver transplantation is
not generally considered an available option for patients with unresectable meta-
static NET.
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Debulking and Palliative Resections

Metastases from PNETs typically involve regional lymph nodes and the liver. Bulky
primary lesions of the pancreas or regional lymph nodes are often symptomatic and
can lead to acute or subacute life-threatening complications in patients who may
otherwise live for years with metastatic disease. Such complications include gastric
outlet and bowel obstructions, bowel perforations, biliary obstructions and cholan-
gitis, pancreatitis, and hemorrhage. Palliative resection of the primary tumor may
increase survival through local control [8, 56-58]. Debulking may prolong life not
only by preventing anatomic complications but may decrease the rate of future
metastasis and increase the sensitivity to systemic therapies, including PRRT [59].

For metastatic functional tumors, effective debulking, generally greater than
70% of tumor load, may offer symptomatic relief from medically refractory hyper-
secretion syndromes and improve survival. Patient selection in this setting is diffi-
cult as patient factors, rate of disease progression, number and size of liver lesions,
anatomic distribution, prior therapies, and sites of extrahepatic disease may influ-
ence the decision to proceed with therapy. In addition, other local and regional ther-
apies must be considered in addition to or instead of surgery.

Other Operative Considerations
Cholecystectomy

Cholecystectomy should be considered at the time of resection in all patients and
should be performed in patients anticipated to receive somatostatin analogue ther-
apy unless there exists a specific contraindication. Somatostatin analogues are asso-
ciated with a significant increase in the risk of cholelithiasis and related complications
[60]. Additionally, patients who may undergo hepatic artery-directed therapies also
have a significant risk of cholecystitis [61]. Cholecystectomy at the time of PNET
resection is associated with a significant decrease in the rate of subsequent biliary
complications [60]. There are no data to support prophylactic cholecystectomy as a
separate operation in otherwise asymptomatic patients.

Perioperative Somatostatin Analogues

Somatostatin analogues are more frequently used during surgery for small bowel
NETs to prevent carcinoid crisis. Serotonin secretion has been reported during
resection of both functional and nonfunctional PNETSs, and there are case reports of
carcinoid syndrome in PNET, but there is no unambiguous evidence of surgery
prompting carcinoid crisis in PNETs [62—-64]. For functional PNETs, it is more
critical to manage the clinical hypersecretory syndromes to optimize patients for
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surgery, which may include the use of SSAs in addition to syndrome-specific man-
agement (discussed in a prior chapter). There is no role for perioperative SSAs for
the prevention of carcinoid crisis.

Postoperative Care and Complications after
Pancreatic Resections

Postoperative Care

Over the past decade, there has been a nationwide trend among institutions toward
the adoption of enhanced recovery after surgery (ERAS) pathways after abdominal
surgery, including pancreatic resections. ERAS is a multipronged, evidence-based
approach to optimize patient care before, during, and after surgery to optimize out-
comes for patients, including shorter lengths of stay, lower complication rates, and
better symptomatic management. These pathways often vary between institutions
but typically involve several core components [65]. In the preoperative period,
attention is given to identifying and optimizing comorbidities, functional status, and
nutrition using objective, validated tools. Patients are also counseled on what to
expect with their perioperative course so that patient expectations are in line with
both the expected postoperative course as well as potential complications.
Perioperative care includes utilizing objective measures to guide fluid resuscitation,
using of multimodal analgesia including neuraxial techniques, and pursuing mini-
mally invasive operative techniques as a given procedure allows. Postoperative care
focuses on expediting a return to functional recovery including early removal of
drains and tubes, reinstitution of enteral nutrition, early ambulation, and multidisci-
plinary discharge planning to ensure an optimal transition out of the hospital that
may prevent the need for readmission [65, 66].

Although the evidence supporting drain placement after pancreaticoduodenectomy
is mixed, recent retrospective studies support drain placement and following drain
amylase levels for the early detection of clinically relevant postoperative pancreatic
fistula (CR-POPF) [67, 68]. In a recent retrospective analysis, postoperative hemor-
rhage requiring either reoperation or endovascular repair occurred in 3.3% of cases in
the postoperative period. The complications most commonly requiring re-intervention
include GI complications from anastomotic issues and incisional hernias [69].

Postoperative Complications

Complications after complex resections involving the liver, biliary tree, and pan-
creas are not unexpected and frequently result after what would be considered a
technically optimal procedure. Complications in this setting are anticipated and
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proactively managed. The use of ERAS protocols and consolidation of technically
challenging procedures in high-volume centers helps to diminish rates of complica-
tions and improve outcomes [70].

Pancreatic Fistula

A common complication after pancreatic resection, with an average preoperative
risk of 15%, although varying greatly depending on operative risk factors, is the
development of clinically relevant postoperative pancreatic fistula [71, 72]. After
pancreatic resection, including both anatomic resection and enucleation, there is a
risk of failure of the transected pancreatic ducts to seal, allowing pancreatic fluid
with digestive proteases to leak. These leaks delay healing of the pancreas, impair
initiation of adequate nutrition, and may also result in prolonged drainage of pan-
creatic fluid. Factors associated with pancreatic leak include intraoperative blood
loss, gland texture (firm/soft), history of pancreatitis, and main pancreatic duct size
[71, 73]. Risks of pancreatic leak after enucleation approach those of pancreatico-
duodenectomy and distal pancreatectomy in some series [74, 75].

Leaks are categorized by clinical severity and range from asymptomatic (grade
A; detected on biochemical analysis of drain fluid), to involving escalation of post-
operative care (grade B; requiring drainage and medical management), to requiring
reoperation or resulting in single or multisystem organ failure (grade C) [76]. Grades
B and C leaks may cause infected intra-abdominal fluid collections, hemorrhage,
ileus and delayed gastric emptying, malnutrition, and wound complications.
Pancreatic fistula is most commonly managed with percutaneous drain placement,
if a drain was not left at the time of surgery; nutritional management with an effort
to reduce stimulation of pancreatic secretion through low-fat and low-protein diets
or total parenteral nutrition; and use of somatostatin analogues to decrease pancre-
atic fluid production [77, 78]. Additional care, such as antibiotics, gastric drainage,
and wound management, is frequently required. Drain placement at the time of
surgery is a controversial topic; drains are typically left at the time of surgery in an
effort to mitigate the effects of a pancreatic leak, particularly in high-risk patients,
although the absolute benefit of this approach has not been demonstrated [79].
Uncommonly, refractory leaks that continue after a period of weeks may be man-
aged with further intervention, including pancreatic duct stent placement or addi-
tional surgery.

Pancreatic Insufficiency

Following pancreatic resection, patients may develop exocrine pancreatic insuffi-
ciency and/or endocrine pancreatic insufficiency. The risk of pancreatic insuffi-
ciency is related to the preoperative function of the pancreas, which may be
diminished in the setting of prior pancreatitis, metabolic syndrome, and/or resec-
tion, and the extent of pancreatic resection. Concern for pancreatic insufficiency
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contributes to the decision for parenchyma-sparing enucleation in tumors at a low
risk of malignancy or in patients at high risk of multiple surgical resections (MEN-1).

Exocrine pancreatic insufficiency, defined by inadequate production of pancre-
atic juice containing alkaline fluid and digestive enzymes in response to a food
bolus, may occur in up to three-fourths of patients after pancreaticoduodenectomy
or distal pancreatectomy [80]. This typically results in malabsorption manifest by
bloating, cramping, steatorrhea, and, in severe cases, malnutrition and vitamin defi-
ciency. Management includes dietary modification with low-fat meals, administra-
tion of exogenous pancreatic enzymes, supplementation of fat-soluble vitamins, and
consideration for supplementation with medium-chain triglycerides. Inadequate
endocrine pancreatic function results in pancreatogenic diabetes mellitus (type 3c)
and is managed with treatment of concomitant exocrine insufficiency, dietary modi-
fication, close blood glucose monitoring, and exogenous insulin. Treatment with
metformin, insulin sensitizers, secretagogues, incretin-based therapies, or other spe-
cific medications should be considered by endocrinologists in the appropriate set-
ting [81]. In one series, the risk of developing insufficiency is approximately 16%
after pancreaticoduodenectomy and 21% after distal pancreatectomy [82].

Conclusion

The surgical management of PNETs is dependent on the tumor’s functional status,
location, histology/grade, and genetic predisposition. The approach chosen is
dependent on both the tumor type and predisposition for malignancy, as well as the
location of the tumor. All of these procedures have risks and potential complications
that need to be weighed against patient’s comorbidities and the goals of resection
(i.e., curative or palliative). These patients are best managed and treated in coordi-
nation with a multidisciplinary team at high-volume centers.
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Chapter 16
Interventional Treatment of Primary
Aldosteronism

Christos Georgiades, Panagiotis Liasides, and Kelvin Hong

Introduction

Primary aldosteronism (PA) is the excessive production of aldosterone by one or
both adrenal glands resulting in related clinical signs and symptoms. It is an under-
appreciated cause of hypertension with a reported prevalence between 2.7% and
10% among the hypertensive population [1-3]. Considering there are more than 65
million Americans diagnosed with hypertension (HTN) [4], PA is the causative fac-
tor in two to seven million patients who are mislabeled as “essential” hypertensives.
In approximately one-third of these, PA is due to a unilateral functioning adrenal
adenoma, while the rest are due to bilateral hyperplasia or bilateral adenomas [5]. It
is staggering then to consider that one to two million Americans are suffering from
a more virulent form of HTN compared to its “essential” counterpart one that can
potentially be cured if diagnosed and treated. Indeed, it has been shown that PA is
associated with accelerated and worse cardiovascular outcomes compared to those
from primary hypertension, including the risk of coronary artery disease and cere-
brovascular stroke [6].

Unilateral total, or when feasible partial, adrenalectomy is the standard of care
for a functioning adrenal adenoma causing medication-resistant PA. Minimally
invasive, image-guided treatments have recently become available to the wider
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public, and accumulating evidence points to high efficacy and an excellent safety
profile. These image-guided treatments include percutaneous ablation and endovas-
cular embolization of the unilateral functioning adrenal adenoma.

Adrenal Vein Sampling

Prior to any non-pharmaceutical definitive treatment, confirmation of a unilateral
source of independent and excessive aldosterone production as well as lateraliza-
tion is necessary [7]. This is achieved with adrenal vein sampling (AVS). Rarely,
unilateral adrenal hyperplasia and contralateral nonfunctioning adenoma can
coexist. If resection of the adenoma is performed without prior AVS confirmation,
the patient will continue to suffer from PA and miss the opportunity for curative
resection. There exist different technical protocols on how to perform AVS. The
most rigorous, sensitive, and specific one includes pre- and post-adrenocortico-
tropic hormone (ACTH) stimulation sampling and the use of C-arm CT to confirm
selectivity in order to render biochemical lateralization reliable [3, 8]. Briefly,
both adrenal veins are selected with catheters from a common femoral vein
approach (Fig. 16.1c and d). A C-arm CT is performed during contrast injection
to confirm selectivity (Fig. 16.1c and d). Venous blood sampling is performed,
followed by ACTH administration. Sampling is repeated 30 min post-ACTH
stimulation. Cortisol adrenal vein levels are compared to that from inferior vena
cava (IVC) levels to confirm catheter selectivity. Once selectivity is confirmed,
aldosterone levels are compared between adrenal vein samples to confirm lateral-
ization. If both catheter selectivity and biochemical lateralization are confirmed,
surgical or image-guided treatment can be undertaken. Less rigorous protocols
sample the adrenal veins only post-ACTH stimulation. Though less time-consum-
ing, this protocol can result in false-negative results in approximately 22% of
patients tested [8].

Ablation

Ablation refers to the destruction of targeted tissue by way of heating (radiofre-
quency ablation [RFA] or microwave ablation [MWA]) or freezing (cryoablation).
Current technology allows effective ablation for lesions up to around 3—4 cm in
diameter, which is inclusive of the majority of functioning adrenal adenomas. The
technical objective of ablation is to kill the entire targeted functioning adrenal tissue
without damaging nearby collateral structures such as the bowel, pancreas, kidney,
etc. The clinical objective is to significantly reduce the patient’s blood pressure,
eliminate/reduce the number of antihypertensive medications, and eliminate hypo-
kalemia and the need for potassium supplementation.
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Fig. 16.1 Adrenal vein sampling in a patient with PA and a left adrenal adenoma noted on diag-
nostic MRI. Right adrenal venogram (a) via a catheter shows the classic “feathery” appearance of
the adrenal gland (white arrowhead). Coronal C-arm CT during the venogram (b) shows diffuse
parenchymal enhancement of the right adrenal gland (white arrowhead), confirming catheter selec-
tivity. Digital subtraction venogram of the left adrenal gland (c) via a super-selective microcatheter
(white arrow) shows enhancement of the left adrenal nodule (white arrowhead). Axial C-arm CT
during the left adrenal venogram (d) shows enhancement of the left adrenal adenoma (white arrow-
head), confirming catheter selectivity

Patient Preparation

Unilateral functioning aldosteronoma is confirmed by AVS. A cross-sectional imag-
ing study (CT or MRI, Fig. 16.2a) is reviewed to ensure there is a safe ablation
window. Eight-hour fasting is required as the procedure is performed with the
patient under conscious sedation or possibly general anesthesia. One of the periop-
erative risks is catecholamine shock, which manifests as severe hypertension and/or
arrhythmia and can be life-threatening. To reduce this risk, a 5-day premedication
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Fig. 16.2 A 55-year-old male with severe chronic hypertension resistant to five antihypertensive
medications and with hypokalemia. The plasma aldosterone-to-renin ratio was elevated. The
patient had a prior AVS, which confirmed a functioning aldosteronoma in the left adrenal gland.
Contrast-enhanced, T1-weighted, fat-suppressed MR image (a) shows a 2.5 cm hyper-vascular left
adrenal mass (white arrow). Axial CT image during cryoablation (b) shows the cryo-needle pene-
trating the left adrenal mass (white arrowheads). Post-cryoablation CT (¢) shows the still frozen
left adrenal mass (white arrowheads) and the “ghost” trajectory of the removed cryo-needle (white
arrow). Within days post-cryoablation, the patient’s blood pressure showed a significant reduction,
the number of antihypertensive medications dropped from 5 to 2, and the patient no longer required
potassium supplementation. One-month post-cryoablation, coronal, contrast-enhanced MR image
(d) shows a complete devascularization (lack of contrast enhancement) of the ablated adrenal
nodule (white arrowheads). One-year, axial, post-ablation, contrast-enhanced CT image (e) shows
size reduction and persistent devascularization (lack of enhancement) of the left adrenal nodule
(white arrowheads)
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with both alpha- and beta-blockers is strongly recommended. Ablation is performed
with the patient in the prone position and in the CT scanner. In addition, if cryoabla-
tion is chosen, it should be remembered that in case of emergency, the cryoprobes
will take 2—-3 min to be adequately thawed for removal. To further reduce the risk of
adverse outcomes from possible arrhythmia, the placement of external pacing pads
is also recommended.

Procedure

The procedure is performed under continuous patient monitoring. After sedation
induction and aseptic preparation, a baseline CT is obtained to plan probe access/
trajectory. The probe is inserted into the targeted lesion (Fig. 16.2b). After ablation
is completed, the probe is removed, and a repeat non-contrast CT is obtained to
exclude immediate complications, such as hemorrhage or pneumothorax
(Fig. 16.2c). The patient is recovered, observed for a minimum of 3 h, and dis-
charged to home.

Follow-Up

Because of the possibility of the post-ablation precipitous blood pressure drop as
aldosterone levels drop, the patient is advised to monitor blood pressure at home
and consult his/her primary care or interventionalist for a possible reduction of the
number or dosages of his/her antihypertensive medications. Long-term follow-up
relies solely on the stability or recurrence of symptoms and/or signs of hyperaldo-
steronism and not on imaging response, though the latter can be confirmatory for
complete tissue ablation (Fig. 16.2d and e).

Outcomes

An important meta-analysis by Liang et al. included a total of 89 patients (7 studies)
with clinical symptoms from PA who were treated with thermal ablation. During the
nearly 4-year follow-up, 75% of patients saw significant and sustained improve-
ment or the resolution of their HTN with a mean systolic blood pressure reduction
of 29.06 mm Hg (95% confidence interval [CI], —33.93 to —24.19) and mean dia-
stolic blood pressure reduction of 16.03 mm Hg (95% CI, —18.33 to —13.73). All
patients saw a reduction in the number of antihypertensives used and potassium
levels normalized in all seven studies [9]. Though not as important as clinical fol-
low-up, imaging response can also provide evidence as to the efficacy of percutane-
ous ablation. In a prospective study, Nunes TF et al. reported a 94% (16/17) complete
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and sustained imaging response rate [10]. Early data on the biochemical response
after ablation are equally promising, with a reported normalization of aldosterone
levels in nearly 90% of patients treated. Aldosterone levels decreased from a base-
line of 63.3 ng/dL + 28.0 to 13.3 ng/dL =+ 13.5 post-ablation (P = 0.008), with a
concomitant decrease in systolic, diastolic, and mean blood pressures [11].

Embolization

During embolization, the operator seeks to select the arterial supply to the adrenal
adenoma and effect ischemic necrosis. Vascular anatomy knowledge and experience
with embolization are both key factors for optimum outcomes. Arterial supply to the
right adrenal gland is usually from the proximal right renal artery, while to the left
adrenal gland directly from the aorta. Frequently, however, there can be normal
variants complicating adrenal artery identification and selection. Embolization can
be achieved with a variety of methods, and the specific choice is operator depen-
dent. Choices include bland particles (ischemic necrosis), alcohol (ischemia and
direct cytotoxicity) or lipiodol (ischemia and direct cytotoxicity), or any combina-
tion of the above. The use of embolization coils alone is discouraged as the target
adenoma may develop collateral vascular supply and survive.

Patient Preparation

Patient preparation is identical to that for ablation, except that no external pacing
pads are necessary since the patient is supine during the procedure. Again, a review
of the baseline cross-sectional imaging is important in treatment planning
(Fig. 16.3a).

Procedure

Vascular access can be a common femoral or radial artery. A pigtail catheter is used
to perform a juxta-renal aortogram to identify the arterial supply to the targeted
adrenal artery (Fig. 16.3b). A long sheath or reverse curve catheter alone is used to
select the ostium of the adrenal or renal artery (Fig. 16.3c). A coaxially placed
microcatheter is then used to super-select the adrenal artery (Fig. 16.3d). The opti-
mum location of the catheter is one from which the entire adenoma can be emboli-
zed and avoids nontarget embolization. From this location, embolization is
performed using the operator’s choice of embolic agent to complete stasis. A mini-
mum of 6-h observation post-embolization is recommended, both for vitals and
arterial puncture site monitoring.
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Fig. 16.3 A 60-year-old female with progressive bulbar palsy (PBP), severe uncontrolled hyper-
tension, and hypokalemia. An elevated aldosterone-to-renin ratio prompted AVS, which was selec-
tive and biochemically lateralized to the left adrenal gland. Because of her PBP she was not a
surgical candidate and referred for endovascular embolization of the functioning adenoma. Axial,
contrast-enhanced CT image (a) shows a 2 cm enhancing nodule in the left adrenal gland. Digitally
subtracted, abdominal aortogram (b) shows a left adrenal artery (white arrow) supplying a hyper-
vascular mass in the left adrenal gland (white arrows). Digital subtraction left adrenal arteriogram
(c) via a reverse curve catheter with its tip in the ostium of the left adrenal artery (white arrow)
shows the hyper-vascular mass to better advantage (white arrowheads). Digital subtraction, selec-
tive adrenal arteriogram (d) via a coaxially placed microcatheter with its tip in the distal left adre-
nal artery (white arrow) was used to deliver 2 cc of ethanol into the targeted mass (white
arrowheads). The patient’s hypertension resolved within 1 week of the procedure, and the patient
required no antihypertensive medications or further potassium supplementation. Axial, non-
enhanced CT, 6-month post-embolization (e) shows near resolution of the left adrenal nodule
(white arrow)
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Follow-Up

Follow-up is identical to that of ablation (Fig. 16.3e).

