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Editor's
Note

Comprehensive Manuals of Surgical Specialties is a series of surgical
manuals designed to present current operative techniques and to ex-
plore various aspects of diagnosis and treatment. The series features a
unique format with emphasis on large, detailed, full-color illustrations,
schematic charts, and photographs to demonstrate integral steps in sur-

gical procedures.

Each manual focuses on a specific region or topic and describes
surgical anatomy, physiology, pathology, diagnosis, and operative
treatment. Operative techniques and stratagems for dealing with surgi-
cally correctable disorders are described in detail. lllustrations are pri-
marily depicted from the surgeon’s viewpoint to enhance clarity and

comprehension.
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This book, as originally conceived, was an attempt to create a different
kind of surgical atlas by adopting the use of full color illustrations to
provide a greater sense of operative realism. The primary emphasis was
to be on high visual impact for quick ready reference by the practicing
general surgeon. As the project evolved, however, the limited concept
of a surgical atlas was superseded by a plan to provide a comprehensive
and fully referenced manual covering all pertinent aspects of surgical
anatomy, pathophysiology, principles of diagnosis and perioperative
management of those endocrine diseases encountered by the general
surgeon. It was in this format that the first edition of the Manual of
Endocrine Surgery appeared in 1975.

The recipe remains unchanged for the second edition—although the
text has been entirely rewritten to bring it up to date and many new
photographs and schematics illustrating the pathology and diagnosis of
the various endocrine disease entities have supplanted those used in the
first edition. As before, the manual deals in a systematic way with those
endocrine diseases affecting the parathyroids, thyroid, adrenals and
pancreas. Pituitary disease is dealt with en passant in relation to Cush-
ing’s disease and no attempt has been made to deal with reproductive
endocrinology—these are facets outside the scope of general surgery.
As an addition to the introduction, our contributing coauthors discuss
some of the basic theoretic concepts of the origin, structure, and func-
tion of the endocrine system and speculate on future developments in
endocrine surgery.

Many of the operative illustrations have been upgraded and new
plates have been added in Chapter 4, Surgery of the Pancreas. As in the
first edition, particular attention has been devoted to presenting the
operative techniques with sufficient detail and clarity so that the sur-
geon can visualize the operation step by step. The orientation of the
operative field is shown as the surgeon himself would see it, not as an
illustrator or photographer might see it over the surgeon’s shoulder or
from an observation point overhead.

Preface



Endocrine surgery is undergoing constant evolution. Since the publica-
tion of the first edition of the Manual of Endocrine Surgery in 1975 such
significant changes have occurred as to warrant a major revision. For
example, parathyroid surgery has become much more common owing
to the increasingly frequent diagnosis of primary hyperparathyroidism
by routine automated biochemical screening of hospitalized and clinic
patients. On the other hand, we are now undertaking far fewer adrenal-
ectomies—pituitary microadenectomy has supplanted bilateral adre-
nalectomy as the treatment of choice in adult Cushing’s disease, and
various hormonal manipulations have been substituted for adrenalec-
tomy in the treatment of metastatic breast cancer. An interesting phe-
nomenon of the last 10 years in the United States has been the adoption
and increasing popularity of fine needle aspiration biopsy in the evalua-
tion of thyroid nodules. This has had the salutary effect of refining the
selection of patients for surgery to exclude malignancy and reducing the
number of unnecessary operations on benign thyroid nodules.

Perhaps the most striking developments since 1975 have been those
which have taken place in endocrine gland imaging and tumor localiza-
tion. Computerized tomography has come into its own as a localizing
tool par excellence in adrenal disease and it has also proved valuable in
the identification of mediastinal parathyroid tumors and some pancre-
atic lesions. Newer radionuclide scanning agents, especially NP59 and
B3] MIBG, have provided a quantum leap in the localization of hyper-
functioning adrenal cortical and medullary tissue, respectively. High
resolution ultrasonography has now proved its ability to identify the
majority of parathyroid tumors preoperatively and new applications for
this technology are currently being explored—such as the intraopera-
tive localization of pancreatic islet cell tumors. Such has been the pace
of change in diagnostic radiology that any recommendation concerning
imaging techniques made one year may be rendered obsolete the next.
In this context, one can envisage nuclear magnetic resonance perhaps
rivalling computerized tomography as an imaging tool in certain areas of
endocrine surgery in the very near future.

