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Foreword

Parathyroid diseases comprise various different entities that may be easily
surgically cured, for example in the case of a typical imaging-positive hyper-
calcemic single neck parathyroid adenoma, but need extensive interdisciplin-
ary knowledge and cooperation in the case of multiglandular disease,
parathyroid cancer, ectopic location, or re-operative setting. This book is well
constructed and comprehensive and presents current summary of endocrinol-
ogy and surgical aspects of parathyroid diseases including parathyroid anat-
omy, physiology, and embryology, medical treatment for hyper- and
hypoparathyroidism, parathyroid imaging, recent surgical techniques for con-
ventional and endoscopic parathyroidectomy, and a final section of chapters
on special topics which are highly informative for the parathyroid specialist.

The editors of this text have employed many of the world leaders in para-
thyroidology to create in-depth evidence-based summaries of the principles
of the disturbed parathyroid-related calcium homeostasis in sporadic and
hereditary, pediatric and adult parathyroid disorders. During the past decade,
diagnosis and treatment of parathyroid diseases have been revolutionized by
various molecular genetic, imaging, intraoperative, and surgical techniques.
This text therefore comes at an appropriate time. It will serve as an excellent
reference guide for a wide range of endocrinology and surgical experts
involved in the interdisciplinary diagnosis and treatment. Although the fund
of information is related to clinical management, the chapters are succinct
and concise, making them highly valuable not only for clinicians but also for
those involved in preclinical, molecular, and laboratory, as well as in postsur-
gical evaluation of patients. Overall, this book is really an outstanding
resource for an evidence-based, yet individualized, management of parathy-
roid diseases and should have an active place in the current library of all
physicians dealing with parathyroid patients.

Department of General Visceral Henning Dralle, ER.C.S.,
and Vascular Surgery FA.CS.,EE.B.S.
Medical Faculty, henning.dralle @uk-halle.de

Martin Luther University Halle-Wittenberg
Halle/Saale, Germany
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Preface

The concept of this book started after one of the editors (BCS) completed a
monograph entitled Parathyroids for the Otolaryngology Clinics of North
America in 2004. That rewarding experience, combined with a busy parathy-
roid practice while he was working at Penn State Milton S. Hershey Medical
Center, planted the seeds of a larger parathyroid text in the mind of Dr. Stack.
In 2005, Dr. Stack moved to the University of Arkansas for Medical Sciences
(UAMS) where he immediately partnered with Donald Bodenner, M.D.,
Ph.D., a world-class thyroidologist and ultrasonographer, in forming a thy-
roid and parathyroid center of excellence. This partnership has continued for
11 years and has been very productive in both scholarly research and clinical
production. The nascent idea for a parathyroid text conceived over a decade
ago resulted in the present text as a result of the strong collaborative relation-
ship between Drs. Bodenner and Stack and their mutual interest in caring for
patients that suffer from parathyroid diseases.

We saw a need for a unique approach to writing a textbook about parathy-
roid diseases that existed in the present marketplace. Most parathyroid books/
texts at the present time cater either to a medical or surgical audience. We
thought a text with broader appeal might encourage an interdisciplinary
approach to this sometimes complicated and vexing set of diseases. With this
in mind, we set out to organize an encyclopedic work on parathyroid dis-
eases. This would draw upon recognized experts from all related medical
disciplines from across the globe. It would be organized in an evidence-based
format both for reader ease in accessing best practices and understanding but
would also mark the frontiers of the medical profession’s knowledge of these
diseases so as to lead the way for future research and exploration.

Little Rock, AR, USA Brendan C. Stack Jr., M.D., EFA.C.S., FA.C.E.
Donald L. Bodenner, M.D., Ph.D.
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Introduction

Evidence-based medicine (EBM) and the devel-
opment of best practice guidelines empower the
modern physician to deliver high-quality care to
his or her patients. EBM fosters the diagnosis and
treatment of disease according to the strongest
scientific evidence, and has the potential to not
only improve clinical outcomes but also lower
health care costs [1-4]. Evidence-based proto-
cols have shortened duration of intensive care
unit and overall hospital stay [4], reduced rates of
central venous catheter-associated bloodstream
infections up to 66 % [2], and stimulated the alco-
hol-based hand sanitizer intervention to curtail
spread of multi-drug-resistant organisms in hos-
pitals [5]. In fact, some argue that “evidence-
based medicine has come to define what is
rational in medical practice, with implications for
both standardization and reimbursement” [3].
Concurrently, factors such as expanding perfor-
mance measures [6] and the growth of account-
able care organizations have cemented clinical
research and evidence-based medicine as “a
necessity for practitioner autonomy and eco-
nomic survival” [7]. Certainly as the landscape of
physician reimbursements shifts toward pay-for-
performance, accessibility to and an understand-
ing of best practice guidelines are essential to any
clinician.