Outcomes

A review of the literature suggests that ethanol embolization is the preferred method.
In a study with 33 patients with PA, Octoate et al. reported a significant reduction in
blood pressure after embolization. Interestingly, the author reported blood pressure
reduction in all (100%) of patients younger than 45 years old and only in half of
those older than 45 years old [12]. This likely reflects the fact that older patients
have essential hypertension in addition to PA.

Conclusion

Though still sparse, there is accumulating evidence that interventional treatments of
clinically evident primary aldosteronism can be viable alternatives in nonsurgical
patients. For patients with AVS-confirmed, unilateral hyperfunctioning adrenal ade-
nomas, early data suggest a clinical efficacy of around 75% with a low procedure-
related (ablation or embolization) risk profile.

References

1. Brown MA, Cramp HA, Zammit VC, Whitworth JA. Primary hyperaldosteronism: a missed
diagnosis in “essential hypertensives”? Aust NZ J Med. 1996;26:533-8.

2. Nadar S, Lip GY, Beevers DG. Primary hyperaldosteronism. Ann Clin Biochem.
2003;40:439-52.

3. Georgiades CS, Hong K, Geschwind JF, et al. Adjunctive use of C-arm CT may eliminate
technical failure in adrenal vein sampling. J Vasc Interv Radiol. 2007;18(9):1102-5.

4. Wang TJ, Vasan RS. Epidemiology of uncontrolled hypertension in the United States.
Circulation. 2005;112:1651-62.

5. Mattsson C, Young WF Jr. Primary aldosteronism: diagnostic and treatment strategies. Nat
Clin Pract Nephrol. 2006;2:198-208.

6. Chen ZW, Tsai CH, Pan CT, Chou CH, Liao CW, Hung CS, Wu VC, Lin YH, TAIPAI Study
Group. Endothelial dysfunction in primary aldosteronism. Int J Mol Sci. 2019;20(20):5214-39.

7. Gordon RD, Stowasser M, Rutherford JC. Primary aldosteronism: are we diagnosing and oper-
ating on too few patients? World J Surg. 2001;25(7):941-7.

8. Violari EG, Arici M, Singh CK, et al. Adrenal vein sampling with and without cosyntropin
stimulation for detection of surgically remediable aldosteronism. Endocrinol Diabetes Metab.
2019;2(2):e00066.



16

10.

11.

12.

Interventional Treatment of Primary Aldosteronism 241

. Liang KW, Jahangiri Y, Tsao TF, Tyan YS, Huang HH. Effectiveness of thermal ablation for

aldosterone-producing adrenal adenoma: a systematic review and meta-analysis of clinical and
biochemical parameters. J Vasc Interv Radiol. 2019;30(9):1335-42.

Nunes TF, Szejnfeld D, Szejnfeld J, et al. Assessment of early treatment response with
DWI after CT-guided radiofrequency ablation of functioning adrenal adenomas. AJR Am J
Roentgenol. 2016;207(4):804-10.

Szejnfeld D, Nunes TF, Giordano EE, et al. Radiofrequency ablation of functioning
adrenal adenomas: preliminary clinical and laboratory findings. J Vasc Interv Radiol.
2015;26(10):1459-64.

Octoate H, Inoue H, Baba Y, Tsuchimochi S, Nakajo M. Aldosteronomas: experience with
superselective adrenal arterial embolization in 33 cases. Radiology. 2003;227(2):401-6.



®

Check for
updates

Chapter 17
Interventional Treatment
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Percutaneous chemical and thermal ablations are two main techniques for the interven-
tional treatment of parathyroid diseases. For chemical ablation, ultrasonographic-guided
percutaneous access of the parathyroid gland is performed using a needle, and the target
tissue is destroyed by injecting either ethanol or calcitriol. For thermal ablation, an electrode
is inserted percutaneously into the parathyroid gland under ultrasound guidance, and the
target tissue is ablated using either radiofrequency, microwave, or laser technique. Currently,
thermal ablation is the most used percutaneous method for hyperparathyroidism.

History of Interventional Treatment of Hyperparathyroidism

In 1984, Solbiati et al. first described percutaneous injection of ethanol into the
parathyroid gland under ultrasound guidance to treat secondary hyperparathyroid-
ism (SHPT) [1]. The technique, however, has not been widely adopted due to diffi-
culty in localization and multiple complications.

Later in 1992, Giangrande et al. reported a successful reduction of parathyroid
hormone (PTH) concentration in 50 uremic patients who underwent percutaneous
injection of ethanol into 4 parathyroid glands simultaneously [2]. The treatment
subsequently improved hypercalcemia, making it possible for the patients to start or
to increase daily vitamin D treatment.
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The percutaneous injection technique evolved in 1994 by Japanese researchers,
Fukagawa et al., who reported interventional treatment of parathyroid hyperplasia
in chronic dialysis patients [3]. Using color Doppler ultrasonography, they could
optimize the site and volume of ethanol injection with better detection of the recur-
rence of parathyroid cell growth and lower risk of complications.

Despite promising data from previous studies, in most cases, SHPT may not be
treated entirely by percutaneous ethanol injection alone due to a rebound of
PTH. Also, injection-related complications frequently occur from extravasation of
ethanol, including local pain and recurrent laryngeal nerve injury. Therefore, etha-
nol injection is used only for additional treatment after surgery or thermal ablation.

The local injection of calcitriol has been proposed by Fukagawa et al. as an alterna-
tive method for treating secondary hyperparathyroidism [4]. Direct injection of calcitriol
in the parathyroid gland results in high local concentration and, therefore, maximizes
the effect on the vitamin D receptors and avoids adverse reactions from hypercalcemia
commonly encountered after systemic administration. This method is considered safer
with less risk for pain and recurrent laryngeal nerve injury than ethanol injection.
However, the actual therapeutic effect is only temporary due to the resecretion of PTH
from the hyperplastic parathyroid gland shortly after the injection as the local concentra-
tion of calcitriol decreases. Therefore, local injection of calcitriol is used only for pallia-
tive treatment in a patient who is not a candidate for either surgery or thermal ablation.

While the applications of various thermal ablation technologies to the liver, lung,
kidney, bone, and other soft tissues have been well established, data for the parathy-
roid gland are relatively limited [5—10]. In 2001, Bennedbaek et al. first reported a
laser ablation in the parathyroid gland and showed its safety and effectiveness in
primary hyperparathyroidism (PHPT) [11]. Since then, the thermal ablation tech-
nique has been gradually adopted for patients with PHPT [12—14]. However, the
method was not widely accepted for patients with SHPT until 2012, when
Kovatcheva et al. reported successful application of thermal ablation in treating
SHPT [15]. Later in 2013, Zhang et al. reported more favorable outcomes with
detailed follow-ups in Chinese patients who underwent thermal ablation for SHPT
[16]. The data were also supported by a similar study by Peng et al. who further
expanded the application to SHPT [17-19]. More data show thermal ablation as a
safe and reliable method for treating SHPT, especially for patients who are not a
surgical candidate or have relapsed after surgery. Thermal ablation is considered an
essential supplementary treatment method for intractable SHPT [20-22].

Percutaneous Thermal Ablation of Parathyroid Glands

Under ultrasound guidance, an electrode is percutaneously advanced into the para-
thyroid gland. Radiofrequency, microwave, or laser is then used to generate heat and
destroy the target tissue thus reducing PTH secretion. Irreversible coagulation
necrosis is induced with a local temperature greater than 60 °C. Radiofrequency and
microwave are the two most frequently used technologies for thermal ablation of the
parathyroid gland. The use of laser ablation is relatively limited due to the difficulty
in adjusting the optical fiber position.
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Preprocedural Evaluation

Parathyroid lesions casing SHPT can be multifocal. Therefore, a careful and thor-
ough evaluation of the size, number, and location of the parathyroid glands is essen-
tial before the procedure.

Frequently used imaging modalities include ultrasonography, radionuclide imag-
ing, computed tomography (CT), and magnetic resonance imaging (MRI) [23].
Ultrasonography is considered the primary imaging modality, readily available for
evaluating anatomical structures. Also, procedures are performed under ultrasound
guidance. Therefore, detecting all lesions beforehand is crucial [17]. However,
ultrasonography is operator-dependent. Also, it cannot visualize the lesion when it
is located in the retrosternal space. On the other hand, radionuclide imaging is a
functional imaging modality for detecting hypersecretory parathyroid glands. While
the specificity of radionuclide imaging is very high for assessing hyperparathyroid-
ism, it has low sensitivity. CT and MRI are commonly used for the evaluation of
anatomical structures, especially for retrosternal ectopic parathyroid glands.
However, they cannot detect a parathyroid gland smaller than 1 cm due to their
limited resolution. In general, for preprocedural evaluation, ultrasonography and
radionuclide imaging are routinely used. CT and MRI can be considered for cases
with suspicious retrosternal ectopic parathyroid glands.

Indications and Contraindications

Indications

Currently, there are no consensus guidelines specific for the parathyroid thermal
ablation. For PHPT, the National Institutes of Health’s surgical standards in the
United States are used. For SHPT, the K/DOQI guidelines and recommendations
are used [24].

Indications for PHPT Thermal Ablation

1. Symptomatic PHPT: Including coexisting conditions such as kidney stones, neu-
romuscular symptoms, neuropsychiatric symptoms, bone diseases, peptic ulcer
disease, etc.

2. Asymptomatic PHPT: Parathyroid ablation can be considered for those who
meet one of the following conditions:

(1) Significant hypercalcemia (the blood calcium level is higher than the upper
limit of normal blood calcium by 0.25 mmol/L).

(2) Significantly high urine calcium (24-h urine calcium >400 mg).

(3) The creatinine clearance rate is reduced by 30% compared with the same

age group.
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(4) The T score of the dual-energy X-ray absorptiometry of the lumbar spine,
hip, or forearms is less than —2.5.

(5) Age <50 years old.

(6) For patients who do not want medical treatment or follow-ups.

Indications for SHPT Thermal Ablation

1. Intact PTH level >800 pgml persistently

2. Resistance to medications such as active vitamin D and its analogs

3. When medication is ineffective with persistent hypercalcemia and/or
hyperphosphatemia

4. Progressive extraosseous calcification

5. Imaging indicators:

(1) Four or more hyperplastic parathyroid glands found on ultrasonography.

(2) For patients with three or less hyperplastic parathyroid glands on ultrasound,
radionuclide imaging, and CT or MRI are required to exclude ectopic para-
thyroid glands.

Contraindications:

Excluded if any of the following is met:

. Body temperature >37.5 °C

. Systemic or local acute infection

. Severe bleeding tendency or coagulopathy

. Severe abnormal heart and lung function

. Presence of hoarseness or abnormal vocal cord activity

. Parathyroid glands with an excessive size or deep location (for those who cannot
tolerate surgery or anesthesia, partial ablation or palliative treatment may be
considered)

7. Patients with retrosternal ectopic parathyroid glands that are difficult to be visu-

alized with ultrasonography
8. Patients who either have mental disorders or cannot cooperate during the
procedure

AN AW =

Preparation Before Thermal Ablation
Equipment Preparation

1. Ultrasound equipment:
A Doppler ultrasound supporting contrast-enhanced imaging with a high-
frequency probe is generally used. The probe frequency range of 5-12 MHz is
recommended.
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Ablation equipment:

Radiofrequency and microwave ablation systems suitable for superficial
organs are used. Generally, an ablation electrode length between 7 and 10 cm
with an outer diameter of 17-19 G and electrode tip length of 5-10 mm are
recommended. A radiofrequency ablation system with cold circulation is
preferred.

Preparation of Medication and Needles

1.

Medication preparation: Ultrasound contrast agents (such as sulfur hexafluoride
microbubbles), local anesthetics (such as lidocaine and bupivacaine), and sterile
isolation fluid for hydrodissection or liquid isolation (such as 5% glucose solu-
tion) are recommended. Intraoperative antihypertensives should be prepared for
patients with high blood pressure.

Needle preparation: A 5-7 cm, 21-23 G, Chiba needle is mainly used for inject-
ing isolation fluid for hydrodissection or liquid isolation.

Patient Preparation

1.

Physical examinations and medical history: patients undergo physical
examinations, and pertinent medical history is obtained. Medical history
should include cardiac, pulmonary and brain diseases, hypertension, and
diabetes. Before the procedure, all patients should actively be engaged in
the treatment of their underlying diseases and improving their physi-
cal health.

Preoperative laboratory tests: including complete blood count, urine culture and
urinalysis, blood type and screen, coagulation function, liver function, renal
function, electrolytes, parathyroid hormones, tumor markers, and infectious dis-
ease examination.

. Preprocedural examination: including parathyroid ultrasound imaging, parathy-

roid radionuclide imaging, chest X-ray or chest CT, bone density, electrocardio-
gram, echocardiogram, etc.

. All medications for anticoagulation need to be discontinued. Aspirin and war-

farin need to be stopped a week and 4-5 days before the procedure, respectively.
For hemodialysis patients, the last hemodialysis immediately before the proce-
dure (including the first hemodialysis after the procedure) should be performed
without heparin.

If the patient has a history of neck surgery, especially a history of recurrent
laryngeal nerve damage, laryngoscopy is required to evaluate the vocal cords.

. Informed consent: the patient and their family members should be informed of

the patient’s condition before treatment, alternative treatments, the procedure
details of thermal ablation and possible complications during and after the pro-
cedure, and the additional treatments.
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Thermal Ablation Procedure
Patient Position

The patient is positioned in supine, with a soft cushion below the neck, so that the
head is slightly tilted back to fully expose the front of the neck. The operator is by
the bed on one side of the patient, holding the patient’s head with one hand and the
ablation needle or puncture needle with the other hand.

Ultrasound Evaluation Before Ablation

Before the procedure, the size, number, location, and internal structure of the bilat-
eral parathyroid glands are evaluated using ultrasound. Contrast-enhanced ultraso-
nographic imaging is then performed to evaluate the parathyroid gland’s
microcirculation. At this point, a needle access route is determined.

Local Anesthesia

There are two methods of anesthesia, including local anesthesia and cervical plexus
block. Local anesthesia is done via a skin puncture site by injecting lidocaine or
bupivacaine under ultrasound guidance. Local anesthetics are injected before the
ablation of each parathyroid gland. Additionally, an ultrasound-guided cervical
plexus block can be performed. The needle is inserted from the posterior edge of the
sternocleidomastoid muscle at the third and fourth cervical spine levels, and lido-
caine or bupivacaine is injected into the superficial cervical nerve plexus in the
prevertebral fascia located behind the sternocleidomastoid muscle.

Liquid Isolation

The parathyroid glands are located posterior to the thyroid glands, lateral to the
trachea and esophagus, and medial to the carotids, internal jugular veins, and vagus
nerves. The parathyroid glands are also close to the longus colli muscle and sympa-
thetic nerves. Therefore, it is crucial to protect the surrounding structures from heat
damage during the procedure. Hydrodissection or liquid isolation is one of the most
critical and widely used techniques. Under ultrasound guidance, a 20-23 G needle
is inserted into the space around the parathyroid gland and infuse 10-50 ml of 5%
glucose solution to create a liquid “isolation zone” with a distance greater than
5 mm between the parathyroid gland and the carotid artery, trachea, esophagus, and
recurrent laryngeal nerve. The parathyroid gland is isolated into either an “island
shape” or a “peninsula shape” (Fig. 17.1); thereby, the heat spread is prevented dur-
ing the procedure.
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Fig. 17.1 Left image: An ultrasound image shows the parathyroid gland (solid white arrow)
located close to the trachea, esophagus, and carotid artery. Right image: 5% glucose solution (hol-
low arrow) is injected through the needle (thin arrow) into the region between the parathyroid
gland (solid white arrow) and surrounding structures, including the trachea, esophagus, and the
carotid artery to create a liquid isolation zone. The parathyroid gland is effectively isolated into a
“peninsula shape”

Thermal Ablation

Once a liquid isolation zone is successfully created around the parathyroid gland, an
electrode is percutaneously inserted into the parathyroid gland under ultrasound
guidance. There are two types of ablation techniques: (1) moving-shot and (2) fixed
electrode techniques. For patients with SHPT, a 1-mm preservation technique is
used to protect a small portion of the gland tissue within 1 mm from the capsule.

1. Moving-shot and fixed electrode techniques: In the moving-shot technique, an
electrode is inserted into the gland with the electrode tip positioned at the far end
of the gland close to the capsule. Once the position of the tip is confirmed under
ultrasound, the ablation is initiated while the electrode is being slowly with-
drawn. When the tissue vaporization creates a hyperechoic zone (Fig. 17.2)
inside the gland, the electrode is slowly moved backward from the distal to the
proximal and from the deep to the shallow locations until the entire gland is suc-
cessfully ablated. If the target gland is smaller than 1 cm, the fixed electrode
technique is used. In this technique, the gland is ablated with the electrode’s tip
at the distal capsule without withdrawing. Successful ablation is confirmed when
the gland is completely covered with hyperechoic vaporization under ultrasound.
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Fig. 17.2 Radiofrequency ablation of the parathyroid gland. Ultrasound image shows the radio-
frequency electrode (solid white arrow) and the hyperechoic area of tissue vaporization (hollow
arrow) caused by tissue coagulation necrosis from ablation

Fig. 17.3 1-mm preservation technique: Ultrasound image shows the electrode’s tip (hollow
arrow) positioned at the far side of the gland approximately 1 mm from the distal capsule (solid
white arrow) of the parathyroid gland

2. “1 mm” preservation technique [17]: This technique is used for patients with
SHPT to avoid clinically significant hypoparathyroidism after thermal ablation.
Subtotal parathyroidectomy or total parathyroidectomy with arm implantation is
frequently used in surgery to maintain a minimum level of PTH. In this 1-mm
preservation technique, the electrode’s tip is positioned inside the gland approxi-
mately 1 mm from the capsule. With this technique, a small portion of the gland
tissue near the distal capsule is preserved to maintain the basic PTH level
(Fig. 17.3).

Real-Time Evaluation of Ablation Effect

Real-time assessment of the treatment effect is a critical step for achieving the
desired outcome. The entire thermal ablation process can be monitored in real time
under ultrasound using either basic 2D, color Doppler, or contrast-enhanced method.
Rapid PTH assay after the procedure also provides valuable information.
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1. Real-Time Ultrasonographic Evaluation

(1) 2D ultrasound evaluation: 2D grayscale ultrasound is the most convenient
and commonly used method to evaluate the ablation effect. Microbubbles
generated from the tissue coagulation during thermal ablation appear as a
hyperechoic area on ultrasound. The hyperechoic area represents the abla-
tion zone (Fig. 17.4). However, diffusion or escape of microbubbles into
surrounding structures or vessels can lead to incorrect estimation of the
ablation zone. Therefore, 2D ultrasound needs to be limited only to the early
screening phase.

(2) Color Doppler ultrasound evaluation: After completion of the ablation
resulting in coagulation necrosis of the target tissue, all blood vessels are
also damaged and thrombosed. Therefore, no color Doppler signal is
observed inside the ablation zone (Fig. 17.5). However, due to the limita-
tions of the color Doppler ultrasound in visualizing small vessels, caution is
required for the evaluation of the ablation effect. It is recommended to use
color Doppler ultrasound only for preliminary screening.

Fig. 17.4 2D grayscale ultrasound image shows the ablation range as a hyperechoic area (solid
white arrow) created by microbubbles from tissue vaporization. Covering the entire gland with
hyperechoic area confirms successful ablation

Fig. 17.5 Color Doppler ultrasound image shows no blood flow signal inside the ablation zone
(solid white arrow)
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(3) Contrast-enhanced ultrasound: Contrast-enhanced ultrasound is considered
the most reliable method to evaluate the target lesion’s microcirculation,
thereby predicting the effect of ablation. Preprocedural ultrasound with con-
trast enhancement shows rich perfusion in the parathyroid glands (Fig. 17.6).
After complete ablation, the treated area no longer shows an enhancement
due to occluded or damaged vessels (Fig. 17.7). If a residual enhancement is
detected inside the ablation zone, additional ablation is required for com-
plete ablation.