The recognition and description of several new endocrine diseases
(somatostatinoma and ‘CCK-oma’) and the elucidation of the basic
pathophysiology of glucagonoma and vipoma have all occurred in the 9
years since the publication of the first edition. There has been further
evolution of A.G.E. Pearse’s prescient APUD hypothesis, which seeks
to explain the integration and overlapping homeostatic functions of the
nervous and endocrine systems. In fact, at the urging of 1977 Nobel
laureate Roger Guillemin, it has now become fashionable to describe the
endocrine system as the neuroendocrine system and to think of it as the
third main division of the nervous system, along with the somatic and
autonomic divisions.

These observations, which are discussed below, demand that the
modern surgeon adopt a more holistic approach to disorders of the

Intro-
duction
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INTRODUCTION

endocrine system. It is no longer reasonable to confine one’s interest to
just the adrenal glands (as part of urologic surgery) or just the thyroid
gland (as part of head and neck surgery). Surgical endocrinology has
truly come of age as a discipline in its own right.

COMMON DENOMINATORS IN ENDOCRINE NEOPLASIA

The traditional belief that the endocrine and nervous systems are sepa-
rable but interacting entities has ceased to exist. Pathologic alterations
in both endocrine and nervous systems are often observed in the same
clinical syndrome, suggesting that few biologic processes are controlled
exclusively by either system. Most clinicians now agree that these two
systems are so interdependent that it is more accurate to consider them
as a single unit, the neuroendocrine system.

The neuroendocrine system is composed of a number of specialized
tissues organized in a central and peripheral manner. It has been argued
that the neuroendocrine system should be considered the third division
of the nervous system—the first being the somatic (motor and sensory
neurons) and the second the autonomic (sympathetic and parasympa-
thetic neurons). Within the neuroendocrine system, much of the central
(brain—pituitary) component is related developmentally, anatomically,
and/or functionally to the peripheral endocrine component in a variety
of ways. Central and peripheral feedback mechanisms are quite similar
in a number of systems. Developmentally, a group of peripheral endo-
crine structures is derived in early fetal life from neural crest tissue and
consequently shares certain structural, histologic, and biochemical
characteristics with central nervous system endocrine tissue. In 1966, it
was proposed that the name APUD (amine precursor, uptake and decar-
boxylation) be given to this system of cells derived from common
embryonic neuroectoderm. The ‘‘diffuse neuroendocrine system’
(DNES), named in 1979, is now considered to comprise two divisions:
the central division contains neuroendocrine and endocrine cells of the
hypothalamic—pituitary axis and pineal gland; and the peripheral divi-
sion contains all APUD cells outside these regions (the majority of
which are situated in the gastrointestinal tract and pancreas).

For the endocrine surgeon, a working understanding of the theory of
a common embryonic denominator in endocrine neoplasia is critical to
present-day considerations regarding ‘‘ectopic’’ hormone production.
The number of cells now included in the APUD group has increased
steadily from an original 6 to well over 40 different peptide-secreting cell
types. The concept of the neuroectodermal origin linking all cell types
has been supplanted by a new theory in which all cells are ‘‘neuroendo-
crine-programed’ and arise in the embryonic epiblast or one of its
principal descendants. The APUD concept originally provided a means
of explaining the multipotentiality of many endocrine cells as more and
more clinical *‘ectopic’” syndromes were observed and reported in the
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literature. The ability of nonendocrine neoplasias to secrete hormones
and the ability of endocrine tumors to secrete several different peptides
can be explained using the APUD hypothesis. This concept of multipo-
tentiality based on embryonic differentiation may, if proved valid, make
the concept of “‘ectopic’’ hormone production obsolete. These *‘apudo-
mas’’ have been classified as tumors arising from the neural crest, capa-
ble of sequentially or simultaneously secreting various peptide hor-
mones and/or their putative biosynthetic precursors.