B.C. Stack, Jr., D.L. Bodenner (eds.), Medical and Surgical Treatment of Parathyroid Diseases,

DOI 10.1007/978-3-319-26794-4_1
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Outcome Measures

An acronym previously set forth to highlight the
anatomy of a study is “PICO” (“patients,” “inter-
vention,” “comparison/control,” “outcomes”) [8].
EBM is shaped by the outcome measures of these
individual studies. Some outcomes can be mea-
sured directly, such as recurrence of hyperpara-
thyroidism after single-gland parathyroidectomy.
Others require surrogate end-points, ideally
translatable to patient-oriented outcomes, such as
hoarseness (e.g., with evidence of vocal cord dys-
function on laryngoscopy or hypoparathyroidism
on postoperative laboratories). The exactness by
which an outcome measure is defined is similarly
variable. For example, the outcome of “5-year
survival” leaves little room for interpretation,
whereas an outcome measure such as “multi-
gland disease” merits further definition (i.e., as
evidenced by ultrasound, ultrasound, and Tc99m-
sestamibi scan, or bilateral neck exploration).
As one group asserts, “precisely measuring an
outcome permits the study results to be under-
stood with complete certainty, maximizing their
utility for a clinician attempting to apply them to
his or her practice” [9].

Confounders and Bias

The goal of any study is essentially to examine
the relationship between cause (the described
intervention or variable) and effect (the outcome
of interest). An ideal study establishes an effect
as a direct result of a singular cause. However, in
virtually all studies, secondary factors exist that
may influence the outcome of interest, and these
are evaluated as potential confounders. For
example, consider a study that seeks to examine
the impact of topical anesthetic on postoperative
pain. Factors such as surgical expertise, systemic
anesthesia, and extent of surgery could also influ-
ence the outcome of interest. In order for an
appropriate cause-and-effect relationship to be
determined, these potential confounders would
have to be eliminated or at least accounted for.
This is often best accomplished via randomiza-
tion. With randomization, confounders can be

A.P.Vasconcellos and J.J. Shin

similarly distributed among the different test
groups, and the described intervention (e.g., use
of topical anesthetic) is thereby isolated [9].

A study must similarly guard against all forms
of bias, or errors in study technique that can arti-
ficially influence results. While bias in a study
certainly does not imply an investigator’s pur-
poseful attempt to manipulate study results, it is
important to be on guard for the many types of
bias that can compromise study design and exe-
cution. Tables 1.1 and 1.2 detail different types of
bias that can impact clinical trials and observa-
tional studies, respectively.

Levels of Evidence and Grading
of Recommendations

When determining what is “best evidence,” the
most rigorous study designs are, by nature, those
least prone to errors from chance, confounding,
and bias. Table 1.3 illustrates how study design
directly contributes to a study’s position within
the hierarchy of evidence. It should be noted that
this tier system for assigning proportionate value
to study design is by no means absolute; a flawed
randomized control trial, for example (e.g., with
inherent bias, poor design or control of external
variables), would certainly not hold the same
weight as a rigorously designed and executed
study. Rather, this is to serve as a rough outline
for how practitioners should approach impact of
study design, and how committees who review
available data establish guidelines and clinical
recommendations.