2. Quick Intraoperative Intact PTH Assay
The half-life of the intact PTH (iPTH) is only 2—5 min. Although it can theo-
retically provide information regarding the ablation effect, its actual use for real-
time monitoring is limited due to PTH assay time [25-27]. McLeod et al.
proposed a PTH assay in the post-anesthesia care unit for predicting hypocalce-

Fig. 17.6 Left: Contrast-enhance ultrasound image before the ablation shows strong enhancement
in the hyperplastic parathyroid gland. Right: 2D grayscale ultrasound image shows hyperplastic
parathyroid gland (hollow arrows)
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Fig. 17.7 Left: Contrast-enhanced ultrasound image shows complete ablation of the target gland
(hollow arrows) without evidence of residual enhancement. Right: 2D grayscale ultrasound image
shows the parathyroid gland (hollow arrows) after ablation

mia in patients who underwent thyroidectomy [28]. With a PTH cutoff value of
<12 pg/ml and PTH drop >75%, they reported sensitivity and specificity of
100%, 92% and 100%, 88%, respectively.

Complications and Prevention Strategies

Complications are associated with the target glands’ size and location, the patient’s
underlying diseases, the equipment’s energy, and the operator’s experience
and skills.

1. Pain: Most patients experience a certain degree of transient pain during the pro-
cedure. It includes local pain and radiating pain or discomfort to the back of the
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ear, tooth root, shoulder, and back. The pain is usually not significant and
resolves shortly after the procedure. Some patients may experience mild to mod-
erate degree of odynophagia due to thermal injury to the surrounding tissues.
The pain is self-limiting and usually resolves within several days.

2. Nausea and vomiting: Mild nausea and vomiting may occur in some patients but
usually resolve a few hours after the procedure. These symptoms are believed to
be related to local anesthetics or analgesics.

3. Fever: Some patients may experience mild fever after the procedure, due to the
glands’ coagulation necrosis. In general, the body temperature does not exceed
38 °C. If the fever persists with a temperature higher than 38 °C, further exami-
nation is needed to rule out infection.

4. Infection: If a patient shows any infection signs, the procedure should be delayed
until the infection is resolved. All procedures should be performed under strict
sterile conditions. Infection associated with ablation is rare. If an infection is
suspected, immediate antibiotics treatment is required.

5. Bleeding: There are rich blood vessels both inside and around the parathyroid
glands, including the inferior thyroid artery and vein. Percutaneous access
requires careful ultrasound guidance to avoid vascular injuries. If bleeding
occurs, either manual compression or cauterization should be performed imme-
diately. For patients with ongoing hemodialysis, heparin should be avoided
before the ablation.

6. Nerve injury: Recurrent laryngeal or superior laryngeal nerve injury is one of the
most common complications of the parathyroid ablation with the incidence of
11-18%. Unilateral recurrent laryngeal nerve injury can result in hoarseness and
difficulty in swallowing. Bilateral recurrent laryngeal nerve injury can cause
aphonia, difficulty in breathing, and even death from suffocation. The superior
laryngeal nerve injury causes deep voice and swallowing impairment. To avoid
bilateral recurrent laryngeal nerve injury, the patient’s voice needs to be moni-
tored in real time during the procedure. If the patient’s voice changes, the abla-
tion needs to be paused. The procedure may continue after recovery of the
patient’s voice. Recurrent laryngeal nerve or superior laryngeal nerve injury usu-
ally does not require additional treatment, although neurotrophic medications
can be considered in some cases. Most patients recover within 2-3 months.

7. Trachea or esophagus injury: Although the parathyroid glands are close to the
trachea and esophagus, the injury can be avoided by using a liquid isolation
technique.

8. Hypocalcemia: Hypocalcemia after ablation is common. Severe hypocalcemia
may occur a few hours after the procedure and lasts for 1 week or longer. Clinical
symptoms include fatigue, abnormal skin sensation, numbness of hands and feet,
convulsions, etc. Some patients may have bronchial or gastrointestinal spasms
resulting in cough, asthma, and abdominal pain. After ablation, blood calcium
levels need to be closely monitored. Some patients may need to take supplemen-
tal calcium. Sever hypocalcemia can be avoided by using 1-mm preservation
technique.
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9. Persistent or recurrent hyperparathyroidism: Persistent hyperparathyroidism is a
condition where serum iPTH levels decrease after ablation but are persistently
higher than the upper limit of the normal range. Recurrent hyperparathyroidism
is a condition that the serum iPTH level is decreased to the normal range after
ablation, but rebounds to the upper limit of the normal range. Persistent or recur-
rent hyperparathyroidism is related to incomplete ablation or undetected ectopic
parathyroid glands. In 2017, Peng et al. reported follow-up results in 34 patients
with SHPT who underwent thermal ablations [16]. After 1 year, the authors per-
formed repeat ablation in four patients with recurrent or persistent SHPT to
achieve the desired treatment outcome.

Percutaneous Parathyroid Injection

Under ultrasound guidance, a needle is inserted percutaneously into the parathyroid
gland, and ethanol or calcitriol is injected for treating hyperparathyroidism. Ethanol
injection results in coagulation necrosis through dehydration and ischemic change.
Calcitriol inhibits PTH secretion by direct binding to the vitamin D receptors.
Percutaneous parathyroid injection is used mostly for patients who underwent a
thermal ablation but failed or for those who could not undergo a thermal ablation
due to the location of the parathyroid gland.

Indications and Contraindications [29]
Indications

1. Persistent hyperparathyroidism with iPTH >400 pg/ml despite medical treat-
ment. Patients with hyperphosphatemia and/or hypercalcemia resulted from the
medical treatment.

2. Enlarged parathyroid glands with suspected nodular hyperplasia on
ultrasonography.

Contraindications

1. Enlarged parathyroid gland located where ultrasonographic-guided access is
impossible

2. Paralysis of the recurrent laryngeal nerve on the opposite side

3. When neck surgery is scheduled for thyroid carcinoma, etc.
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Preparation Before Treatment

(O8]

. An ultrasound machine with color Doppler and contrast-enhanced imaging

capabilities with the high-frequency probe is recommended. The probe fre-
quency range of 5-12 MHz is preferred.

. Anhydrous ethanol suitable for injection or intravenous calcitriol.
. Ultrasound contrast agent: sulfur hexafluoride microbubbles (SonoVue).
. 20-G, 10-cm Chiba needle.

Patient preparation: Before the procedure, patients should undergo thorough

laboratory analysis including complete blood count, coagulation function, liver
function, renal function, electrolytes, parathyroid hormones, tumor markers, and
infectious disease indicators such as hepatitis, syphilis, and HIV.

Procedure

1.

The patient is positioned in supine with a pillow under the neck for full exposure
of the neck. Preprocedural ultrasound with a high-frequency probe is performed
to evaluate the bilateral parathyroid glands.

The neck is prepared and draped using sterile technique. The access site is then
injected with local anesthetics including the skin and subcutaneous tissue under
ultrasound guidance.

. Under ultrasound, the needle is inserted close to the distal capsule of the parathy-

roid gland. Anhydrous ethanol or calcitriol is then slowly injected. If needed, the
needle is withdrawn and repositioned to treat the entire gland. The ethanol injec-
tion volume is determined based on the volume of the gland. For a gland greater
than 1 cm?, ethanol of 70% of the gland volume is used. For a gland less than
1 cm?, ethanol of 80% of the gland volume is injected. For calcitriol, 70-90% of
the gland volume is used. During ethanol injection, continuous monitoring is
essential to prevent a leakage and damage to the surrounding structures.
Complications from the leakage of ethanol include local pain and hoarseness.
Contrast-enhanced ultrasonography is used for real-time evaluation of the treat-
ment effect.

Treatment Strategy

1.

Ethanol injection: Ethanol injection is scheduled between hemodialysis ses-
sions. The first injection is to treat only one or two glands with the greatest vol-
ume and richest blood supply. If the iPTH is persistently greater than 200 pg/ml
1 week after the first injection, repeat injection can be considered. For the second
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procedure, ethanol is injected either into the untreated portion of the previously
injected gland or the new glands that have not been treated. Although repeated
procedure can be performed if the iPTH level is persistently high, the total etha-
nol injections should not exceed five sessions.

. Calcitriol injection: Calcitriol injection is also scheduled on the days between

hemodialysis sessions. The treatment is performed with three injections per
week for 2 consecutive weeks.
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Chapter 18 m
Interventional Treatment of Thyroid
Nodules

Check for
updates

Auh Whan Park, Tim Huber, and Jung Hwan Baek

Current Practice on Thyroid Nodules

High-resolution ultrasound (US) detects thyroid nodules in 19-68% of healthy,
asymptomatic individuals [1, 2]. The clinical importance of thyroid nodules is to
exclude thyroid cancer occurring in 5-15% among the detected thyroid nod-
ules [3, 4].

In the 2015 American Thyroid Association (ATA) Management Guidelines for
Adult Patients with Thyroid Nodules and Differentiated Thyroid Cancer [5], an
algorithm for evaluation and management of patients with thyroid nodules bases on
US pattern and fine-needle aspiration (FNA) cytology was suggested. Three main
steps exit for workups in the algorithm.
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A summary of essential recommendations from the ATA guidelines is as follows.

Workups
Serum Thyroid Stimulation Hormone (TSH)

Serum TSH should be measured during the initial evaluation of a patient with a
thyroid nodule (Table 18.1). If the serum TSH is subnormal, a radionuclide (prefer-
ably ') thyroid scan should be performed. If the serum TSH is normal or elevated,
a radionuclide scan should not be performed as the initial imaging evaluation.

Thyroid Sonography

Thyroid sonography with a survey of the cervical lymph nodes should be performed
in all patients with known or suspected thyroid nodules. FNA is the procedure of
choice in the evaluation of thyroid nodules when clinically indicated. Thyroid nod-
ule diagnostic FNA is recommended (Table 18.2). Thyroid nodules should be
assessed for malignancy risk by ATA sonographic risk pattern, not simply by size.
Not every thyroid nodule >1 cm needs fine-needle aspiration (FNA), and most nod-
ule <1 cm does not need FNA.

Table 18.1 Evaluation on thyroid stimulation hormone (TSH) with a thyroid nodule

Suspected thyroid nodule

TSH: normal or elevated TSH: subnormal

Thyroid/neck sonography Radionuclide (preferably '’I) thyroid scan
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Table 18.2 Sonographic patterns, estimated risk of malignancy, and fine-needle aspiration
guidance for thyroid nodules

Thyroid/neck sonography

High Intermediate Low suspicion | Very low Benign

suspicion suspicion suspicion No nodule/size cutoff
(1 cm)

FNA > 1cm FNA >1.5cm |FNA >2cm FNA not required

Table 18.3 American College of Radiology (ACR) Thyroid Imaging, Reporting and Data System

(TI-RADS)
Composition Echogenicity Margin Shape Echogenic foci
(choose 1) (choose 1) (choose 1) (choose 1) (choose 1)
Cystic or 0| Anechoic 0| Wider 0| Smooth 0| None 0
almost than tall
completely
cystic
Spongiform 0| Hyperechoic | 1| Taller than | 3 | Ill-defined |0 | Large comet tail 0
wide artifacts
Cystic and 1 | Isoechoic Lobulated |2 | Macrocalcifications | 1
solid
Solid or almost | 2 | Hypoechoic |2 Irregular 2 | Peripheral (rim) 2
completely calcifications
solid
Very 3 Extra- 3 | Punctate echogenic |3
hypoechoic thyroid foci
extension
!
Add points from all categories to determine TI-RADS level
0 points 2 points 3 points 4 points 5 points
TR1 TR 2 TR 3 TR 4 TR 5
Benign Not suspicious Mildly Moderately Highly suspicious
suspicious suspicious
No FNA No FNA FNA if ENA if FNA if >1.0 cm FNA if
>2.5cm >1.5cm FNA | >0.5 cm
FNA if if >1.0 cm
>1.5cm

According to a study by Yoon et al. [6], the ATA guidelines were unable to clas-
sify 3.4% of 1293 nodules, of which 18.2% were malignant. In 2017, the American
College of Radiology (ACR) published a white paper on Thyroid Imaging, Reporting
and Data System (TI-RADS), as shown in Table 18.3 [7].

Bethesda System

Thyroid nodule FNA cytologic should be reported using diagnostic groups outlined
in the Bethesda system or Reporting Thyroid Cytopathology (Table 18.4) [8].
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Table 18.4 Bethesda system revised in 2017 based on post-2010 date

% Risk of
Categories malignancy (*) | Usual management
Nondiagnostic 5-10 (5-10) Repeat FNA with US
Benign 0-3 (0-3) Clinical and US follow-up
Atypia of undetermined significance (AUS)/ 10-30 (6-18) Repeat FNA, molecular
follicular lesion of undetermined significance testing, or lobectomy
(FLUS)
Follicular neoplasm/suspicious for follicular 25-40 (10-40) | Molecular testing,
neoplasm (FN/SFN) lobectomy
Suspicious for malignancy 50-75 (45-60) Lobectomy or near-total

thyroidectomy

Malignant 97-99 (94-96) | Near-total thyroidectomy

*Adjusted risks if noninvasive follicular thyroid neoplasm with papillary-like nuclear features
(NIFTP) was not classified as a malignancy. F'NA fine-needle aspiration, US ultrasound

Treatment
Benign Lesion

If the nodule is benign on cytology, further immediate diagnostic studies or treat-
ment is not required.

Malignant Lesion

If a cytologic result is diagnostic for primary thyroid malignancy, surgery is gener-
ally recommended.

Thyroid Radiofrequency Ablation

In 1990, percutaneous ethanol ablation (EA) was introduced for treating AFTNS.
Although EA is very effective for cystic thyroid nodules and can achieve a volume
reduction of more than 85%, it is less effective for solid nodules. It also has several
limitations, such as unpredictable diffusion within the tumor, pain, and capsular
fibrosis by leaking, making future surgery challenging.

More recently, advances in thermal ablation have allowed effective treatment of
solid, benign thyroid nodules. Various energy sources are currently used in thermal
ablation, including laser, radiofrequency (RF), microwave, and high-intensity
focused ultrasound (HIFU). To date, radiofrequency ablation (RFA) has been the
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most exhaustively researched and proven therapy in terms of safety and clinical
efficacy. Hereafter, RFA will be mainly described in regard to thermal ablation.

The strategy for choosing between EA and thermal ablation depends on the com-
position of thyroid nodules [9]:

e Cystic nodule: EA
* Predominantly cystic nodule: EA first or combined with thermal ablation
e Predominantly solid or solid nodule: thermal ablation

Indications

Thyroid RFA guidelines are designed to provide scientific information regarding the
use of this procedure in clinical practice. Several guidelines have been published
[10-17]. A systematic review of clinical practice guidelines for RFA of benign thy-
roid nodules was published recently [18]. There are subtle differences between
these guidelines with indications in common. According to the revised KSThR 2017
guideline [14], the indications and contraindications for treating benign thyroid
nodules are as follows.

Indications

e Patients with benign thyroid nodules producing symptoms or patients with cos-
metic concerns
» Toxic or pretoxic AFTNs

Thyroid nodules should be confirmed as benign on at least two US-guided FNA
or core needle biopsy (CNB) before RFA. A single benign diagnosis on FNA or
CNB is sufficient when the nodule has the US features highly specific for benignity
and AFTN. In addition, caution should be taken in the use of RFA in pregnant
women, patients with serious heart problems, and those with pre-existing contralat-
eral vocal cord palsy.

Contraindications

* Follicular neoplasm or malignancy on FNA or CNB

* A nodule with US criteria suggesting malignancy, despite FNA or CNB results

e Cystic and predominantly cystic thyroid nodules, in which EA has been sug-
gested as a first-line treatment
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Anatomy

For a safe and effective procedure, knowledge of neck anatomy, particularly that of
the nerves, vessels, and other critical structures, is essential. It is of utmost impor-
tance to understand US-based thyroidal and perithyroidal anatomy.

The Thyroid Gland

The thyroid gland is a butterfly-shaped midline structure lying anterior and lateral
to the trachea in the visceral space of the infrahyoid neck. In adults, each lobe is
about 40-60 mm in length, 10-20 mm in width, and 13-18 mm in thickness. The
right and left lobes are connected by the isthmus in 2-3 mm in thickness. The limits
of normal thyroid volume are 10-15 mL for adult females and 12—18 mL for males
[19]. The trachea, esophagus, thyroid gland, and infrahyoid muscles are enclosed by
the pretracheal fascia (Fig. 18.1). The pretracheal layer of fascia is situated in the
anterior neck, spanning between the hyoid bone superiorly and the thorax inferiorly,
where it fuses with the pericardium (Fig. 18.2).

Fig. 18.1 Cross-sectional
diagram of the neck with
three layers of the deep
cervical fascia; T trachea,
E esophagus. (With
permissions from Park
[20D)

=== |nvesting fascia
=== Pretracheal fascia
=== Prevertebral fascia
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Fig. 18.2 Sagittal view of :
the pretracheal fascia; T Posterior
thyroid gland. (With
permissions from Park + Hyoid bone
[201) 0
Thyroid cartilage
Cricoid cartilage
| Pretracheal fascia |
Tracheal rings
- Fibrous pericardium

The false thyroid capsule (also known as the surgical capsule or perithyroidal
sheath) has a thin layer of fascia enveloping the thyroid gland, which needs to be
dissected away from the thyroid during surgery. Most anatomists and surgeons have
described it as a thin capsule deriving from the pretracheal fascia similar to a mes-
entery in the abdomen. The true capsule is formed by condensation of the fibrous
stroma of the gland.

The space between the false capsule and the true capsule is a potential space to
inject a local anesthetic. For RFA of benign thyroid nodules, perithyroidal lidocaine
injection is recommended as a local anesthesia technique [14]. During perithyroidal
lidocaine injection, the needle tip should be positioned close to the thyroid gland.
Initially, injecting a small amount of lidocaine will create a space between the two
capsules. Additional administration of lidocaine injection will dissect the space
(Fig. 18.3) and propagate the anesthetic along the posterolateral margin of the thy-
roid gland.

Vessels

The arteries and veins of the thyroid gland are shown in Table 18.5. The common
carotid artery (CCA) and internal jugular vein (1JV) are located in the posterolat-
eral aspect of the thyroid gland. The superior thyroidal artery runs superficially on
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Nodule, Rt

Fig. 18.3 (a) Perithyroidal hydrodissection along the pretracheal fascia; T trachea, E esophagus
(With permissions from Park [20]). (b) Lidocaine injection in the right perithyroidal space; solid
white arrow, needle tip; IJ'V internal jugular vein, CCA common carotid artery

Table 18.5 The vessels of the thyroid gland

Artery Vein

Superior thyroid Superior thyroid
Middle thyroid

Inferior thyroid Inferior thyroid

Thyroid ima (directly from aortic arch) Anterior jugular vein

the anterior border of the thyroid gland. This artery runs closely and anterolaterally
to the external branch of the superior laryngeal nerve (SLN). The inferior thyroidal
artery enters the tracheoesophageal groove in a plane posterior to the carotid space,
and branches thereof penetrate the posterior aspect of the lateral thyroid lobe
(Fig. 18.4).

The anterior jugular vein begins near the hyoid bone at the confluence of several
superficial veins arising from the submaxillary region (Fig. 18.5). The vein descends
along the anterior border of the sternocleidomastoid muscle and passes beneath that
muscle to drain into the external jugular vein in the lower part of the neck. This vein
is located along the approach route (in front of the isthmus) of the electrode.
Although injury to the anterior jugular vein can be easily controlled by simple man-
ual compression, it can disturb the procedure due to persistent oozing.

Muscles
The neck is a cage-like structure encaged by muscles, classified into three groups

(Table 18.6). When visualized on US, the neck muscles act as important landmarks
for the identification of the nerves (Figs. 18.6 and 18.7).
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Superior thyroid artery Superior thyroid vein

Ay
A %

%

Middle thyroid vein |

4

Inferior thyroid artery
.‘- Inferior thyroid vein |

Thyroid Ima artery

Fig. 18.4 The vessels of the thyroid gland; blue, vein; red, artery. (With permissions from
Park [20])

Fig. 18.5 The location of
the paired anterior jugular
veins. (With permissions

from Park [20])
// External jugular vein
Nerves

Ultrasonographic visibility of the nerve depends on the size of the nerve, the equip-
ment used, and the location in the neck. With high-frequency -electrodes
(>10-12 MHz), the nerve has a honeycomb-like appearance or displays a reticular
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Table 18.6 The muscles surrounding the thyroid gland

A. W. Park et al.

Anterior

Lateral

Posterior

Strap muscles: four pairs of muscles:
Thyrohyoid
Omohyoid
Sternohyoid
Sternothyroid

Sternocleidomastoid muscle
Scalene muscles

Anterior

Middle

Posterior
Levator scapulae muscle
Trapezius

Longus colli muscle
Longus capitis muscle

Fig. 18.6 Relationship of the neck muscles to nerves; ASM anterior scalene muscle, LCM longus
colli muscle, MSM middle scalene muscle, SCM sternocleidomastoid muscle, SHM sternothyroid
muscle, STM sternothyroid muscle, OHM omohyoid muscle, PM platysma muscle. (With permis-

sions from Park [20])

Fig. 18.7 Transverse US scan of the thyroid gland; SK skin, FC fascia cervicalis, SHM sternohy-
oid muscle, STM sternothyroid muscle, SCM sternocleidomastoid muscle, OHM omohyoid mus-
cle, ISM isthmus, TH trachea, RTL right thyroid lobe, LTL left thyroid lobe, IJV internal jugular
vein, CCA common carotid artery, LCM longus colli muscle. (With permissions from Park [20])
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pattern created by hypoechoic rounded fascicles. The nerve shows a striated pattern
on longitudinal scans, with several parallel echogenic lines from its internal struc-
tures. Detection of small nerves may be challenging, but anatomic landmarks such
as muscles and vessels are useful in detection and tracking.

Nerve injury is one of the most serious complications during RFA. For ablation
of thyroid nodules, the recurrent laryngeal and the vagus nerves are of utmost
importance. Other nerves need to be differentiated for ablation of recurrent thyroid
cancer or metastatic lymph nodes in the central and lateral compartments [21]. The
relationship of neck nerves to adjacent anatomic structures is shown in Fig. 18.8.

Vagus Nerve

The vagus nerve is divided into cranial, cervical, thoracic, and abdominal branches.
After leaving the skull through the jugular foramen, the vagus nerve descends in the
neck covered by the carotid sheath (Fig. 18.9).

The vagus nerve is usually located posterolateral to the CCA and posteromedial
to the IJV. It is easily visualized on US as a 2-3 mm diameter structure. However,
variations in its location relative to the carotid sheath have been reported [22]. The
vagus nerve can be located anterior, medial, and posterior to the common carotid
artery (Fig. 18.10).

In a normal thyroid gland, CCA, the vagus nerve, and IJV are positioned in hori-
zontal alignment. In cases of posterolateral bulging of the thyroid mass, their posi-
tions can be changed within the carotid sheath. If the CCA is pushed away
inferolaterally and in a vertical alignment, the vagus nerve is positioned anterior or
medial to the CCA, with its exposure more prone to thermal injury (Fig. 18.11).

Various symptoms could develop in the case of vagus nerve injury. Because the
cervical portion of the vagus nerve is cranial to the origin of the recurrent laryngeal
nerve (RLN), vagus nerve injury may cause symptoms resulting from a dysfunction

Fig. 18.8 The neck nerves at C6 level; 1, vagus nerve; 2, recurrent laryngeal nerve; 3, superior
laryngeal nerve (not in this figure); 4, cervical sympathetic ganglion; 5, spinal accessory nerve; 6,
cervical plexus nerve; 7, phrenic nerve; 8, brachial plexus. (With permissions from Park [20])
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Glossopharyngeal
nerve (CN IX)

IVagus nerve (CN X)

Spinal accessory
nerve (CN XI)

Jugular foramen

Superior ganglion
of vagus nerve

Inferior ganglion
of vagus nerve

Carotid sheath

Pharyngeal nerve |
Superior laryngeal nerve I

Fig. 18.9 The vagus nerve in the carotid sheath. (With permissions from Park [20])

Typel:76.9 % Type ll : 21.1 %

Lateral position Anterior position

Type lll : 1.6 % Type IV: 0.3 %

Medial position Posterior position

e 2

Fig. 18.10 Variations in the location of the vagus nerve; yellow, the vagus nerve; blue, the internal
jugular vein; red, common carotid artery. (With permissions from Park [20])
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-
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Nodule, Lt

Fig. 18.11 (a) An altered position of the vagus nerve by a bulging thyroid nodule. E esophagus, T
trachea; yellow, vagus nerve; blue, internal jugular vein; red, common carotid artery (With permis-
sions from Park [20]). (b) US scan showing an anterior location of the vagus nerve by a bulging
nodule in the left lobe of the thyroid gland; solid white arrow, vagus nerve; IJV internal jugular
vein, CCA common carotid artery

of the RLN (e.g., cough, voice change) or dysfunction of the vagus nerve itself (e.g.,
arrhythmia, dysphagia, dyspnea, nausea, hiccups).

The Recurrent Laryngeal Nerve

The Right Recurrent Laryngeal Nerve: The right vagus nerve passes from the pos-
terior aspect of the carotid sheath in the neck base anterior to the first segment of the
subclavian artery. At this point, the RLN branches exit from the vagus nerve and
first travel inferoposteriorly to loop around this segment of the subclavian artery
(the fourth brachial arch remnant). It then progresses superomedially along the neck
floor behind the CCA into the right thoracic inlet at the base of the neck and then
extends superiorly more obliquely from lateral to medial direction as it ascends the
neck. The right RLN finally enters the larynx by penetrating the thyrohyoid mem-
brane at the cricothyroid joint level (Fig. 18.12). The angle between the right RLN
and the tracheoesophageal groove is 15-45° in 80% of the patients [23].
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Fig. 18.12 The course of
the right recurrent
laryngeal nerve. (Modified
from Randolph [24])

Fig. 18.13 The course of
the left recurrent laryngeal
nerve. (Modified from
Randolph [24])

The Left Recurrent Laryngeal Nerve: The left vagus nerve travels from the pos-
terior aspect of the left carotid sheath in the neck base anterior to the aortic arch.
Then the left RLN branches underneath the aortic arch just lateral to the obliterated
ductus arteriosus and passes posteriorly and superiorly to enter the larynx by pene-
trating the thyrohyoid membrane at the level of the cricothyroid joint (Fig. 18.13).
The left RLN is more medial and ascends into the paratracheal or tracheoesopha-
geal groove [23].



18 Interventional Treatment of Thyroid Nodules 273

The Dangerous Triangle vs. the Danger Zone

The concept of a “danger triangle” was proposed by Baek et al. to describe an area
that encompasses the esophagus, trachea, and medial portion of the thyroid gland
around the RLN (Fig. 18.14) [25]. During RFA, the danger triangle should be
avoided due to the high risk of thermal injury to these critical structures, especially
the RLN. However, this concept has been modified on the right side of the triangle,
considering a more oblique course of the right RLN as described above.

The “danger zone” on the right side is an area between the right tracheoesopha-
geal groove and the carotid sheath. This space includes the right RLN and its poten-
tial variable locations, the vagus nerve, and the middle cervical sympathetic ganglion
(Fig. 18.15). At the mid-to-lower level of the right thyroid gland, the location of the
RLN may vary from medial to lateral inside the danger zone.

ol 1@
e e =

Fig. 18.14 Danger triangle vs. danger zone; E esophagus, T trachea; red circle, common carotid
artery; blue oval, internal jugular vein; yellow solid circle, vagus nerve; yellow dotted circle, recur-
rent laryngeal nerve; yellow heptagon, middle sympathetic ganglion. The dashed yellow circles
show the variable locations of the RLN. (With permissions from Park [20])

Fig. 18.15 Volume
measurement of an
elliptical nodule;

V = aben/6. a, the longest
diameter; b and c, the other
two perpendicular
diameters
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Procedure

Preprocedural Workup

A. W. Park et al.

The 2017 KSThR guidelines for the RFA preprocedural checklist are shown in
Table 18.7. These are the most detailed guidelines published, to date [14].

Labs
* CBC/coagulation profile
* TSH (thyrotropin)/Free T4/T3

* Calcitonin: increased possibility of medullary carcinoma

e Thyroid autoantibodies:
follow-up

* Thyroperoxidase antibody (TPOAD)

* Thyroglobulin antibody (TgAb)

increased possibility of hypothyroidism during

Table 18.7 Preprocedural checklist according to the KSThR 2017 guidelines (modified from Kim

etal. [14])

Pathologic thyroid nodule

Recurrent thyroid cancer

Pathologic diagnosis

Pathologic and/or serologic diagnosis

Benign diagnosis at least two US-guided
FNA or CNB

Benign diagnosis at least one US-guided
FNA or CNB in AFTN

Benign diagnosis at least one US-guided
FNA or CNB in thyroid nodules with
highly specific benign US features

Cancer recurrence at US-guided FNA or CNB
Increased washout Tg level in aspirate or Tg
immunostain of CNB specimen

Increased washout calcitonin level in aspirate or
calcitonin immunostaining of CNB specimen in
patients with medullary cancer

Us

Us

Features of the nodule and surrounding
critical structures
Nodule volume

Features of the nodule and surrounding critical
structures
Tumor volume

Symptom score

Cosmetic score

Laboratory tests

Laboratory tests

Complete blood count
Blood coagulation battery
Thyroid function test

Complete blood count
Blood coagulation battery
Thyroid function test

Serum TSH Serum TSH
Serum T3 Serum T3
Serum T4 Serum T4
Additional imaging study Additional imaging study
CT or MRI* CT or MRI*

mTc pertechnetate or 1231 thyroid scan®

AFTN autonomously functioning thyroid nodule, CNB core needle biopsy, CT computed tomogra-
phy, FNA fine-needle aspiration, f74 free thyroxine, MRI magnetic resonance imaging, RFA radio-
frequency ablation, 73 tri-iodothyronine, Tg thyroglobulin, 7SH thyroid-stimulating hormone
(thyrotropin), US ultrasound

*Selectively indicated

"Indicated for AFTN
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Pathology
Benign cytopathologic diagnosis (at least two separate times: FNA or CNB) is
required. According to the KSThR 2017 guideline, a single benign diagnosis on
FNA or CNB is sufficient when the nodule has US features highly specific for
benignity.

Imaging
US features of nodule and neck:

Number

Location

Volume

Thyroid nodules are round or more elliptical, as shown in Fig. 18.15.

The formula for calculating the volume of elliptical nodules is as follows:

Ellipsoid volume (V) = height (a ) x width (b)x length(c)x 7 /6

Composition (Table 18.8)

The strategy for choosing between EA and thermal ablation depends on the
composition of thyroid nodules [9, 14].

Vascularity (Table 18.9)

Echogenicity

Margin

Calcifications

Relationship between the target nodule and adjacent structures (skin, strap mus-
cles, trachea, esophagus, vessels, and nerves).

Table 18.8 Classification of thyroid nodules by composition

Classification Composition Selection of ablation

Cystic nodule >90% cyst EA

Predominantly cystic nodule 50-90% cyst EA first or combined with RFA
Predominantly solid nodule 50-90% solid RFA

Solid nodule >90 solid RFA

Table 18.9 Grading of thyroid nodules by vascularity

Grade Vascularity

0 No intranodular vascularity

1 Intranodular vascularity but peripheral portion only
2 Intranodular vascularity <50%

3 Intranodular vascularity >50%
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e Computed tomography (CT) or magnetic resonance imaging (MRI): selectively
indicated. CT or MRI examinations may help to evaluate the intrathoracic extent
of benign thyroid nodules.

o 9mTc-pertechnetate or '?’I thyroid scan—indicated for AFTN.

Clinical Evaluation

e Symptom score: visual analog scale from 0 to 10 (Fig. 18.16) to rank the severity
of discomfort or pain.

e Cosmetic score (Table 18.10).

Informed Consent
The following content should be included in an informed consent statement [14]:

e The change in the size of ablated thyroid nodules may be slow (several months
to years).

e The number of expected treatment sessions.

* Possibility of regrowth of the treated nodule and the need for additional
treatments.

*  Warning for possible pain with various degrees during the ablation.

e Complications of ablation (reported incidence of 3.3%).

* Ask patients about their history of thyroid surgery, the side effects of any drugs
they are taking, and whether they are taking drugs such as antiplatelets,
anticoagulants, and thyroid hormones. Further observation or admission may
be required after ablation, depending on the patients’ condition following
ablation.

GoE AR

0 2
no symptom a little bit little more even more whole lot worst

Fig. 18.16 Preprocedural symptom score for RFA

Table 18.10 Cosmetic score features for RFA

Score Features

1 No palpable mass

2 Palpable mass but no cosmetic problem
3 Cosmetic problem on swallowing only
4 A readily detectable cosmetic problem
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The Procedure

Total ablation time usually ranges from 20 to 40 min for a 2—4 cm diameter nodule,
but ablation time depends on the operator’s experience.

Patient Preparation
The aseptic procedure with sterile technique is recommended.

* Supine position with mild to moderate neck extension: pillow under the shoulder
and sponge or thin cushion under the head.

e Skin prep with an antiseptic solution: chlorohexidine or iodopovidone.

* Surgical drape: the opening should be wide enough to allow access to the thyroid
and perithyroid structures.

* Grounding pads for a monopolar radiofrequency electrode (MRFE): the electric
current runs through the patient’s entire body.

Pain Control and Monitoring

Lidocaine (1-3%) is used for local anesthesia at the puncture site and around the
thyroid gland and/or thyroid nodule. The skin incision is not needed, thus prevent-
ing unnecessary scar formation. If a patient experiences intolerable pain during
RFA, the power should be reduced or turned off for several seconds. Pain or discom-
fort usually disappears rapidly, and the procedure may then be continued. Intravenous
(IV) conscious (moderate) sedation could be used for pain control. Voice change
should be monitored intermittently during the procedure by having the patient speak
a few words when RF power is off [26].

Basic Physics
The term “radiofrequency” refers to a high-frequency alternating electric current
oscillating between 200 and 1200 kHz. As shown in Fig. 18.17, a closed electric

Fig. 18.17 Electric circuit during thyroid RFA. (With permissions from Park [20])
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Fig. 18.18 Microscopic +

thyroid RFA /\(((.a’» /\f( ‘yj /

circuit is formed through the body. The RF power agitates tissue ions (i.e., Na+, K+,
and Cl) that carry the electric current as they attempt to follow the changes in the
direction of the alternating current (Fig. 18.18). For a typical frequency of 500 kHz,
the direction of the current (and ion movement) changes a million times per second
[25, 27].

There are two heating areas surrounding the RF electrode: the direct heating area
and the indirect heating area. The direct heating area is close to the RF electrode and
has a high current density. The heat generated in this area is called friction heat.
Although this heat causes immediate damage to tumor tissue, the damage is signifi-
cant only in regions very close to (thus, within a few mm of) the electrode.
Simultaneously, tumor tissue that is more remote from the electrode is heated slowly
via thermal conduction from the hot region adjacent to the electrode (conduction
heat) (Fig. 18.19) [28].

The nature of thermal damage caused by RF is dependent on both the tissue
temperature achieved and the duration of heating. Elevation of tissue temperature to
40 °C does not induce tissue damage. Tissue temperatures between 42 and 45 °C,
formally termed hyperthermia, cause tissue cells to become more susceptible to
damage when exposed to chemotherapeutic agents and/or irradiation. Irreversible
cellular damage occurs when temperatures are increased to 46 °C for 60 min or to
50-52 °C for 4-6 min. Near-immediate tissue coagulation is induced at tempera-
tures between 60 and 100 °C, but temperatures greater than 100-110 °C result in
vaporization and carbonization (Fig. 18.20) [29, 30]. Microbubbles are produced
and represent gases, primarily nitrogen, that are released from the cells (Fig. 18.21),
and then the tissue becomes dehydrated [28]. The dehydrated tissue further leads to
a noticeable decrease in its electrical conductivity.

Equipment
Generator: An RF generator supplies RF power to the tissue through an electrode.
Continuous RF out mode is used for thyroid ablation, which is specially designed
for thyroid RFA. In this mode, the RF power is generated continually and controlled
by an RF output control.

Electrode: Electrodes have various active tips ranging from several millimeters
to a centimeter. Ablation can begin at 5 W (3.8 mm active tip), 10 W (5 mm active
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Fig. 18.19 Macroscopic Macroscopic features
phenomena during thyroid

RFA. (With permissions

from Park [20])

50°C 43°C

Conduction heat

tip), 20 W (7 mm active tip), or 35 W (10 mm active tip) of RF power under the
impedance control mode. If a transient hyperechoic zone at the electrode tip does
not appear within 5-10 s, RF power is increased in 5-10 W increments up to
15-80 W [24] (Fig. 18.22). For thyroid RFA, a short shaft length (7 cm) is used, as
it allows for more precise control in treating the gland, which is located close to the
surface of the neck. An internally cooled electrode is used to prevent or minimize
charring (Fig. 18.23).

Pump: Chilled saline (>0 °C) is circulated by a peristaltic pump. The pump
continuously reduces the temperature around the electrode tip to prevent or mini-
mize charring (Fig. 18.24). The temperature on the panel of the generator indi-
cates the temperature inside the electrode tip. It is not the actual temperature of
the tissue.
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>100°C Vaporization/carbonization/charring
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Fig. 18.20 Tissue reaction to heat. (Modified from Hong and Georgiades [28])

Fig. 18.21 Echogenic
effects by microbubble
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Fig. 18.22 Various sizes
for radiofrequency
electrode needle tips. (With
permissions from
STARmed Co., Ltd.
Goyang-si, South Korea)
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Fig. 18.23 Internal cooling of an electrode tip. (With permissions from Park [20])

Grounding Pads: The grounding pad, which is adhered to the patient’s skin away
from the ablation site, is intended to safely return the electrical current from the
patient back to the generator through a cable (Fig. 18.25). Because the conductive
surface area of the grounding pad is much larger than the active electrode, the cur-
rent is dispersed over a wide area, minimizing the heating of the tissue under the
grounding pad. A patient burn risk is increased when contact quality is poor between
the grounding pad and the patient because the current is concentrated at the contact
points rather than dispersed over the entire grounding pad [29, 31].

Planning the Access Route

Careful observation of the vessels along the approach route is required to prevent an
electrode from causing serious hemorrhage. Three approach methods can be used
(Fig. 18.26).

The Transisthmic Approach Method Is Recommended: The electrode approach is
made from the medial (isthmus) to the lateral (nodule) aspect along the transverse
axis of the targeted nodule. The entire length of the electrode and the tip can be eas-
ily visualized on the transverse US view. This view allows visualization of the
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| With internal cooling | | Without internal cooling |

No carbonization/charring | | Carbonization/charring

Fig. 18.24 Ex vivo ablation in cow’s liver with and without internal cooling; carbonization/char-
ring without internal cooling resulting in a limited ablation

High current density

Fig. 18.25 Equipment: generator, pump, monopolar electrode, and grounding pad. (With permis-
sions from STARmed Co., Ltd. Goyang-si, South Korea)
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Fig. 18.26 Three approach
methods for thyroid RFA;
a, transisthmic; b,
craniocaudal; c, lateral.
(With permissions from
Park [20])

relationship among the electrode tip, the thyroid nodule, the trachea, and the great
vessels and may also be used to locate the RLN. Clear visualization of the relation-
ship between the electrode tip and these structures may prevent complications.
Passing the electrode through a sufficient amount of thyroid parenchyma (in the
isthmus) may prevent the electrode tip’s position from moving during swallowing
or talking and may also prevent leakage of hot ablated fluid outside the thyroid
gland [25, 32].