Levels la and 1b involve randomized con-
trolled trials, “the gold standard in study design.”
As described above, randomized controlled trials
provide the best opportunity to establish direct
causation of an intervention arm on an outcome
measure by most actively controlling for potential
confounders. Recommendations based upon level
la and 1b data are considered grade A recommen-
dations. A summary of the evidence-based grad-
ing system is below in Table 1.4. It should be
noted that it is reasonable to make clinical recom-
mendations based upon any study level, but only
when higher levels of evidence are unavailable.
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Table 1.1 Bias in clinical trials

Timing of bias

Type of bias

Explanation

Before a clinical
trial begins

Selection bias

Study subjects improperly chosen

Channeling bias

Prognosis of study subject influences group or cohort
assignment

During a clinical
trial

Interviewer bias

Variability in manner by which information is gathered or
recorded from subject to subject

Chronology bias

Comparison group includes historical controls

Performance bias

Exposure to other factors apart from intervention

Recall bias

Variability in accuracy of subject retrieval of prior experience

Attrition (Transfer) bias

Excess study subjects lost to follow-up

After a clinical
trial

Detection bias

Partiality when assessing outcomes

Expectation bias

Expecting a certain result can influence assessment of outcomes

Correlation bias

Correlation improperly implied as causation

Publication (Citation)
bias

Favor distribution of studies showing a difference between
groups as opposed to studies supporting null hypothesis

(3, 10]

Table 1.2 Bias in observational studies

Type of bias

Explanation

Self-selection bias

Social, cultural, linguistic, and health values or barriers may promote or hinder patient

enrollment in a study, screening program, or measured point of care

Lead-time bias

Influence of a screening program on calculation of stage-specific survival rates: patients
living in areas with a screening program for disease X may be diagnosed earlier and
therefore concluded to live longer with disease X than age-matched counterparts living in

an area without a screening program

Ecological fallacy
individual

Assumption that observed associations can be extrapolated from a population to an

Exclusion bias

Evaluating data leaving a particular group or groups out of a sample population

Referral bias

outcomes

Influence of referral from primary to tertiary and subspecialty centers on makeup of a
study population: an observational study consisting of a patient population from a tertiary
or subspecialty clinic may have higher percentage of complex or severe cases and adverse

Spectrum bias
patient subgroups

Change in the performance characteristics of a particular test when applied to different

[10, 11]

To aid in the development of clinical guidelines
or recommendations, medical groups and societ-
ies have relied on systematic reviews and meta-
analyses to evaluate the body of available data on
specific clinical questions. In this way, a system-
atic review incorporates a “statistical pooling of
data” to provide an estimate of the true effect
of an intervention tested across, at times, many

studies [9]. For the busy clinician, systematic
reviews are invaluable. They analyze and place
value on data with an end goal of translating a
potpourri of studies and medical literature into
actionable clinical practice guidelines. In this
way, evidence-based guidelines are -created
by multidisciplinary teams and/or professional
organizations.
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Table 1.4 Evidence-based grading system

Grade | Description

A Consistent level 1 studies

B Consistent level 2 or 3 studies, or
extrapolations from level 1 studies

C Consistent level 4 studies or extrapolations from
level 2 or 3 studies

D Level 5 evidence only, or inconclusive evidence

from any level

Adapted from Howick et al. [12]

Expert Opinion

The objective of this text is essentially to
deconstruct and outline best practices for
parathyroid medicine and surgery using the
highest levels of evidence available. It
should serve not only as a user-friendly
guide for clinical practice, but also as a
springboard for further investigation and
research to hone what is now best evidence,
but will someday be surpassed. It should
also be noted that the promotion of clinical
guidelines based upon the evidence does
not supplant or undermine individual clini-
cal judgment. As one group is quick to
point out, “evidence based medicine is not
‘cookbook’ medicine” [13]. Rather, practic-
ing evidence-based medicine involves “an
integration of best available evidence with
clinical judgment and the patient’s wishes”
[14]. Figure 1.1 illustrates the idea that clin-
ical judgment ultimately determines
whether a given set of recommendations
and guidelines applies to an individual
patient. Familiarity with the patient subsets,
interventions, control maneuvers, and out-
come measures (‘“PICO”) that comprise the
evidence to support best practice guidelines
will help a physician to determine whether
those guidelines actually apply to the indi-
vidual patient and clinical scenario he or
she encounters in the office. It is thus
imperative for a clinician to understand the
nuances and derivation of best practice
recommendations.