The Craniocaudal (Longitudinal) Approach Method: The electrode approach is
made from the superior to the inferior aspect of a targeted nodule along the long axis
of the nodule. It is difficult to determine the relationship between the electrode tip
and adjacent structures in the neck. Frequently, movement of the electrode is limited
by the mandible or clavicle.

The Lateral Approach Method.: 1f enlarged vessels are present in the isthmus, the
lateral approach may prevent serious hemorrhage.

The Moving-Shot Technique

The moving-shot technique for thyroid RFA was designed to avoid thermal injury
to surrounding structures [23, 24]. The ablation technique for thyroid nodules
should differ from those used to treat tumors in other organs such as the liver or
kidneys. For instance, the basic ablation technique for liver tumors requires that the
electrode be fixed during ablation. However, the thyroid gland is smaller than other
organs, and thyroid nodules are usually ellipsoid rather than round. Therefore, pro-
longed fixation of the electrode during the ablation of thyroid nodules can cause
thermal damage to adjacent structures.

The thyroid nodule is divided into several “conceptual ablating units” of vari-
ous sizes. These units are smaller at the periphery of the nodule or in areas border-
ing the adjacent structures around the thyroid gland. The conceptual ablating units
are larger in the safer, central portion of the nodule. RFA should be performed unit
by unit by moving the electrode, hence the name “moving-shot technique” [25,
32]. Initially, the electrode tip is positioned in the deepest, most remote portion of
the nodule, which enables easy monitoring of the electrode tip without distur-
bances caused by microbubbles. When a transient echogenic area appears in the
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Fig. 18.27 Moving-shot
technique; T trachea, E
esophagus; red circle,
common carotid artery;
blue oval, internal jugular
vein; yellow solid circle,
vagus nerve; yellow dotted
circle, recurrent laryngeal
nerve; yellow heptagon,
middle sympathetic
ganglion; numbers 1-7,
ablation units. (With
permissions from Park
[20D)

targeted ablating unit, the electrode is continuously moved backward and in the
superficial direction to enter untreated ablating units. In predominantly cystic thy-
roid nodules, the cystic fluid should be aspirated before ablation of the solid por-
tion (Fig. 18.27).

Postprocedural Care and Follow-Up

Immediate Postprocedural Care

Thyroid RFA is an outpatient procedure. The patient will stay in the postproce-
dural care unit for at least 1 h with monitoring vital signs. After 1-2 h of observa-
tion, patients can be discharged. Before the discharge, patients should be
evaluated for pain, discomfort, and minor or major complications through physi-
cal examination of the thyroid/neck with or without US. The dressing should be
changed with a Band-Aid®. Instructions with a follow-up schedule or appoint-
ment should be given. Postprocedural medication is not usually required.
However, patients who complain of pain or discomfort may benefit from treat-
ment with oral analgesics such as oral acetaminophen or ibuprofen. Admission
might be needed when a further observation or clinical care is required in cases
of major complications.

For patients experiencing the symptom of difficult breathing by extrinsic com-
pression of the trachea, admission and careful monitoring in an intensive care unit
bed might be needed. In severe trachea stenosis, intubation or tracheal stent should
also be considered and discussed at a planning stage with ENT surgeons.

During the first day of ablation, neck bulging could be aggravated, and the vol-
ume of the ablated nodule may increase. These findings are caused by edema and
swelling of the ablated nodule and surrounding soft tissue. Volume reduction usu-
ally starts 3—7 days after ablation. The maximal reduction in volume will be observed



18 Interventional Treatment of Thyroid Nodules 285

at the I-month follow-up, with further gradual reduction anticipated after
3—6 months. Changes in clinical status should be evaluated serially on follow-up
visits using symptom and cosmetic scores.

If TSH and thyroid hormones remain abnormal after RFA, they should be re-
assayed closely with monthly follow-up interval.

Nonfunctioning Thyroid Nodules

Patients are usually followed up at 1, 3, 6, and 12 months after the procedure and
every 6—12 months during the second year after ablation. The physician should
check the following items during follow-up visits. For guidelines for monitoring
patients after RFA, see [14].

* Any discomfort or complications

* Ablation status of the nodule: volume analysis

» Status of clinical problems: symptom and cosmetic scores, respectively
e Labs: TFT including TSH, freeT4, and T3

US scan is the primary examination tool, with CT or MRI serving ancillary roles.
Patients with the intrathoracic extension of the thyroid nodule may require a repeat
CT or MRI examination for comparison with CT or MRI data obtained before the
procedure.

US findings of successful ablation are as follows:

e Loss of intranodular vascular signal in Doppler US examination
e Decreased nodule volume: >50%
* Decreased echogenicity of the ablated nodule (which looks like a malignancy)

Changes in size, echogenicity, and intranodular vascularity of the nodule should
be evaluated on follow-up US examinations. Volume reduction (VR) is calculated
using the following equation:

VR(%) = [initial volume (mL ) — final volume (mL)] % 100/ initial volume

Autonomously Functioning Thyroid Nodules

PmT¢ pertechnetate scintigraphy, blood, and US examinations are essential to evalu-
ate the ablation status of AFTN. US examination and laboratory tests for TSH and
thyroid hormone should be performed 1, 3, 6, and 12 months after RFA. Measurements
of thyroid autoantibodies and **™Tc¢ pertechnetate scintigraphy should be performed
6—12 months after RFA.

Results

The results of RFA of benign nodules are evaluated by changes in volume (cytore-
duction) and clinical problems (pressure symptoms and cosmetic issues). For
patients who undergo ablation of AFTNs, the serum concentration of TSH and
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thyroid hormones in addition to nuclear scan is needed to see the conversion to
euthyroidism.

Nonfunctioning Thyroid Nodules

A prospective multicenter study revealed that the mean volume reduction was 80%,
84%, 89%, 92%, and 95% at the 12-, 24-, 36-, 48-, and 60-month follow-ups,
respectively [33]. After RFA, symptoms and cosmetic problems improved or disap-
peared in the majority of patients.

In a retrospective longitudinal observational study, 215 patients were followed
up after a single RFA session for >3 years [33]. At 6 months after the procedure,
median nodule volume was significantly lower than at baseline, with further pro-
gressive volume reduction at 1- and 2-year follow-up. There was no significant
change in nodule volume at 3 and 4 years, but at 5 years, there was an additional
slight volume reduction. The best response was observed in small nodules with a
volume below 10 mL (early reduction of 82%). Large nodules showed a smaller
reduction in volume (75% reduction of nodules with a volume of 10 to 20 mL and
65% reduction in those with a volume of >20 mL). This shows the difficulty in
complete ablation of large nodules with a single-session ablation. Large nodules
may require additional treatment of untreated peripheral portions of nodules which
can regrow on long-term follow-up.

Autonomously Functioning Thyroid Nodules

In a systemic review and meta-analysis, radiofrequency ablation has proven to
be effective in treatment of AFTN. The volume reduction rate was 79% at the
I-year follow-up. TSH normalization or scintigraphically proven efficacy of
RFA was about 60% [35]. AFTNs are more likely to respond when their baseline
volume is <12 mL and when the volume is reduced by at least 80% after
12 months from the treatment [35, 36]. The result is in line with the concept that
the greater the baseline volume, the higher the likelihood to undertreat hyper-
functioning areas, leading to hyperthyroidism or symptom relapse. A tailored
patient selection with complete ablation seems the key to successful conversion
to euthyroidism in AFTN.

Marginal Regrowth

Even with excellent volume reduction and improved symptomatic and/or cosmetic
problems, nodule recurrence has been reported after RFA, which varies from 5% to
35% [37-44]. Regrowth is defined as >50% increase of nodule volume compared to
the smallest volume recorded previously during the postprocedural follow-up evalu-
ations [45]. Most cases of regrowth occur as a result of marginal regrowth [46].
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Marginal regrowth, also known as regrowth phenomenon, occurs from the under-
treated peripheral portion of the tumor. When follow-up US results suggest regrowth
of an untreated peripheral portion of the nodule, an additional RFA should be
scheduled.

According to Dr. Sim et al., a volume increase of the viable portion was an early
indicator of regrowth in treated nodules, which occurred about 1 year earlier than
the increase of the total volume [37]. The volume of the viable portion in a treated
nodule can be calculated by the following formula (Fig. 18.28).

Total volume (Vt) = Viable volume(Vv)+ Ablated volume (Va)

Viable volume (Vv) = Total volume (Vt) — Ablated volume (Va)

Ablation of the peripheral portion is the key to achieving a satisfactory volume
reduction and preventing regrowth of the nodule, which requires repeat sessions.
Because of recurrence induced by marginal regrowth, complete ablation of the nod-
ule margin was emphasized [46].

Several factors were described to influence the nodule regrowth or efficacy [42,
47-51]. It is reported that single-session ablation is effective in most thyroid nod-
ules [33, 52]; however, for nodules larger than 20 mL, additional ablation may be
required to achieve sufficient volume reduction [34, 52]. Tumor vascularity was
another influencing factor. The tendency to regrow is relatively high for nodules
with abundant peripheral vascularity, which can be attributed to incomplete ablation
by the heat-sink effect [53]. To prevent this, vascular ablation technique was sug-
gested by Park et al. [26].

Fig. 18.28 The viable portion (blue outer shell) vs. the ablated portion (yellow inner core) of an
ablated tumor. (With permissions from Park [20])
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Moreover, possible other influencing factors of the regrowth or efficacy are the
tissue characteristics of the thyroid nodule, nodular margin, proximity of the nodule
to the critical structures, the total energy deposition during the initial session, and
the type of energy source by treatment modalities [23, 47, 52-55].

Complications

Although the complication rate of RFA is low, various complications may still
occur. No deaths related to RFA have been reported. The first and largest study of
complications in the treatment of benign nodules with US-guided RFA was reported
in 2012 by KSThR. From June 2002 to September 2009, 1459 patients underwent
RFA of 1543 thyroid nodules with an RF system with internally cooled electrodes
at 13 thyroid centers. Twenty (1.4%) major complications were reported, including
voice changes in 15 patients, nodule rupture in 3 patients (including 1 patient with
abscess formation), hypothyroidism in 1 patient, and brachial plexus injury in
Table 18.11 [50].

Pain
Pain is the most common symptom associated with the procedure. Most patients

complain of various degrees of pain at the ablated site or pain radiating to the head,
ears, shoulders, chest, back, or teeth.

Table 18.11 Complications resulting from thyroid radiofrequency ablation

Number of Time of detection | Time to recovery
Complication or side effect complications (days) (days)
Major 20 (1.4%) 1-180 1-90
Voice change 15 (1.02%) 1-2 1-90
Nodule rupture 2 (0.14%) 22-30 <30
Nodule rupture with abscess 1 (0.07%) 50 None
formation
Hypothyroidism 1 (0.07%) 180 None
Brachial plexus injury 1 (0.07%) 1 60
Minor 28 (1.92%) 1-2 1-30
Hematoma 15 (1.02%) 1 <30
Vomiting 9 (0.62%) 1-2 1-2
Skin burn 4 (0.27%) 1 <7
Side effect 46 (3.15%) 1 1-2
Pain 38 (2.6%) 1 1-2
Vasovagal reaction 5(0.34%) 1 1
Coughing 3(0.21%) 1 1

Note: As reported by Baek et al. [50]
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Management
e Turn off RF output and stop RFA.

Voice Change

Voice change is one of the most serious complications of RFA ablation and is
caused primarily by thermal injury to the RLN, which is different from mechani-
cal injury in the surgical field. Although most patients show complete voice recov-
ery, usually within 60-90 days, some severe injuries can result in permanent RLN
palsy [50].

Management

* RF output is turned off immediately.

e Perithyroidal injection of dextrose 5% in water (DSW).

* As arescue maneuver for voice change during the ablation, chilled DSW can be
injected using a 25 G or 27 G needle to cool down the temperature around the
nerve. The needle is advanced toward the medial and inferior margin of the
carotid artery. Under US guidance, 10-20 cc of the chilled DSW can be quickly
injected enough to propagate into the tracheoesophageal groove where the nerve
is located (Fig. 18.29). This hydrodissection technique has proven effective not
only for a quick recovery of the voice change but also in preventing permanent
nerve injury [51, 56].

Hemorrhage

Hemorrhage is usually caused by mechanical injury to the perithyroidal vessels.
These vessels can be scanned using color Doppler before insertion of the electrode.

Fig. 18.29 (a) Hydrodissection as a rescue maneuver in voice changes (With permissions from
Park [20]). (b) US scan showing D5W injected between the right common carotid artery and pos-
terolateral margin of the thyroid gland; IJV internal jugular vein, CCA common carotid artery
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Extraglandular Hemorrhage

Serious perithyroidal hemorrhage can happen when the tip of the electrode per-
forates the carotid artery or systemic artery. US tracking of the electrode is the
key during the moving-shot technique to prevent this. Caution is needed espe-
cially when the needle is advanced toward the systemic artery and its branches,
such as carotid/subclavian and superior/inferior thyroid arteries. The perithyroi-
dal space can be filled with echogenic blood and can expand when there is an
arterial injury. Due to the deep location of the perithyroidal space, manual com-
pression may not be effective in controlling bleeding. The bleeding will usually
stop by tamponade in the absence of coagulopathy. But if bleeding is continuous,
it could compress or deviate the trachea. It is important to check the patient’s
vital signs, especially respiration and oxygen level (PaO,), and maintain the air-
way. Staff should be well prepared for worst-case scenarios, such as intubation
or emergency operation.

Intranodular Hemorrhage

Arterial bleeding is more likely than venous bleeding. Arterial bleeding will appear
as an abrupt expansion of the nodule with amorphous new echogenicity on US but
can be well controlled by direct ablation of the hemorrhagic focus.

Management
e Use a color Doppler when bleeding is suspected or detected.
e Stop the procedure and apply manual compression

— If the bleeding continues, stop the ablation and start observing the patient’s
condition. Cauterize the bleeding focus if feasible.
— If the bleeding stops, the ablation could be continued.

Hypothyroidism

There have been only a few reports of hypothyroidism after RFA [50, 51]. Patients
who developed hypothyroidism after thyroid ablation had increased thyroperoxi-
dase antibody and/or thyroglobulin antibody levels before ablation [56—60].
Although the risks of hypothyroidism are very low and its cause is unclear, patients
with elevated antibodies before ablation should be informed of the risks of hypothy-
roidism after RFA [61].

Rupture

After ablation, rupture of benign thyroid nodules may be caused by volume expan-
sion resulting from delayed hemorrhage or tearing of the nodule wall. Nodular rup-
ture should be suspected in patients who complain of sudden neck bulging and pain
during follow-up periods.
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Management
» Conservative management:

— Gentle compression of the bulging site: avoid invasive procedures such as
needle aspiration.

* Surgical incision and drainage can be considered if needed.

Tracheal Injury

The initial symptom of tracheal thermal injury is cough. Perforation of the trachea
is caused by severe thermal injury.

Management
* Without perforation: observation with conservative management
» With perforation: emergency operation

Esophageal Injury

Esophageal perforation from direct thermal injury may result in neck infection and
abscess formation.

Management

* Without perforation: observation with conservative management such as pain
control and antibiotics coverage

* With perforation: emergency operation or stent placement

Thermal injury to both the trachea and esophagus may cause neck abscess and
tracheoesophageal fistula.

Nausea and Vomiting

Some patients may experience nausea and vomiting after RFA. The cause of these
symptoms is unclear. It could be from a disturbance of the autonomic system, espe-
cially irritation of the vagus nerve.

Management
e IV antiemetics
Edema and Fever

These are usually transient and self-limited; however, medication may be helpful to
alleviate symptoms.
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Management

A single IV bolus of steroid

— 40-80 mg of methylprednisolone

A single IV bolus of anti-inflammatory medications
— IV acetaminophen

Ice pack
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Introduction

Interventional radiology (IR) is built on a legacy of angiography and embolization.
Refined over recent decades, these modalities have been successfully applied to
acute trauma, elective benign, and elective malignant therapeutics. Applying these
methods to the thyroid has the potential to significantly improve patient care by
providing minimally invasive options to treat common conditions. For example, in
the benign domain, embolization has already been safely demonstrated for a goiter
to facilitate surgery or to treat pain, sleep apnea, dyspnea, dysphagia, and/or cos-
metic issues. In the malignant domain, angiographic techniques are poised for
locoregional therapeutics and synergistic adjuvant therapies.

This chapter aims to create a primer for transarterial locoregional thyroid inter-
ventions. Attention is first directed to salient structural relationships succinctly
detailed regarding equipment strategies to achieve technical success and avoid com-
plications. An evidence-based framework to guide patient selection and clinical
patient care will follow with attention first directed to the benign and then malignant
applications. Drug delivery will be reviewed regarding the potential for neoadjuvant
radiotherapy and immunotherapy environmental priming. Specific nuances will be
discussed, for example, iodine-free transradial angiography in performing radiosen-
sitizing neoadjuvant microenvironment sculpting for I-131 re-treatment.

Practical Anatomic Considerations for Thyroid Embolization

The arterial anatomy of the thyroid is variable because the embryologic thyroid
descends simultaneously with aortic arch development [1]. The embryologic thy-
roid is initially enclosed in a network of arteries, the majority of which disappear
[2], giving rise to the conventional four arteries of the thyroid: right superior, right
inferior, left superior, and left inferior thyroid arteries, respectively.

The superior thyroid artery (STA) arises from the external carotid artery (ECA)
to supply the supero-antero-medial gland and isthmus [3]. The inferior thyroid
artery (ITA) arises from the subclavian artery (SCA) to supply the posterolateral
gland [4] and, variably, the isthmus [2]. The ITA can arise from the subclavian
artery and vertebral artery, or rarely be absent in approximately 5% and 1% and up
to 5% of patients, respectively [2]. When absent, a concurrent variant artery, thyroi-
dea ima, arising directly from the aortic arch or brachiocephalic artery (BCA) [3]
can replace the ITA to supply its territory [1, 5].

The right lobe is more vascular than the left and is often larger in both health and
disease [6], and the ITAs are more prominent than the STAs in mature patients.
Blood flow in the thyroid (4—6 mL/minute/gram) is more vigorous than the kidney
(3 mL/minute/gram) and especially so in Graves’-associated goiter where it can
reach 1 L/minute with a systolic bruit or thrill [6]. This degree of blood flow implies
a rich capillary network.
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The expected vascular arborization relevant to locoregional drug delivery has
incidentally been studied for a different purpose: the creation of surgical neck flaps
for wound closure. The neck skin is supplied by a dermal-subdermal plexus derived
from myocutaneous perforators of the sternocleidomastoid, strap muscles, and tra-
pezius [7]. The same perforating system supplies the arterial plexus of the thyroid
gland and vascular supply to the neck musculature after ligation of the thyroid arter-
ies. The occipital and suprascapular arteries supply the superior and inferior sterno-
cleidomastoid muscle after surgical ligation of the STA [8]. The internal mammary
arteries supply the strap muscles after ipsilateral STA and ITA ligation [9]. The
thyrocervical trunk, specifically the transverse cervical branch or the superficial cer-
vical branch, supplies the trapezius muscle [9]. Based on the knowledge of this
arborization, the thyroid gland can be selectively targeted through each distinct arte-
rial supply.

A comprehensive understanding of this robust arterial supply to the thyroid gland
is vital to avoid potential complications. In any embolization procedure, there is a
risk of non-target embolization, and anatomic variants impact this risk. In arterial
embolization of the thyroid gland, the brain, spinal cord, larynx, face, tongue, para-
thyroid glands, trachea, esophagus, and hands are at risk for potential non-target
embolization.

Anatomic Determinants of Non-target Embolization to the Brain

As noted above, the STA arises from the ipsilateral ECA, and the ITA arises from
the ipsilateral thyrocervical trunk. Thus, the radial approach to the thyroid gland is
protective in patients with normal anatomic branch patterns as arterial superselec-
tion occurs distal to the carotid and vertebral artery origins. In these cases, refluxate-
containing particles would embolize the hands, shoulder girdle musculature, face, or
tongue, rather than the brain. While this normal anatomic branching pattern occurs
in most cases, anomalous arterial branch patterns must be anticipated and ideally
identified before the procedure with a CT angiogram or other imaging modality.
Non-ECA origins may benefit from embolic strategies such as flow-controlling
catheters or non-particulate embolic agents to allow safe treatment. Specific to the
STA, Gupta et al. [9] found an expected or normal origin of the STA in approxi-
mately 70% of patients bilaterally, with the remainder variably arising unilaterally
from the common carotid artery (CCA) or internal carotid artery (ICA), with less
than 10% having aberrant origins bilaterally. However, two cadaveric series by
Ozgur [10] and Won [11] provide a less optimistic view demonstrating only 20%
have a normal origin of the STA from the ECA, with 40% arising from the CCA and
40% from the carotid bifurcation. Angiographic images at the time of embolization
should be carefully reviewed for detecting aberrant extra-thyroidal arterial supply.
Pre-procedure workup and intraprocedural angiography must be utilized to clar-
ify whether cerebral vessels will be at risk at the outset of embolization or during
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embolization once flow dynamics may have changed. Specific to the ITA, Toni et al.
[12] performed a meta-analysis of over 6000 cadaveric analyses concluding that the
ITA arises from the thyrocervical trunk in 90%, from the subclavian artery in 9%,
and from the vertebral and common carotid arteries (CCA) in the remainder. Toniato
reported CCA-origin ITA in 2 out of 8000 thyroidectomies [13], with Nyeki [14]
purporting retrovascular goiter position in those cases. When the terminal branch of
the ITA is the target in thyroid embolization, rami proximal to this include the
ascending cervical artery, which serves the deep neck muscles but more importantly
communicates with the vertebral artery [3], placing the posterior cerebral circula-
tion at risk for non-target embolization.

There is extensive communication between the STA and ITA beds [15]. STA-to-
STA or STA-to-contralateral ITA communication occurs in 80% of patients [3]. In
20% of patients, all ITA and STA vessels intercommunicate. Therefore, caution
should be taken when using very small particles in conjunction with flow cessation
devices, such as balloon microcatheters, that may alter hemodynamics and poten-
tially cause left-to-left retrograde embolization subject to the above anatomic
variations.

In a small series of thyroid angiograms in patients with thyroid carcinoma,
Mojab [16] noted arteriovenous connections likely related to tumor angiogenesis. In
the presence of a patent foramen ovale, these connections could result in double-
paradoxical embolization reaching the brain via the left-to-right shunt. It is unclear
if this is externally generalizable to goiter patients in general; however, the possibil-
ity and implications should be noted.

Angiography via femoral access can be beneficial as bilateral thyroid interven-
tions can be accomplished with single cannulation. The thyroidea ima, a variant
vessel arising more centrally from the arch vessels serving the isthmus and lobes
variably, may also be preferentially accessible via the femoral access. However,
specific risks should be considered when utilizing the transfemoral approach.
Atherosclerotic plaque may become dislodged along the arterial course to the thy-
roid target. Again, catheter selection favoring occlusive balloon or umbrella cathe-
ters and avoiding embolic agents other than slowly injected particles should be
considered to minimize downstream embolization which may reach the brain.

Anatomic Determinants of Non-target Embolization
to the Spinal Cord

Spinal cord blood supply is segmental, and branches of the STA and ITA may con-
tribute proximal branches to the spinal cord [17]. To minimize non-target emboliza-
tion to the spinal cord, the desired treatment target is the terminal thyroid branch. It
is important to note that the vertebral arteries also give branches to the spinal cord
and the treatment vessel may rarely take off from a vertebral artery. Cone beam CT
remains an important technology to delineate spinal cord perfusion once a target
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vessel has been selected. Direct injection of the target vessel at that level may reveal
unnamed collaterals recruited from the spinal cord that may reverse flow during
embolization as the downstream territory occludes.

Anatomic Determinants of Non-target Embolization
to the Larynx, Face, Tongue, Skin, and Muscles

The STA is usually the first branch from the ECA, originating in a superior trajec-
tory before coursing inferiorly. Cadaveric analysis by Won [11] revealed this
expected anatomic origin of the STA from the ECA in approximately 80%, with the
remainder arising from either a thyrolingual or linguofacial trunk. After arising
from the ECA, the STA can give rise to the infrahyoid artery, supplying infrahyoid
strap muscles. The STA can also give rise to the superior laryngeal artery, supplying
the laryngeal mucosa and muscles of the larynx [3] before the terminal STA branches
reach the thyroid.

The serpentine anatomy of the STA poses specific challenges in thyroid emboli-
zation to avoid inadvertent particulate embolization to the larynx, face, tongue, ster-
nocleidomastoid, and strap muscles due to microcatheter kinking and particulate
clogging. Embolization targeting the anterosuperior segments of the thyroid risks
non-target embolization of the lingual and facial arteries.

Importantly, many of these structures remain unscathed after routine surgical
ligation of the vessels implicated. The reason for this difference is that when surgi-
cally evident vessels are ligated, this leaves the downstream tissue with reduced
arterial blood pressure, but it is also free to seek collateral flow from alternative
arteries (as previously detailed), and the tissue does not necrose. In contrast, unin-
tentional particle embolization from the same branches is more harmful because
particles are designed to lodge deep in the tissue, and the tissue cannot escape
necrosis. Particle size is also relevant as embolic particles <100 micrometers pose
the greatest risk for causing skin and mucosal damage [17, 18].

Anatomic Determinants of Non-target Embolization
to the Parathyroid Glands

Due to shared arterial blood supply, the parathyroid glands are also at risk for inad-
vertent ischemia. In normal anatomy, there are four parathyroid glands, with five or
more in 10% of patients and three glands in 3% of patients [7]. The position of the
superior parathyroid glands is more predictable, and they are symmetric 80% of the
time, most frequently at the level of the cricoid [19]. The inferior parathyroid glands
are more variable in location.
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A well-perfused solitary parathyroid gland is generally considered sufficient to
prevent hypocalcemia. If there is clinical concern for hypoparathyroidism, rapid
serum PTH testing can reliably confirm the presence of hypoparathyroidism and
predict the subsequent risk of hypocalcemia. The rapid PTH testing has an approxi-
mately 1-h turnaround time and is available at most major surgery centers.

After embolization, the interventional radiologist should be aware of clinical
signs of hypocalcemia, including paresthesia or a positive Chvostek’s sign. Severe
hypocalcemia can lead to tonic-clonic seizures, laryngeal stridor, and eventual tet-
any [20]. These factors should be considered especially when performing emboliza-
tion on the third or fourth quadrant of a patient in whom the other two quadrants
have already been embolized.

The superior parathyroid glands are supplied by the STA in only 15% of the time
and by the ITA in the remaining 85% of cases [21]. Truncal ligation of the ITA
proximal to parathyroid branches does not necessarily result in permanent postop-
erative hypocalcemia [22] despite the risk of temporary symptomatic hypocalcemia.
This is supported by Johansson [23], who noted that ITA occlusion decreased para-
thyroid blood flow by only 40% on laser Doppler flowmetry. Occlusion of only the
STA caused a similar decrease. In contrast, occlusion of the ipsilateral ITA and STA
caused profound parathyroid ischemia supporting the idea of a rich paraglandular
collateral network [23]. The findings are attributed to STA-ITA intercommunication
demonstrated angiographically [24-26], and consistent with this, cases of bilateral
ITA embolization resulting in clinical hypoparathyroidism have not been reported
thus far. However, in patients who undergo repeated bilateral posterior segment
embolizations, there is a risk of causing hypoparathyroidism since each emboliza-
tion carries a risk of embolizing both the direct and backup collateral arterial sup-
plies to all or many of the parathyroid glands. Therefore, treatment planning should
include a consideration of which parathyroid glands are intact and careful consider-
ation of embolization targets.

Anatomic Determinants of Non-target Embolization
to the Trachea and Esophagus

Arteries that serve the thyroid can also give rise to branches supplying the trachea
and the esophagus. This is a very important anatomic finding to exclude on angiog-
raphy before particle delivery. Specifically, the ITA gives rise to tracheoesophageal
vessels [27] supplying the cervical-level trachea and upper esophagus at the corre-
sponding level. The lower trachea and carina are supplied by the bronchial arteries.
The tracheal plexus is formed by the junction of the inferior laryngeal artery and
ITA [3] with contribution from the anterior mediastinal branches of the internal
mammary arteries and bronchial arteries. The STA does not supply the trachea
directly but does contribute to an STA-ITA collateral plexus supplying a small area
of the anterior trachea [27]. Thus, inadvertent embolization to the trachea or esopha-
gus may occur during the thyroid-targeted intervention.
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Anatomic Determinants of Non-target Embolization to the Hand

In typical arterial configurations, the axillary artery is the first downstream reflux
vessel from the thyrocervical trunk. As the ITA arises from the thyrocervical trunk,
this anatomic relationship should be noted during thyroid embolization procedures.
Accessing the thyroid gland via the radial artery and subsequently the thyrocervical
trunk may result in refluxate embolization to the ulnar, or less likely the radial dis-
tribution of the hand.

Technical Fundamentals and Equipment Considerations

Intimate knowledge of thyroid anatomy, arterial supply, and available equipment is
of paramount importance in successful thyroid embolization. The majority of avail-
able clinical studies have reported the use of small sterile microscopic beads made
from medical-grade plastics as the embolic agent of choice. These small particle
embolics are designed to match the size of the intended target arteriole or capillary
bed to result in therapeutic occlusion. The basis for particle-vessel size matching
aligns with the goal of embolization in that tissue necrosis is the desired endpoint to
reduce the volume of the goiter and allow for physiologic normalization of produc-
tive thyroid tissue. As noted above, ideal particle size should be selected based on
target and potential non-target tissue as embolic particles <100 micrometers pose
the greatest risk for causing skin and mucosal damage [17, 18]. Therapies utilizing
particle embolics can be titrated to quantitative endpoints, such as stasis in second-
order vessels for five heartbeats on post-embolization angiography. These embolic
procedures can also be repeated, which is another favorable aspect of the therapy.

There is extensive collateralization of vessels in the thyroid, which favors parti-
cle embolics that deposit in tissue. This extensive collateral vessels can also result
in non-target embolization. The option for therapies utilizing drug-eluting particle
deposition in the future is enticing. However, the risk of non-target drug delivery
through these collaterals should remain a concern and warrant careful utilization.

The choice of contrast should also be carefully considered. Thyroid embolization
is ideally performed without the introduction of significant iodine, and gadolinium
can be utilized alternatively. Carbon dioxide, on the other hand, carries an unneces-
sary risk of vapor locking (gas overfilling and occluding blood flow in major ves-
sels) when utilized in the neck and should be avoided. Histoacryl with Lipiodol,
while excellently visible, may also not be the optimal agent because its penetration
is very distal, and there is a risk of the catheter becoming stuck in the vessel, which
is avoidable with the use of particles.

As mentioned above, specific risks should be considered when utilizing the tran-
sradial versus transfemoral approaches with respect to potential non-target emboli-
zation. The use of a transradial approach for these procedures may significantly
reduce the risk of non-target embolization to critical structures in the head and neck.
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When utilizing the transfemoral approach, atherosclerotic plaque may become dis-
lodged along the aorta, carotid, or vertebral arteries. Antireflux umbrella- or balloon-
style catheters can be used in both approaches. When cannulating the STA
specifically, the serpentine course predisposes to kinking the microcatheter and sub-
sequent to particulate clogging. Thus, selecting a RIM-style selection catheter may
help avoid this pitfall.

Clinical Considerations for Thyroid Embolization

Goiter Embolization

Despite widespread iodine supplementation, goiter maintains a prevalence of up to
6% [28] of the US population and carries an association with autoimmune disorders
such as Graves’ or Hashimoto’s thyroiditis. Of the 100 million patients from iodine-
replete parts of the world with goiter [29], up to 15% will require surgery [30], and
if subtotal thyroidectomy is performed, 10% of patients may warrant reopera-
tion [30].

Embolization of goiter can be considered in patients with bulk symptoms (dys-
pnea, dysphagia, pain, sleep apnea, and cosmetic disfigurement) who are not candi-
dates for a standard surgical option or who would become safer surgical candidates
with embolization. For example, embolization can be targeted to shrink a retroster-
nal goiter component and allow surgical resection without the need for a median
sternotomy. For patients who cannot undergo surgery, partial goiter embolization
may provide the option to titrate the patient’s goiter reduction with staged treat-
ments. Embolization is clinically well tolerated. When applied carefully, it may
represent a thyroid-sparing alternative to other treatment options, potentially with a
lower risk of vocal paresis, hypoparathyroidism, or thyroid medication dependence.

Support for embolization of goiters has already been demonstrated outside of the
United States, but there are less than 200 cases reported in the English-language
literature [31]. The first reports are attributed to Galkin in 1994 for primary goiter
[32] and recurrent goiter [33]. More definitive studies are needed to delineate patient
populations likely to benefit from the embolization, quantify arterial embolization
targets to reach the desired clinical effect, and measure the impact of embolization
in reducing intraoperative blood loss, operative time, and rate of sternotomy. The
existing body of literature supports this direction (Table 19.1).

Embolization as an Alternative to Radioiodide Therapy
Radioiodide therapy is not recommended in several patient populations. Radioiodide

treatment is contraindicated in pregnant patients or those who desire pregnancy
within 6 months to a year after completing treatment. Patients with local
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Table 19.1 Clinical Reports of embolization for goiter with emphasis on novel, large, or recent

reports within the last 5 years

Author

Design

Patients

Embolic agent

Outcomes

Major
complications

Rohr, 2016
[34]

Case report

1

500-700 micron
particles

Resolution of
thyroid storm
allowing safe
thyroidectomy

None

Ducloux,
2016 [31]

Case report

300-500 micron
particles

TSH low
pre-procedure,
decreased then
reached normal
range at 2 months
fT4 mildly
elevated
pre-procedure,
normalized at

3 weeks

Brief post-
embolization mild
hyperthyroidism
asymptomatic

None

Kaminski,
2014 [35]

Retrospective

22

Histoacryl +
Lipiodol mixture
or

150-200 micron
PVA followed by
200-300 micron
PVA

Embolization of
bilateral inferior
thyroid arteries
did not cause
significant
hypocalcemia
Post-embolization
syndromes
included mild
neck pain and
elevated
temperature
Post-embolization
rise in fT4 was
asymptomatic
Graves:
Significant
decrease in
thyrotropin
receptor antibody
level after
treatment

None

5/22 (23%)
transient
hypocalcemia
without
supplementation

(continued)
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Author

Design

Patients

Embolic agent

Outcomes

Major
complications

Brzozowski,
2012 [36]

Retrospective

15

Histoacryl +
Lipiodol

Transient
asymptomatic
elevation of fT3
and fT4

Goiter volume
reduction 32%
Reduced need for
thyreostatic drug
usage at 4-year
follow-up (2 of 3
patients on
Thiamazole no
longer needed it
after procedure
because of
euthyreosis)

None

1/15 (7%)
transient
asymptomatic
hypocalcemia

Tartaglia,
2011 [37]

Retrospective

100 micron
followed by 250
micron particles

Normalization of
thyroid
hyperfunction at
the 6-month
follow-up study
and reduction of
esophagotracheal
compressive
symptoms durable
at 1 year
follow-up. No
further follow-up
available

None

One patient
needed
re-treatment
attributed to
recanalization of
vessels

Zhao, 2009
[38]

Case report

—_

Alcohol +
Omnipaque
(under local
anesthesia)

Thyroid bruit
resolved
immediately post
procedure
Normalization of
thyroid function at
2 months (patient
was in thyrotoxic
crisis prior to
treatment)

None

Zhao, 2008
[39]

Prospective

PVA + Papaverine
+ Omnipaque

At 3-year
follow-up:
Complete
response 26/37
(70%)

Partial response
4/37 (11%)
Recurrence 7/37
(19%)

None
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compressive symptoms or ophthalmopathy may experience progressive and wors-
ening symptoms after radioiodide therapy. Furthermore, some patients may not be
appropriate candidates for radioiodide treatment. For example, goiters secondary to
Graves’ disease may have insufficient iodine uptake to result in effective treatment
with radioiodide.

Brito et al. demonstrated in their meta-analysis that multinodular goiter is associ-
ated with a lower risk of thyroid cancer than solitary nodules (odds ratio 0.8 with
95% CI 0.67-0.96 including 44,288 patients) [40]. However, Graves’ disease and
Hashimoto’s thyroiditis likely predispose patients to papillary thyroid cancer. Thus,
if concern for underlying thyroid malignancy exists, radioiodide treatment may not
be the preferred treatment option as the resultant scarring would make the future
surgical intervention more challenging and increase the risk of hypoparathyroidism
or recurrent laryngeal nerve injury.

Thyroid Embolization in Treatment of Graves’ Disease

Embolization may be considered for endovascular management of Graves’ disease
as it can reduce autoimmune antibody load and is neutral to the calcium-phosphate
balance [35]. Graves’ disease-related goiter embolization has the potential to create
long-term immunonormalization in a fashion similar to subtotal thyroidectomy
[39]. This is important as lower antibody levels reduce the risk of ophthalmopathy
and placental transfer. Zhao et al. [41] performed embolization with priority for the
superior thyroid arteries. On day seven, post-embolization biopsy findings included
acute infarction and necrosis of the glandular epithelium and interstitium. At
6 months post-embolization, chronic inflammation and fibroplasia were the domi-
nant findings. At 3 years post-embolization, lymphocytic infiltration was superim-
posed on the interstitial fibroplasia. Clinically, the level of TSAb (thyroid-stimulating
antibody) decreased. This is the primary autoantibody in Graves’ stimulating
thyroid-stimulating hormone receptor (TSHR) to inhibit apoptosis and promote fol-
licle growth and function [41].

Zhao et al. [42], in a partially overlapping study with that above, followed 37
patients for 3 years, and no patients developed hypothyroidism or hypoparathyroid-
ism after embolization. The parathyroid protection was attributed to the emboliza-
tion of superior thyroid arteries and only one of two inferior thyroid arteries.
Massive thyroid storm did not occur despite aggressive embolization, and this was
attributed to generous collateral supply limiting the rate of necrosis in the thyroid.
However, the levels of thyroid hormones did begin to increase on day three after
embolization owing to the necrotic release of these hormones, which also signaled
negative feedback on TSH. The same group found on post-embolization biopsies in
Graves’ disease patients that embolization decreased expression of VEGF (vascular
endothelial growth factor) and bFGF (basic fibroblast growth factor) while decreas-
ing MVD (microvessel density) based on CD34 staining [42] and that thyroid
embolization in Graves’ disease decreased the activity/titer and positive rate of
TSAb, normalized the ratio of CD4+ / CD8+ cells by 6 months, and gradually
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increased (normalized) the CD3+ / CD8+ ratio at 1 year [39]. They also found that
recurrent Graves’ disease was diagnosable by regression of the above immunologic
improvements, suggesting that further embolization may be needed in those patients
[39]. Of note, Tian et al. [43] showed that post-embolization thyroid hormone levels
reach their nadir by 3 months. If recurrence occurs, it is most commonly biochemi-
cally evident at 1 year.

Based on the current level of evidence, embolization therapy may be most help-
ful in research trials of hyperthyroid patients who have severe adverse reactions
with existing antithyroid medications for Graves’, including agranulocytosis or the
less severe granulocytopenia, rash, hepatotoxicity, vasculitis, or allergic reactions
requiring drug withdrawal. It may also be helpful for those who decline surgery or
who are not surgical candidates due to uncontrolled hyperthyroidism or comorbidi-
ties. Additionally, embolization may be of interest to female patients desiring future
fertility or a preference to defer radioactive therapy although suboptimal medical
control as women must wait at least 6 months after radioactive iodine treatment to
conceive.