Clinical state
and circumstances

Research
evidence

Patient preferences
and actions

1.1 Evidence-based clinical decision-making.

Adapted from Haynes et al. [15]
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I have neither the ability, knowledge, time, or space to classify all present-day therapies.
All I feel capable of is a rough classification ...
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— AL Cochrane, 1971

Evidence-based medicine (EBM) is the process
of systematically reviewing, appraising, and
applying the best research available to preserve
the quality of patient care [1]. In short, the
process is daunting, tedious, and, by definition,
never-ending. We are reminded of Sisyphus’s
eternal task of rolling a large boulder up an even
larger hill only to watch the rock roll back down
without ever reaching the summit [2]. We begin
with two great advantages. First, the task is well
defined —we need to only consider four (usually)
small glands that reside (usually) in the human
neck. Second, unlike Sisyphus, we need not
carry the burden alone. While no single person
possesses the ability, knowledge, time, or space
to classify all present-day therapies, we may
be able to accomplish a great deal if we work
together.

The goal herein was to present a simple, prac-
tical, and informative framework that the authors
of this textbook could follow in order to classify
the quality of their supporting evidence. We sys-
tematically reviewed previous EBM classifica-
tion schemes, appraised what worked best for our
purposes, and compiled these findings into the
following two tables [3, 4]. Table 2.1 involves
assigning a categorical classification by article
type (basic science, basic science review, clinical
investigation, clinical review, or population/
observational study) to the cited reference.
Table 2.2 involves assigning an EBM level (1-5)
and adjustment factor (a, b, c¢) to the reference.

B.C. Stack, Jr., D.L. Bodenner (eds.), Medical and Surgical Treatment of Parathyroid Diseases,
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Table 2.1 EBM categorical classification of references

Article type Definition

Basic science Controlled experiment; independent variable affects a dependent variable
in a laboratory setting

Basic science review Review of basic science experiments

Clinical investigation Controlled experiment; independent variable affects a dependent variable
in a clinical setting

Clinical review Review of clinical experiments or trials

Population/observational study Draws inferences about a particular characteristic where the assignment

of a treated and control group is outside the control of the investigator

Adapted from A Guide to Practitioner Research in Education by Menter et al. [3]. SAGE Publications Inc., Washington DC

Table 2.2 EBM level (1-5) and grade (A—C) classification of references

Level Adjustment Description

1 A Homogenous prospective, randomized controlled trials (RCT) or basic science (BS)

with controls

One prospective RCT or BS experiment supporting hypothesis

Heterogeneous or mixed results from >1 RCT or BS experiment

Homogenous non-RCT with controls

One non-RCT with controls

Heterogeneous or mixed results from >1 non-RCT with controls

Homogenous observational studies without controls

w0 ®Wie> QW

Heterogeneous observational studies without controls

4 Small case series or case reports

5 Expert opinion or inconclusive evidence

Adapted from Oxford Centre for Evidence-based Medicine Levels of Evidence (May 2001)

(In general, level 1 evidence is considered
“better” than level 2, and level 2 is “better” than
level 3, etc.) For further classification involving
levels 1-3, an adjustment factor (a—c) was used to
identify the level of agreement between studies
(a suggests a higher level of agreement than, say,
borc,etc.).

Our EBM classification system is admittedly
not perfect. However, we hope that it points the
reader in the right direction, highlights the great
work that has been accomplished already, and
illuminates what lies ahead.

Expert Opinion

EBM classification has become the new
standard of practice guidelines, consensus
documents, and the peer-reviewed litera-
ture. It was the editors’ hope that by adding
the EBM classification framework to the
organization of this text, we would extend
this new standard to medical specialty texts
and identify areas in the frontiers of our
collective knowledge that are deficient in
high levels of evidence.
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com/view/10.1093/oi/authority.20110803100508973.
Accessed 30 Dec 2015. EBM Classification N/A

3. Menter I, Elliot D, Hulme M, et al., editors.
A guide to practitioner research in education. Glasgow:
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Introduction

The parathyroid glands are small (<50 mg)
endocrine glands located on the posterior aspect
of the thyroid gland. The primary function of the
parathyroid glands is to produce and secrete
parathyroid hormone (PTH), which regulates
calcium homeostasis in the circulation. PTH
deficiency (hypoparathyroidism) or excess
(hyperparathyroidism) may be caused by muta-
tions in genes required for parathyroid develop-
ment or physiological function as well as other
causes. As knowledge of the human genome
increases, advances in diagnostic and treatment
techniques for parathyroid-related disorders will
undoubtedly involve a thorough understanding
of the key molecular processes guiding parathy-
roid development and function. This chapter pro-
vides a review of these events, as currently
understood, as well as their potential clinical
relevance.