Of note, Graves’ disease is not fully understood but felt significant to be a disease
of thyroid-specific autoimmunity. To simplify greatly, B cells make antibodies. B
cells have a surface marker called CD19; therefore CD19 is synonymous with B
cell. In the study by Zhou [39] the CD19 levels did not change after embolization,
corroborating with prior reports [44] that the culprit CD19 cells actually reside
within the thyroid and do not circulate peripherally. This begs the question of
locoregional immunotherapies for Graves’ that may not require embolization but
could rely on the first-pass extraction of medication injected slowly in a pressure-
modified arterial tree using balloon-expandable or umbrella-shaped flow limitation
microcatheters. T helper cell to T stimulating cell ratio normalized with clinically
successful embolization of Graves’ disease (owing to Ts or CD3 + CD8+ cell down-
regulation); however, the mechanism is unclear. Finally, natural killer cells (also
called CD16 + CD56+ were upregulated in the same study, attributed to a nonspe-
cific inflammatory reaction to “clean up” necrotic embolized thyroid tissue. Large
series will be needed to establish the complication rates from this procedure.

Thyroid Embolization and Thyroid Storm

Thyroid storm is frequently mentioned as a feared complication of thyroid emboli-
zation. However, Rohr et al. [34] reported the use of embolization to treat a patient
with thyroid storm. In that case, recent cardiac catheterization with iodinated con-
trast prevented radioactive iodine treatment. The condition was refractory to all
medical therapies, and surgical therapy was not an option due to concern for thyroid
storm. Complete resolution of thyroid storm was evident at 7 days, and the patient
underwent surgical resection on day 11.
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Antineoplastic Drug Delivery to the Thyroid

Endovascular drug delivery intends either to slowly infuse a medication to rely on
the first-pass extraction or to perform a micro-embolic load of drug-eluting particles
that can deploy from an ischemic microenvironment. Minimizing ischemia during
neoadjuvant radiosensitizing endovascular environment sculpting is an important
concept as the mechanism of tumor destruction in radiation therapy is the formation
of oxygen free radicals, which require intact blood supply. These concepts will be
further explored in the upcoming section of this review.

It is foreseeable that post-surgical patients requiring adjuvant radiosensitizing
drug delivery will have altered vascular anatomy after surgical ligation of the major
vessels serving the thyroid bed. In these cases, a diagnostic arteriogram may be
necessary to reliably identify candidate vessels for drug delivery as the collateral-
ization patterns are not predictable. The nuances described below will become
increasingly relevant in that setting.

Dedecjus et al. [45] reported on pre-surgical embolization of 20 patients with
thyroid cancer (7 inoperable anaplastic cancer with palliative intent, 13 differenti-
ated thyroid carcinoma with neoadjuvant pre-surgical intent). Both superior thyroid
arteries were embolized with 100-750 micron polyvinyl alcohol (PVA) particles
and coils, and one inferior thyroid artery was embolized with 100-750 micron
PVA. No major complications were observed. It was noted through case-control
comparison that embolization significantly reduced blood loss, reduced operating
time, and reduced postoperative drainage. Specific to the previously inoperable
patients, embolization improved breathing, swallowing, and pain symptoms as well
as tumoral bleeding. Thyroid hormones did not significantly increase until 36 h
post-embolization, and the authors suggested the operative window to be within this
range [45].

Rulli et al. [18] reported a patient in respiratory distress from rapidly enlarging
aggressive thyroid lymphoma who was emergently treated with bilateral superior
thyroid artery PVA embolization ranging from 150 to 300 microns. The patient was
able to tolerate surgery 48 h later with thyroidectomy and was noted to have mini-
mal bleeding and facilitated cleavage planes from thyroid edema. The pathologic
diagnosis of lymphoma was possible even though the gland had been embolized
48 h earlier. Beers et al. [46] reported a case of trachea-invasive medullary thyroid
carcinoma presenting with hemoptysis for which embolization was therapeutic.
Despite initial hemostasis with PVA embolization, tumor revascularization was
noted at 2 months post-embolization. Tazbir et al. [47] performed palliative thyroid
embolization with 500-710 micron PVA on five patients with anaplastic thyroid
carcinoma which temporized hemorrhage and pain from the inoperative condition.
Ramos et al. [48] used PVA and Histoacryl to embolize a goiter harboring medul-
lary carcinoma, facilitating surgery for the retrosternally extending gland 7 days later.

Advanced medullary thyroid carcinoma is an especially difficult cancer to treat
when inoperable, as surgery is the mainstay of treatment [8]. Two potential tech-
niques of combining angiographic techniques in the salvage or palliative setting
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have not yet been reported. The first technique for chemoembolization of medullary
thyroid cancer is with drug-eluting beads bound to doxorubicin (DEB-DOX) in
order to prime the field for radiotherapy. Ideally, this would be minimally embolic
as the mechanism of tumor death by radiotherapy is oxygen free radical formation,
an important distinction from the embolic endpoint in medullary thyroid carcinoma
where liver metastases are embolized with DEB-DOX to stasis to obtain best results
[49]. DEB-DOX would carry the benefit of minimizing non-target dose in patients
with cardiac comorbidities for the cardiotoxic doxorubicin. The second technique
that has not yet been reported is the locoregional delivery of antibody-bound radio-
immunotherapeutics such as yttrium-90-anti-CEA [8]. Since medullary thyroid car-
cinomas can express carcinoembryonic antigen (CEA) on their surface, the
yttrium-90-anti-CEA therapy has shown to be effective. However, the systemic
infusion of radiolabeled antibodies is known to cause dose-limiting hematologic
toxicity, usually requiring pre-treatment harvest of peripheral blood stem cells.
Endovascular drug delivery, possibly with a flow-limiting catheter to enhance first-
pass extraction in the tumor, may one day substantially limit the number of patients
in which “myeloablative” protocols of radiolabeled antibody therapy are needed to
obtain adequate tumor response such as in patients with locoregional inoperable
disease. Additionally, a common pitfall for radioimmunotherapy and nanoparticle-
directed therapy is extraction in the reticuloendothelial system, namely, the spleen
[50], whereby the aforementioned injection techniques may allow a smaller dose of
the therapeutic to be injected directly to the target, in a repeatable fashion if desired.
Gene therapies targeted with viral vectors [51] have been developed for medullary
thyroid cancer and can also be delivered in the same fashion, although this has not
yet been reported.

Immunotherapeutics for thyroid carcinoma have shown promise but have not yet
been studied with local delivery. For example, locally advanced medullary thyroid
carcinoma has been treated with systemic Vandetanib [52] and Cabozantinib [53].
In the case of Cabozantinib, for example, systemic administration, increased
progression-free survival from 4 months to 11 months [53]. These drugs are often
dose-limited due to toxicities, and in locally advanced thyroid cancer, locoregional
drug delivery has not yet been reported. Of note, early observations regarding risks
for tracheoesophageal fistula after radiation combined with immunotherapeutics
[54] or tyrosine kinase inhibitors [55] may be tangentially relevant here, because
local delivery of the drug may improve target concentrations and may reduce the
dose of radiation needed to consolidate the treatment effect.

Vaccine-type immunotherapy for medullary thyroid carcinoma using dendritic
cells pulsed with tumor antigen has also been described in systemic applications.
However, all patients in early studies developed strong delayed-type hypersensitiv-
ity skin reactions [56]. It is possible that locoregional administration of a lower dose
may be just as effective and reduce the incidence of these adverse reactions.
Therefore, further studies are warranted.

Targeted therapy can change the tumor microenvironment and prime radioactive
iodine-resistant thyroid cancer to become sensitive [57]. Dabrafenib, a BRAF inhib-
itor, restored radioactive iodine uptake in advanced papillary thyroid cancer patients
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by causing redifferentiation in six of ten patients, with two of six having a partial
response [58]. Dabrafenib has a neutral charge and therefore may not be directly
chemically bound to existing drug elution bead platforms; however very recently, an
immobilizable analogue i-Dabrafenib has been created [59] for adhesion to sepha-
rose beads. Forthcoming trials may study DEB-DAB microenvironmental priming
for radio-sensitization or chemo-sensitization of locally advanced PTC. It would be
important to mix these with gadolinium so as not to saturate the target thyroid tissue
with iodine from iodinated contrast. This would competitively inhibit the binding of
radioactive iodine treatment for weeks to follow, delaying the patient’s therapy [60].

Summary

As minimally invasive embolic options are applied throughout the body, the appli-
cations to the thyroid are emerging for benign and malignant conditions.
Embolization of goiter is at the forefront in this domain, with the potential to pro-
vide easier surgical resection with decreased blood loss and postoperative drainage
and the potential to shrink a retrosternal component to prevent the need for manu-
briotomy. Partial goiter embolization may be performed in successive titrated treat-
ments to provide outpatient goiter reduction for the treatment of bulk symptoms
while sparing vocal function and potentially leaving the patient euthyroid.
Comprehensive knowledge of thyroid anatomy, available equipment, and relevant
techniques is vital for successfully targeting the thyroid gland arterial supply while
avoiding potential pitfalls and complications. Forthcoming applications of trans-
catheter embolic technology may include immunonormalization of patients with
Graves’ disease, acute therapy for thyroid storm, and chemoembolic priming for
immunotherapy and radiotherapy to allow reduced-dose radiotherapy. Ongoing and
forthcoming studies on these topics will likely shape minimally invasive embolic
strategies in the years to follow the current report.
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Chapter 20
Interventional Treatment of Hepatic
Endocrine Tumors

Kurt Zacharias and Osman Ahmed

Introduction

Hepatic neuroendocrine tumors are almost exclusively metastatic in nature and can
arise from primary neuroendocrine tumors of the foregut, midgut, or hindgut.
Carcinoids represent the most common origin of hepatic neuroendocrine metasta-
ses, although gastrinomas, thymomas, and pancreatic islet cell tumors, among oth-
ers, have been known to metastasize to the liver [1].

Primary hepatic neuroendocrine tumors represent only approximately 0.3% of
all hepatic neuroendocrine tumors. These tumors are often slow-growing (without
early symptoms) and are usually only detected in the middle and late stages when
they have reached a significant size. Primary hepatic neuroendocrine tumors are
almost exclusively diagnosed postoperatively [2].

Neuroendocrine neoplasms demonstrate varying malignancy levels and diverse
symptomatology; however, they exhibit relatively consistent imaging patterns when
metastatic to the liver [1]. They are notably hypervascular to the background liver
and are detectable on multiphase CT with a sensitivity of approximately 70-85%
[3] (Fig. 20.1).

On MRI, hepatic neuroendocrine tumors typically demonstrate hypointensity on
T1-weighted images, moderate hyperintensity on T2-weighted images, and hyper-
intensity on hepatic arterial phase and portal venous phases of contrast administra-
tion [4] (Fig. 20.2).
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Fig. 20.1 CT of neuroendocrine liver metastases seen in precontrast, arterial, portal venous, and
delayed phases. Robust arterial enhancement can be seen, with rapid washout in the portal venous
phase and relative hypoattenuation on delayed phase images

Patient Selection for Interventional Treatment

The approach to the treatment of neuroendocrine liver disease is best considered
from a multidisciplinary perspective, weighing the input of endocrinologists, sur-
geons, diagnostic radiologists, radiation oncologists, and interventionalists while
taking the patient’s own goals of care into account [5]. A relative paucity of data on
the management of neuroendocrine liver disease exists, given the rarity of the condi-
tion, with most studies being retrospective and utilizing small sample sizes. Certain
recommendations can be extrapolated from more robust data that already exists on
the treatment of hepatic metastases from other neoplasms, primarily colorectal in
origin. While the treatment of neuroendocrine liver disease specifically is a contin-
ued topic of research, several recommended criteria for interventional treatment are
well-established and include:

e Metastases from non-pancreatic neuroendocrine tumors with resected pri-
mary sites

e Absence of or limited burden of extrahepatic metastases (i.e., liver-dominant
metastases)

e Preserved underlying synthetic function of the liver with parenchymal burden
less than 50%
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Fig. 20.2 MRI of neuroendocrine liver metastasis. (a) T1 pre-contrast phase demonstrates relative
hypointensity with arterial enhancement and subsequent washout on (b) portal venous and (c)
delayed phase images. (d) Eovist (gadoxetate disodium), the contrast agent used in this sequence,
is taken up over time by normal liver parenchyma, but not by the tumor, and (e) images at a 20-min
delay show marked hypointensity of the tumor as compared to normal liver parenchyma. (f) The
lesion restricts diffusion on DWI, which is often seen in neuroendocrine metastases

Regardless of the above criteria, it is again worth emphasizing that the decision
to treat hepatic neuroendocrine disease should be made on a case-by-case basis, in
multidisciplinary fashion, and that a significant number of patients not meeting the
above criteria may indeed still benefit from interventional treatment. Goals of inter-
ventional treatment include prolongation of life, as liver failure represents the most
common cause of mortality in patients with liver-dominant disease, as well as relief
of symptoms caused by hormonally active neuroendocrine tumors.



318 K. Zacharias and O. Ahmed

A few relative contraindications to undergoing interventional treatment are as
follows:

» History of bilioenteric anastomosis or sphincterotomy
e Decompensated liver disease

e Allergy to iodinated contrast

e Portal venous thrombosis or tumor invasion

If not already obtained, dedicated liver imaging (either CT or MR) is recom-
mended to assess hepatic tumor burden, portal vein involvement, biliary ductal dila-
tation, and arterial anatomy. More extensive CT, including the chest and pelvis, is
also recommended to evaluate for extrahepatic metastases. Laboratory analysis, to
include evaluations of liver function, renal function, and coagulation status, is also
recommended as a routine part of pre-procedural workup [6].

Interventional techniques which can be used to treat hepatic neuroendocrine
tumors range from minimally invasive intra-arterial therapies to percutaneous
needle-guided procedures. These include arterial embolization, chemoemboliza-
tion, selective internal radiation therapy, and percutaneous ablation. Further consid-
erations, indications, and contraindications to specific interventional methods will
be discussed in greater detail under their respective headings.

Transarterial Embolization (TAE or “Bland’”’ Embolization)

Basic Principles

Transarterial embolization is a treatment option based on occlusion of small arte-
rioles feeding neuroendocrine tumors. This method, also known as “bland embo-
lization,” relies solely on the use of embolic material without an associated
infusion of chemotherapeutics, which will be discussed subsequently. Transarterial
embolization (TAE) is well established in the treatment of other malignant hyper-
vascular liver tumors and operates off the principle of dual blood supply to the
liver. The hepatic arterial and portal venous systems both bring oxygenated blood
into the liver. In general, in the case of hypervascular liver neoplasms, the malig-
nancy is supplied to a greater extent by the arterial system, whereas the surround-
ing liver parenchyma is supplied to a greater extent by the portal venous system
[7]. Furthermore, hepatic neuroendocrine tumors demonstrate disorganized angio-
genesis with increased vascular permeability as compared to normal parenchyma.
These principles allow for the relatively selective destruction of neoplastic tissue
and are the foundation upon which transarterial treatment approaches are based.
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Technique

Transarterial embolization involves selective angiography to target vasculature sup-
plying tumor and the injection of embolic agents resulting in tissue hypoxia and
necrosis [8]. While there is extensive heterogeneity among techniques in use, the
basics of procedural technique are as follows:

e Hepatic angiogram to evaluate arterial anatomy and tumor supply

e Anatomic evaluation of arteries in which embolization should be avoided (i.e.,
right gastric and supraduodenal arteries)

e Advancement of catheter super-selectively into the artery feeding the tumor

e Repeat arteriography (to identify any anomalies which may have been missed on
a celiac or SMA arteriogram)

 Injection of embolic material

The endpoint of an embolic procedure is the visualization of the complete block-
age of the tumor-feeding branch [9] (Fig. 20.3).

Selection of Embolic Agents
Gelatin Sponge

The first hepatic artery embolization, performed in 1977, utilized absorbable gelatin
sponge particles ranging from 1 to 5 mm? in size, with reports of persistent occlu-
sion on subsequent angiograms performed 6 weeks after embolization [10]. In these
early stages of transarterial treatment techniques, absorbable gelatin powder was
also utilized with similar results. However, it has since fallen out of favor given high
rates of nontarget embolization [11]. Gelatin sponge (Gelfoam) is no longer utilized
as a stand-alone agent for hepatic oncologic interventions as it is regarded as a tem-
porary embolization agent.

Polyvinyl Alcohol Particles (PVA)

Currently available in sizes ranging from approximately 50 to 1000 microns [12],
PVA came into subsequent use to treat hepatic tumors and achieved greater degrees
of distal embolization and better clinical results than Gelfoam. PVA is compressed
and, when rehydrated, can expand up to 15 times. It adheres to blood vessel walls,
slowing and eventually stopping blood flow. Additionally, it induces an inflamma-
tory response with subsequent angionecrosis. It is nonbiodegradable and thus con-
sidered a permanent embolic agent, and its uses range broadly within interventional
radiology. Limitations include inconsistent/inhomogeneous size of the particulate
agent with potential for more proximal occlusion.
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Fig. 20.3 A 48-year-old female with small bowel NET and liver-dominant metastases. The patient
underwent bland embolization for carcinoid symptoms, including cutaneous flushing and palpita-
tions. (a) Multiphase MRI demonstrates bilobar hypervascular hepatic masses compatible with
metastatic disease. (b) Arterial phase angiography from the right hepatic artery at the time of bland
embolization demonstrates multiple metastatic lesions. (¢) Parenchymal phase angiography from
the right hepatic artery better delineates the numerous hepatic metastases. (d) Post bland emboliza-
tion angiography demonstrates successful vascular occlusion of the tumor-feeding vessels. There
is maintained perfusion of the right hepatic artery. (e) Follow-up MRI demonstrates a decrease in
the number of hepatic lesions with no residual enhancement of the remaining lesions, compatible
with necrotic tumor
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Microspheres

These newer, spherical agents, which are sometimes made from PVA (although are
also manufactured from other polymers, including trisacryl gelatin and polymethyl-
methacrylate), demonstrate greater uniformity in size and shape, as opposed to the
irregularly shaped PVA particles. They show a greater degree of correlation between
the size of the particle and the size of the vessel in which embolization occurs, as
well as a decreased risk of clumping within the catheter. These are manufactured at
industry-standard 200-micron increments, ranging from 300 to 1200 microns, and
are the most commonly used TAE agents. The use of microspheres allows for
smaller particulate use with more distal occlusion and ischemia-mediated tumor
necrosis. Data suggests that smaller (<100 microns) microspheres for neuroendo-
crine metastases may yield better initial treatment responses [13].

n-Butyl Cyanoacrylate

This tissue glue, mixed with ethiodized oil, is a tissue embolic often used in the
treatment of high-flow vascular malformations. However, it has also been examined
in atleast one trial for the treatment of hepatic neuroendocrine tumors. Experimenters
demonstrated complete, distal, permanent embolization, though concerns were
raised by two early deaths out of a total population of 29 (7%) [14].

Transarterial Chemoembolization (TACE)

Transarterial chemoembolization (TACE) operates on similar principles as “bland”
transarterial embolization, with the added step of selectively administering chemo-
therapeutic agents to feeding vessels prior to or in conjunction with embolization.
When combined with embolization, drug concentration and retention are increased
compared to infusion alone, and a decrease in systemic concentrations and systemic
side effects can be achieved [15]. TACE is usually performed in one of two ways:
the so-called “conventional” method (cTACE) and a second method that utilizes
drug-eluting beads (DEB-TACE).

Conventional TACE

Conventional TACE (cTACE) utilizes ethiodized oil, widely available under the
trade name Lipiodol (Guerbet). This poppyseed oil, modified for injectability, serves
as a radiopaque agent and can be combined with chemotherapeutic agents. While
both single chemotherapeutic and combination therapies exist, the most widely
used chemotherapeutic agent in TACE is doxorubicin. It is commonly used for
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hepatocellular carcinoma but also applicable in the cases of neuroendocrine liver
tumors [16]. In this latter context, cisplatin, vinblastine, streptozocin, and mitomy-
cin C have also been utilized [17, 18].

Lipiodol demonstrates significant efficacy in tumor-seeking and embolization
and appears to be able to cross cancer cell membranes and persist in the tumor for
months to years while disappearing from normal parenchyma in as little as 4 weeks.
Embolization, performed after administration of the lipiodol-chemotherapy mixture
in cTACE, acts to increase drug retention within the tumor and add an element of
ischemia to the tumor-killing process. While widely regarded as effective, one of the
limitations of cTACE is the significant interinstitutional variability in technique and
treatment protocols [16].