Organogenesis: Morphogenesis
and Differentiation

Six pairs of pharyngeal arches, transient bulges
appearing on the lateral surface of the embryonic
head, appear around the fourth week of gesta-
tional development [1]. Each arch contains a core
of mesenchymal tissue encapsulated externally

B.C. Stack, Jr., D.L. Bodenner (eds.), Medical and Surgical Treatment of Parathyroid Diseases,
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by ectoderm and internally by endoderm [1].
During embryogenesis, the endoderm and ectoderm
invaginate toward each other forming a series of
ectodermal-lined depressions, called pharyngeal
clefts, and endodermal-lined outpockets, called
pharyngeal pouches (Fig. 3.1; [2, 3]).

These endodermal outpockets contact the sur-
face ectoderm at precise sites along the anterior—
posterior axis of the pharyngeal apparatus, and
they expand along the dorsoventral axis to gener-
ate their characteristic narrow, slit-like shape [4, 5].
The two most cranial pouches, 1 and 2, form first
followed by pouches 3 and 4 [4, 6]. The parathy-
roids glands develop from the most caudal
pouches, but the number of glands varies depend-
ing on species [3]. In humans and birds, two sets
of parathyroids (from the third and fourth
pouches) develop, while only one set (from the
third pouch) forms in rodents [3]. In humans, the
epithelium of the dorsal surface of the third pouch
differentiates into the inferior parathyroid glands,
while the ventral surface differentiates into the

thymus [2]. The epithelium of the dorsal wing of
the fourth pouch differentiates into the superior
parathyroid glands, while the ventral wing differ-
entiates into the ultimobranchial body (Fig. 3.1;
(7, 8D).

Using murine and chick-quail models, much
progress has been made in identifying specific
transcription factors (Hoxa3-Eyal-Pax1/9-Six1/4
and Tbx1) and signaling molecules (Bmp4, FgfS,
Shh, Wnt5b) involved in the early formation and
patterning of the third and fourth pouches [9-11].
The pouches are highly polarized structures
delineated into precise molecular domains [4, 6,
12, 13]. In the third pouch, the epithelial cells
express either Gem2, destined to become para-
thyroid tissue, or Bmp4 and Foxnl, destined to
become thymus [10, 12—14]. In the chick, Gem?2
is expressed in both the third and fourth pouches,
supporting parathyroid development from both
of these pouches [11]. Of note, Gem2 is not
required for early third pouch patterning into
thymus/parathyroid domains, but appears to be
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required for later parathyroid differentiation and
survival [13]. Thus, the organ-specific cell types
are already established even before expression of
Gcm2, as indicated in the thymus by immigration
of lymphocyte progenitors and in the parathyroid
by expression of PTH, P75NTR, S100 protein,
and chromogranin A [7, 13, 15]. The primary
induction cue that defines whether the third pouch
precursor cells are destined to become parathy-
roid or thymus remains unknown [10, 13].

In humans, a number of hypoparathyroid
developmental anomalies have been investigated,
revealing important roles for particular genes
involved in early third and fourth pouch morpho-
genesis. In DiGeorge syndrome (DGS), there is
congenital failure in the development of the third
and fourth pouch derivatives with resulting hypo-
plasia or agenesis of the parathyroid glands and
thymus [8]. These patients may present with a
range of findings: hypoparathyroidism with
hypocalcemia, immune deficits secondary to lack
of T-cell function, cardiac defects including
truncus arteriosus, and characteristic facies [16].
Microdeletions mapped to chromosome 22q11.2
(referred to as DGSI) have been described in up
to 90 % of these patients [8, 16]. At present, the
gene thought to be responsible for DGSI is TBX 1.
TBXI is a T-box transcription factor that is
expressed in highly regionalized domains during
early pharyngeal development. In murine mod-
els, Thx! mutants have markedly decreased
expression of Gcm?2, suggesting that this
parathyroid-specific marker is one of the down-
stream targets of the DGS1 gene [8].