Drug-Eluting Beads TACE

TACE performed with drug-eluting beads (DEB-TACE) represents the second
major form of TACE. As the name suggests, this method utilizes particles impreg-
nated with chemotherapeutics, thereby achieving embolization and chemotherapy
administration in a single step. The most commonly used drug-eluting particles are
combined with doxorubicin and release a controlled and steady stream of medica-
tion [19]. Beads in the 100-300 micron range appear to work best as there is a more
distal embolic effect and increased surface area to elute chemotherapy [20].

Studies report similar overall efficacy as conventional TACE, but DEB-TACE
has been associated with an increased risk of biliary injury compared to cTACE
[21]. In the specific treatment for hepatic neuroendocrine tumors, at least one retro-
spective trial has demonstrated decreased treatment response and increased compli-
cation rate of DEB-TACE compared to cTACE [22].

Additional Considerations in Embolic Therapy

Tolerance and Complications

Intraprocedural tolerance of embolic therapy, whether TAE or TACE, is generally
low, with the majority of patients reporting significant pain as embolization occurs.
Most procedures are performed under moderate sedation, although general anesthe-
sia can be considered in some cases. Intra-arterial injection of lidocaine is an addi-
tional technique described for reducing patient pain in the immediate post-procedural
period [23].

A significant number of patients suffer from a combination of symptoms post-
procedurally, which is referred to as post-embolization syndrome (PES). PES is a
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relatively common, inflammation-mediated response, likely related to tissue necro-
sis and, if used, systemic side effects of chemotherapeutic agents. It is characterized
by fever, anorexia, pain, and nausea/ vomiting. The majority of symptoms occur
within 24 h of the procedure. However, there are reports of symptoms up to 2 weeks
post-procedurally [24].

While some institutions manage PES expectantly, using antipyretics and anti-
emetics as needed, many also administer dexamethasone prophylactically, which
appears to limit symptom severity. While generally well-tolerated, dexamethasone
administration has important oncological implications, with a reported potential to
induce tumor lysis syndrome. Thus, it should be considered carefully in cases where
the tumor burden is heavy [25].

Although PES itself is considered benign, some studies suggest that, at least in
the case of hepatocellular carcinoma (HCC), increased severity of PES is associated
with worse oncologic prognosis [26]. This relationship remains unclear and has not
been specifically examined in the case of hepatic neuroendocrine tumors.

Serious adverse effects occur in less than 10% of neuroendocrine embolizations
and include [6]:

e Carcinoid syndrome: Due to the acute release of vasoactive substances from the
necrosing tumor. This may be mitigated by peri-procedure administration of
somatostatin.

e Liver infarction: Usually segmental. Although rare, there exist reports of total
liver ischemia, usually in the case of unrecognized portal venous thrombosis.

* Nontarget embolization: Ischemic complications such as cholecystitis may occur
from cystic artery embolization.

e Complications related to angiography: Dissection, contrast reaction, or other
complications common to most interventional procedures.

Outcomes

No large prospective trials have been performed to evaluate the efficacy of embolic
therapies in neuroendocrine liver disease. Retrospective analyses indicate between
60% and 90% of patients report improved symptoms with follow-up imaging dem-
onstrating partial response in 50-90% of patients. These changes lasted between 11
and 20 months with one-time therapy and increased duration of effect with repeat
embolizations. Studies evaluating overall survival are limited, with studies report-
ing ranges of 12—-84 months post-procedurally.

Some prognostic factors may be predictive of decreased tumor response, includ-
ing >50% liver involvement, pancreatic primary, male gender, and an ECOG score
of 1 or higher. Increased tumor enhancement on arterial phase imaging, indicating a
greater degree of tumor vascularity, is likely a favorable prognostic factor and
increases the likelihood of response from embolization [6].
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TAE vs. TACE

Studies comparing “bland” embolization and chemoembolization for the treatment
of neuroendocrine tumors have demonstrated conflicting results, with some show-
ing superiority of one method over the other and others showing equivalent
responses. Further confusion may owe itself to the reassessment of neuroendocrine
tumor gradation by the World Health Organization in 2010, limiting comparison
between studies performed before and after this time.

At the time of this publication, a prospective, multicenter randomized controlled
trial comparing cTACE, DEB-TACE, and bland embolization in treating neuroendo-
crine liver tumors is underway (RETNET), for which results are not yet available [27].

Selective Internal Radiation Therapy (SIRT)

Selective internal radiation therapy (SIRT), also known as transarterial radioembo-
lization, represents a relatively newer treatment modality for hepatic neoplasms,
including neuroendocrine tumors, which involves the selective injection of radioac-
tive agents into the tumor.

Technique

As with the embolic techniques, the first stages of SIRT involve angiography and
selection of the hepatic artery supplying the hepatic tumor. Then, tumoricidal doses
of radiation are injected. Contrary to methods such as cTACE, subsequent emboli-
zation is not performed after administration of radiotherapy.

The most commonly used nuclide is the isotope yttrium-90 (°°Y). This isotope is
either coupled with glass microspheres, sold under the trade name TheraSpheres, or
with resin beads, known as SIR-Spheres. Yttrium-90, or Y-90 as it is more com-
monly known, is a pure beta-radiation emitter that has a mean penetration of
approximately 2.5 mm and a maximum penetration of 10 mm, limiting penetration
to nontarget patient tissues and allowing for the safety of the operator and any other
person the patient might interact with during or after treatment. Holmium-166-
labeled microspheres, available under the trade name of QuiremSpheres, represent
a third, less commonly used agent for SIRT.

Y90 administration is a two-step process, with an initial procedure for mapping
and determining the lung shunt fraction, an integral component of pre-procedural
planning. During this phase, technetium-99-labeled macroaggregated albumin
(MAA), the same agent used in lung perfusion scans, is injected at the site of antici-
pated treatment. With a similar size to microspheres, the MAA acts as a marker to
predict the expected pattern of microsphere spread. SPECT-CT imaging is per-
formed after MAA administration to assess for extrahepatic spread, including to the
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lungs, which can occur through shunts created by tumoral neovasculature. The lung
shunt fraction is then calculated, representing the percentage of administered MAA
that ends up in the lungs. In cases where the shunt fraction is <20%, the value can
be used to adjust the dose to minimize lung exposure, ideally below a threshold of
30 Gy. A lung shunt fraction above 20% is a contraindication to the administration
of Y90 when using SIR-Spheres [28, 29].

Outcomes

No prospective data exist on SIRT usage in neuroendocrine liver tumors, with retro-
spective studies showing a wide range in percent response, from 12% to 80%.
However, unlike TAE/TACE, which have not demonstrated complete response in
any current studies, several studies show a complete response after administration
of Y90, although numbers are low at 1-8% of patients [6]. In the case of HCC, for
which alarger pool of data is available, Y90 demonstrated longer time-to-progression
and decreased toxicity than chemoembolization [30].

Complications and Limitations

In addition to complications associated with angiography, several unique complica-
tions can be seen in SIRT as a result of radioactivity:

* Radiation pneumonitis: Caused by shunting radioactive material into the lungs,
which can often cause irreversible interstitial lung disease. For this reason, dose
thresholds of 30 Gy to the lungs, or a lung shunt fraction of >20%, are absolute
contraindications to Y90 administration. In patients with lung shunt fractions
between 10% and 20%, the dosage can be reduced in an effort to minimize this
complication.

* Radioembolization-induced liver disease (REILD): Liver damage that occurs
4-8 weeks after Y90 administration, which is potentially life-threatening.
Characterized by jaundice and ascites, this complication is not entirely under-
stood but demonstrates veno-occlusive characteristics on histology and likely
represents a form of sino-occlusive disease, exclusively seen in liver treatments
that involve radiation. High-radiation doses and extensive tumor burden have
been identified as predictive factors for this poorly understood complica-
tion [31].

* Radioembolization-induced chronic hepatotoxicity: In patients with neuroendo-
crine tumors and favorable long-term prognosis, those treated by SIRT may be
subject to long-term chronic hepatotoxicity due to the delayed radiation-induced
effects of the radioactive microspheres [32].

* Hematologic complications: Radiation-induced lymphocytopenia and thrombo-
cytosis occur in roughly 3—7% of patients [33].
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Percutaneous Ablation

Percutaneous thermal ablation represents another therapeutic modality for hepatic
metastases, including neuroendocrine tumors. While cryoablation has been utilized,
there have been significant reports of subsequent coagulopathy, some of which have
been life-threatening. Thus, radiofrequency ablation (RFA) and microwave ablation
(MWA) have become the preferred ablation methods for treating hepatic metastases.

Performed under the guidance of ultrasound or CT, depending on the lesion’s
location, thermal ablation is performed via placement of ablation probe(s) percuta-
neously into targeted lesions (Fig. 20.4). RFA and MWA result in heating and
destruction of tissue, with a target temperature of 50-100 °C, for 4-5 min. With
RFA, temperatures higher than 100 °C can cause carbonization and charring of
adjacent tissues [34].

Image-guided RFA has demonstrated a similar response as surgical resection
with low mortality and a major complication rate of less than 5%. RFA is limited in
its uses, however, as it is most effective in smaller tumors measuring less than 4 cm.
The relatively small ablative field achieved with RFA makes complete necrosis of
larger lesions difficult. Additionally, the ability to use RFA depends on tumor loca-
tion, with those located more peripherally representing more ideal targets. Many of
these limitations mentioned above may be overcome with MWA, as MWA permits

Fig. 20.4 (a) Pre-procedure MRI image showing a 2.8 cm metastasis adjacent to the IVC. (b)
Intra-procedure image demonstrating an enhancing lesion in segment 1. (¢) Intra-procedure CT
image demonstrating the ablation probe in the target lesion. (d) Post-ablation contrast CT showing
ablation cavity with no evidence of viable tumor
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larger ablative zones and is less limited by features such as heat sink and charring
[35]. It is worth noting that the severity of symptoms associated with neuroendo-
crine tumors has been shown to correlate closely with tumor size, and tumor reduc-
tions of 90% or greater have shown long-lasting symptomatic benefit, demonstrating
that ablation still has utility even in cases where the target lesion cannot be com-
pletely destroyed [36, 37].

Summary

Hepatic endocrine tumors may be primary but are more often metastatic, originating
from a wide range of primary sites. These tumors demonstrate hypervascularity and
derive an increased percentage of their blood supply from the hepatic arterial sys-
tem compared to normal liver parenchyma, which derives its supply primarily from
the portal system. This characteristic allows for transarterial treatment options,
which include bland transarterial embolization (TAE), transarterial chemoemboli-
zation (TACE), and selective internal radiation therapy (SIRT). Radiofrequency
ablation (RFA) represents a second approach, with the percutaneous insertion of
probes into a tumor and subsequent heating of tissue, inducing tumor necrosis.

Patients who are not surgical candidates due to heavy hepatic tumor burden or
inaccessibility of lesions can be candidates for transarterial and percutaneous thera-
pies. Further study is needed to determine which clinical scenarios would be most
appropriate for each treatment option, with the relative advantages and disadvan-
tages of each still not clearly defined.

Regardless, while very few studies of these approaches have yielded complete
response, a significant portion of patients experience improvement in symptoms
with these interventions, likely due to the fact that endocrine production correlates
with tumor size and any significant reduction in tumor burden can improve patient
symptoms. Additionally, these treatments often prolong life, as liver failure repre-
sents the most significant cause of mortality in patients with liver-dominant neuro-
endocrine disease. Thus, while rarely curative, the interventions described in this
chapter can significantly impact patients’ quality of life and will continue to play an
important and ever-expanding role in the multidisciplinary treatment of hepatic
endocrine tumors.
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Chapter 21
Special Considerations in Children:
Pediatric Renal Vein Sampling

Kent A. Cabatingan

Introduction

Although much less represented than its adult counterpart, pediatric endocrinologi-
cal disturbances can be further investigated with certain procedures that interven-
tional radiology can provide. Given that primary endocrine pathology has far less
prevalence, there has not been a great push to develop tests or protocols in the field
of pediatric interventional radiology for this population; however, a mainstay that
has not entirely fallen out of favor is renal vein sampling performed for very specific
indications. Specifically, pediatric renal vein sampling has been demonstrated to be
helpful when troubleshooting cases of pediatric hypertension in cases of renovascu-
lar hypertension, of which poorly demarcated fibromuscular dysplasia (FMD) is a
common cause among certain age groups. Note, FMD is not a primary endocrine
pathology, but it leads to renovascular hypertension by releasing a cascade of mea-
surable hormones causing secondary hypertension.

Pediatric Hypertension

Pediatric hypertension is defined as having greater than 90th percentile in BP
according to age, sex, and height as described by the National High Blood Pressure
Education Program [1]. Unique to the pediatric age group is that a source for the
patient’s elevated pressures (secondary hypertension) is identifiable in up to 85% of
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patients [2]. Moreover, renal abnormalities are demonstrated in 75-80% of pediatric
patients older than 6 years old with secondary hypertension with FMD considered
to account for 10% of cases which can ultimately lead to end-organ renal fail-
ure [3, 4].

It can be the interventional radiologist’s role to help sample blood to drive further
treatment and/or diagnose renovascular hypertension as the cause for the child’s
hypertension. To better understand the process and rationale for performing the pro-
cedure, the operator should have a basic understanding of the disease process.

Pathophysiology

Renovascular hypertension, regardless of its etiology, is a disruption in the renin-
angiotensin feedback cascade. Renin is secreted by the juxtaglomerular apparatus,
which detects changes within afferent arteriole blood flow to the kidney. When
blood flow is decreased, renin is secreted, which converts systemic angiotensinogen
to angiotensin I [5]. Following this angiotensin-converting enzyme cleaves angio-
tensin I to form angiotensin II which goes on to act at different receptors and causes
increased water retention, vasoconstriction, and increased sympathetic tone: all of
which leads to increased systemic blood pressure to cause an increase in renal artery
pressure and, thereby, increasing perfusion to the juxtaglomerular apparatus. The
result of this is decreased renin secretion.

Pediatric Fibromuscular Dysplasia

It should be noted that pediatric FMD is poorly understood and beyond the scope
of this chapter, but it is suspected to be vastly different from the adult process.
Although able to occur anywhere within the body, the most common subset of
pediatric FMD is the focal fibroplasia variety which causes a long, narrow, and
smooth focal stenosis anywhere within the arterial bed [6]. In the setting of pedi-
atric FMD or any disease process affecting the vasculature, there is decreased
perfusion to the juxtaglomerular apparatus via upstream stenosis. The result is
that the apparatuses are hypoperfused, and renin secretion is upregulated by the
affected kidney. This allows the operator to detect the unilateral differences in
the amount of renin when venous sampling. The best candidates for pediatric
renal vein sampling are ones that could benefit from treatment should there be a
positive result, but also where there is a strong clinical suspicion that there the
cause of the child’s hypertension is stemming from a renal etiology without
imaging findings.
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Diagnosis of Fibromuscular Dysplasia

A large number of pediatric FMD cases can be detected by CT angiogram of the
renal arteries or MR angiogram. Even if those modalities do not visualize a stenosis
which may be leading to hypertension, conventional angiography of the renal arter-
ies could be performed with the added benefit of being able to treat the lesion in the
same setting depending on its etiology. It has been the author’s practice to sample
renal veins when no visualized arterial stenosis can be detected in a pediatric patient
that continues to have hypertension in the setting of increasing or maximum dose
requirements of three antihypertensive medications. Additionally, any end-organ
kidney damage, as evidence by a renal size discrepancy, may also warrant the need
for testing. In either setting, there must be no other discernable cause for hyperten-
sion prior to intervention.

Pediatric Renal Vein Sampling

Another component of patient selection that is unique to the practice of pediatric
interventional radiology is the patient’s size. If the patient is below the age of 2
years old and is not on maximum doses of three antihypertensive medications, it has
been suggested to defer to procedure until the patient reaches this age as the patient’s
vasculature is likely to accommodate catheters with less of a chance of injury during
sampling or any other subsequent arterial procedure. The procedure can still techni-
cally be performed should the patient not fit these criteria on a case-by-case basis.

Preprocedural Preparation

Prior to starting the procedure, a few steps must be taken to ensure optimization of
sampling during the procedure as slight variations in medication and patient posi-
tion could affect the results. Patients are asked to discontinue medication for 2
weeks prior to the procedure to allow for a valid renin baseline to be achieved. This
is especially important if the patient is taking angiotensin-converting enzyme (ACE)
inhibitors and B-blockers as these would directly affect the values by either causing
pre-dilation of the renal artery or directly decreasing adequate renal plasma flow
and glomerular filtration rate, respectively. If the patient’s condition does not allow
for the cessation of all antihypertensive medications, it is crucial that these two
classes must be held at a minimum.

On a procedural day, the patient should remain in a supine position for at
least 2 h to ensure normalization of the heart rate and profusion to the kidneys
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[7]. Given a pediatric patient population, additional support from families or a
child life specialist within the hospital may be required to keep the patient as
calm as possible. It is discouraged to utilize any medications for this purpose.
One hour before the onset of the procedure, enalapril is administered at 40 mcg/
kg over 3—5 min and not exceeding 2.5 mg to accentuate any difference in renin
levels between the sides. The mechanism of action is akin to a captopril reno-
gram [8].

Procedure Technique

The right common femoral vein is accessed, using ultrasound guidance, with a 21 G
needle followed by the placement of a 5-F sheath (Glidesheath Slender®, Terumo).
Following this, a 4-F Cobra 2 catheter is used to select the right renal vein first. The
right renal vein is selected prior to the left due to the increased anatomical variabil-
ity, which may manifest as multiple renal veins within 8-30% of the population [9].
With the catheter in the mid-portion of the right renal vein, a total of two separate,
8 ml samples are withdrawn. Following this, the catheter is disengaged, and the left
renal vein is selected.

If there is difficulty catheterizing the left renal vein at the L1-2 level, one should
consider the possibility of a retroaortic or circumaortic left renal vein which is pres-
ent in 5-7% of the population. A duplicated IVC can also be present in less than 1%
of the population [10]. The tip of the catheter should be placed distal to the left
gonadal vein. Of note, the left gonadal vein typically has its origin along the proxi-
mal to middle third of the left renal vein. Venous inflow from the gonadal vein could
artificially decrease the concentration of renin within the blood pool. A small quan-
tity of contrast should be utilized to confirm the catheter positioning. Once the loca-
tion is confirmed, a total of two separate 8 mL samples should be collected. If there
is a questionable segmental disease, a 2.8-F microcatheter may be used to sample
segmental renal veins for a more targeted study in cases of suspected tertiary FMD
or Ask-Upmark kidney [7].

Lastly, the catheter is placed within the infrarenal IVC, and two blood samples
are collected at this location. This sequence of venous sampling allows the operator
to sample renin levels, which may fluctuate rapidly during a procedure in a time-
efficient manner. A plasma renin activity ratio of a diseased kidney to unaffected
kidney greater than 1.5:1 is considered suggestive of renovascular hypertension
with a 63-75% sensitivity and a 60—100% specificity as unilateral pathologic secre-
tion of renin usually results in contralateral suppression of renin production. If seg-
mental measurements are performed, the ratio is usually far greater than 1.5:1 when
compared to unaffected ipsilateral segments [11].
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Summary

The process of renal vein sampling in the setting of refractory pediatric hyperten-
sion can be a powerful diagnostic tool for interventional radiologists to have in their
armamentarium and can help drive clinical care for these patients. This technique
has been falling out of favor due to the advances of medical imaging to visualize the
stenotic arterial segments, but still remains a troubleshooting tool for hinting at
questionable tertiary or more distal, segmental arterial stenosis leading to elevated
renin levels, in turn leading to renovascular hypertension. The power of the exami-
nation is its positive predictive value as a large unilateral discrepancy points to the
diagnosis of FMD or other focal renal abnormality within these patients. On the
other hand, the ratio of less than 1.5:1 between the two renal veins cannot entirely
exclude renovascular hypertension as operator error may be present; however, other
causes for hypertension should be considered more likely.
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