Similarly, abnormal expression of GCM2 has
been identified in other parathyroid-related disor-
ders. Homozygous inactivating mutations in
GCM?2 have been described in human familial
autosomal recessive and dominant forms of
isolated hypoparathyroidism. These individuals
may have undetectable PTH serum levels. It is
not yet clear whether the parathyroids are unfor-
med or hypoplastic in this population [17, 18]. In
addition, there have also been reports of parathy-
roid adenomas associated with deregulated (both
elevated and reduced) expression of GCM2. At
present, the clinical significance of these findings
remains unclear [19, 20]. In any case, this tran-
scription factor required in both differentiation

and ultimate survival of the parathyroid glands is
providing new insights into how the parathyroid
gland forms and functions.

Separation from the Pharynx

The inferior and superior parathyroid glands
detach from the pharyngeal wall around the end
of the fifth gestational week [21]. The mecha-
nism by which the thymus and parathyroid
primordia detach from the pharynx has been
extensively studied using murine models [22].
Early in development, the site of pharyngeal
attachment is shared equally between the Gem2+
parathyroid and Bmp4+ thymus domains [7, 22].
Neural crest cells, surrounding the pouches,
express molecular signals that define the border
location and size of the two molecular gradients [7].
Preferential proliferation of the thymus primor-
dium relative to the parathyroid primordium,
however, results in a dramatic increase in size
and caudal growth of the thymus [23]. This
unequal growth pattern results in the parathyroid
domain, located on the cranial portion of the thy-
mus, being displaced from its pharyngeal attach-
ment [24]. Thus, the thymus persists as the sole
connection to the pharynx [7, 22]. Apoptotic
epithelial cells have been identified at the final
attachment site, suggesting that separation is
mediated by programmed cell death. The molecular
signaling pathway directing this site-specific
apoptosis remains elusive. However, recent evi-
dence suggests that low levels of FGF signaling,
which is associated with cell-mediated death in
several other developmental contexts, may be
involved [22].

Separation from the Thymus

A number of mutations in both the neural crest
and endoderm have been associated with delayed
thymus and parathyroid separation, suggesting
that the interaction between these two cell types
is key [14, 23-25]. During embryogenesis, the
pharyngeal organs, especially the thymus, are
densely surrounded by mesenchyme derived
from the neural crest [26]. Recent evidence sug-
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gests that the neural crest mesenchymal cells
migrate in between the Bmp4+ and Gem2+ epi-
thelial domains and act as a physical “wedge”
separating the two zones [14].

Based on observations in both mice and
humans, separation is frequently incomplete [27,
28]. In murine models, using high-resolution in
situ hybridization, the Gcm2+ parathyroid
domain shows a relatively high tendency to frag-
ment and leave small parathyroid clusters either
attached to or trailing the thymus into the medias-
tinum [7, 27]. It is thought that the generation of
these microscopic parathyroid clusters is the
source of supernumerary or accessory parathy-
roid tissue [7, 27]. In humans, the prevalence of
supernumerary glands is between 2 and 6 % [29],
and as many as 11 glands have been reported in
large autopsy series [28, 30]. In 2/3 of cases, the
fifth gland is inferior to the lower pole of the thy-
roid associated with the thyrothymic ligament or
the thymus. The remaining third of supernumer-
ary glands are typically adjacent to the thyroid
between the orthotopic superior and inferior
parathyroids [30].

A number of studies have suggested that the
thymus, which shares such an intimate origin
with the parathyroid gland, may serve as an aux-
iliary source of PTH [27]. In murine models,
extra-parathyroid PTH production has been
reported from misplaced, isolated parathyroid
cells that were most commonly still attached to
the thymus [27]. In addition, medullary thymic
epithelial cells express PTH in a Gcem2-
independent manner as a means for self-selection
[27]. However, at present, it does not appear that
these medullary cells provide any auxiliary endo-
crine function and the clinical significance
remains elusive [27]. Instead, the generation of
multiple, microscopic parathyroid clusters is the
most likely source of any physiologically rele-
vant “thymic PTH.”

Migration
In humans, the inferior and superior parathyroid

glands migrate inferiorly and medially until
arresting on the dorsal side of the caudal thyroid
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lobes around the seventh week [31]. Migration of
the pharyngeal derived organs has been particu-
larly well characterized in murine models.
Following detachment, the thymus/parathyroid
primordium moves in a caudal-ventral-medial
direction towards the anterior thoracic cavity [2].
During this time, the parathyroid domain remains
attached to the cranial pole of the thymus [2].
When the thymus passes along the lateral sides of
the thyroid, the parathyroids detach and remain
adjacent to the thyroid [2].

The thymus, in contrast, continues its migra-
tion into the anterior mediastinum where it joins
its contralateral thymic lobe [2]. Following sepa-
ration of the parathyroids from the thymus, the
parathyroids do not migrate any further caudally
[7]. At present, there is no evidence that the para-
thyroids are able to migrate independently of the
thymus lobes [7]. Interestingly, the parathyroids
lack a well-defined mesenchymal capsule, which
is thought to be the source of the migrating neural
crest driving thymus migration [7]. The variable
location of the inferior glands in the neck then is
likely a consequence of wherever they separate
from the thymus [7]. In humans, when no migra-
tion occurs, the inferior glands remain at the level
of the third pharyngeal pouch, near the bifurca-
tion of the carotid artery where it appears to be
located higher (and more ventral) than its supe-
rior counterparts [21].

The long descent of the inferior parathyroid
glands with the thymus from the neck into the
anterior mediastinum is responsible for their
highly variable location, which may be anywhere
from the hyoid bone to the lower mediastinum
(Fig. 3.2). In 50 % of cases, the inferior parathy-
roid gland may be found within 1 c¢m inferior,
lateral or posterior to the inferior pole of the thy-
roid [28]. It is typically anterior to the coronal
plane drawn along the recurrent laryngeal nerve.
The recurrent laryngeal nerve courses around the
fourth aortic arch in between the ventral side of
the superior glands and the dorsal aspect of the
inferior glands [32].

In a large autopsy series (N=942) including
3796 parathyroid glands, 324 glands (8.5 %) were
ectopic. The most common sites for surgical explo-
ration of ectopic inferior glands are anywhere
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Fig. 3.2 Migratory descent of the inferior parathyroid
glands during embryogenesis may result in highly vari-
able anatomic location, which may be anywhere from the
angle of the mandible to the pericardium. From http://
www.thyroidmanager.org/wp-content/uploads/2011/
06/35-8.png

along the common carotid artery, from the level of
thyroid to the pericardium [29]. The most common
ectopic location for an inferior gland is in the ante-
rior mediastinum, representing some 5-6% of
ectopic cases [28, 29]. The glands are found in the
upper mediastinum almost twice as frequently
than in the lower mediastinum [29]. In young
adults, the glands may be included in the lobular
remnants of the thymic horns [21]. During embryo-
genesis, the inferior glands may also be displaced
posterior and inferiorly resulting in their location
along the recurrent laryngeal nerve on the lateral
border of the esophagus. Further, rarely, they may
be displaced posterior and laterally resulting in
their unusual location in the upper posterior medi-
astinum [21].

The superior parathyroid glands have a more
restricted migration. After detaching from the
pharynx, they attach to the caudally moving thy-
roid, and remain in contact with the posterior
midportion of the thyroid lobe. This limited

course leads to more restricted anatomical varia-
tion relative to the inferior glands. In 85% of
cases, the superior gland may be located on the
posterior aspect of the thyroid lobe in a 2-cm
diameter circle centered 1 cm above the crossing
of the inferior thyroid artery and the recurrent
nerve [28, 30, 33]. In relation to the laryngeal
framework, the superior glands are located at
the level of the posterior ring of the cricoid carti-
lage [21]. The most common sites for ectopic
superior glands are the upper pole of the thyroid
lobe (usually in close proximity to the recurrent
laryngeal nerve) and the upper vascular thyroid
stalk behind the hypopharynx and cervical esoph-
agus [29].

Occasionally, additional growth of the devel-
oping thyroid (pre- or post-natal) via enlarge-
ment of existing follicles may circumscribe the
adjacent parathyroid and imbed them internally
[34], resulting in the rare intrathyroid parathyroid
(Fig. 3.3). The incidence of intrathyroidal para-
thyroid glands is poorly documented, but ranges
between 0.7 and 6.7 % of ectopic glands [34, 35].
The wide variability in reporting is likely a reflec-
tion of whether the authors include parathyroid
adenomas partially within the thyroid capsule or
strictly limi