Although an interesting hypothesis, the APUD concept has evoked
considerable controversy. One problem inherent in the theory is that the
ectoblastic origin concept is virtually untestable. Another criticism
maintains that the APUD concept is applied inconsistently—cell types
that do not possess the required biochemical characteristics are in-
cluded in the system (parathyroid chief cells and gonadotrophs), while
other cells possessing appropriate biochemical characteristics are ex-
cluded (basophils and mast cells). In addition, many cell groups long
considered endodermal in origin have been reported to be of neuroecto-
dermal origin to fit the theory, and it has been argued that neoplastic
processes associated with peptide hormone production should not auto-
matically be considered neuroectodermally derived ‘‘apudomas.’” To
this end, the APUD concept has vigorously been challenged. Many
reports have been compiled of **APUD” activity by endodermally and
mesodermally derived tumors and have suggested that ‘‘apudomas’’ do
exist that have endodermal microscopic features.

Although the APUD concept has been embraced by many research-
ers and clinicians, the controversy concerning its validity remains unre-
solved. It has been alternatively hypothesized that malignant forms of
cells may be fixed at a level of differentiation at which random gene
sequences may be activated, leading to the production of oncofetal
proteins or peptide hormones. Within this theory, the presence of dou-
ble minute chromosomes has been suggested to be a cytologic marker of
gene amplification and cellular production of peptides. It may indeed be
possible that cancer cells have the capacity to synthesize a wide variety
of hormonal products regardless of their embryonic derivation.

The observation that neural and endocrine tissue may elaborate and
secrete more than one type of hormone has expanded present-day surgi-
cal concepts concerning the functional potentiality of the neuroendocrine
system. Intra- or extraneuronal enzymes such as peptidases may be
missing or defective in malignant tumors, resulting in the elaboration of
abnormally large precursor molecules that have extraordinary physio-
logic activity (proopiomelanocortin, proinsulin). Certain endocrine neo-
plasias, such as pancreatic, thyroid, or adrenal adenoma, may result in
the elaboration or hypersecretion of a number of peptide or aminergic
moieties. If secreted in sufficient quantities and in biologically active
forms, these peptides may cause paraendocrine syndromes with meta-
bolic and clinical features. Since many of these peptides have been

XV
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implicated as putative central and peripheral neurotransmitters, central
nervous system changes may accompany endocrine dysfunction in clin-
ical disease states.

The peptide secreted most commonly by tumors probably arising
from DNES cells is adrenocorticotropic hormone (ACTH). Causative
tumors in approximate order of frequency are oat cell carcinoma of the
bronchus, carcinoid tumor, epithelial carcinoma of the thymus, islet cell
tumor of the pancreas, medullary carcinoma of the thyroid, pheochro-
mocytoma, and other miscellaneous tumors. It is well known that these
tumors may secrete other peptides in addition to ACTH, including gas-
trin, vasopressin, glucagon, norepinephrine, and serotonin. In addition,
the recently discovered pituitary precursor of ACTH, proopiomelano-
cortin, may be secreted by ACTH-producing tumors along with other
biologically active fragments including B-lipotrophin, B-endorphin,
enkephalin, and corticotropinlike intermediate lobe peptide (CLIP).

Additional peptide-secreting tumors have been isolated in other un-
expected peripheral sites. Recently, leukemic marrow cells have been
shown to produce ACTH, renal adenocarcinomas have been reported to
produce massive amounts of insulin and glucagon, and squamous cell
carcinoma of the cervix and burn scars have been shown to produce
insulin and parathyroid hormone, respectively. The peptide-producing
tumors that have been fully characterized in the adrenal, lung, and
pancreas include vipoma, glucagonoma, pancreatic polypeptidoma, so-
matostatinoma, neurotensinoma, gastrinoma, insulinoma, and bombe-
sinoma. In addition, somatostatin has been found to be produced in
thyroid C cells, thyrotropin-releasing hormone-like peptides in gut en-
docrine cells, and human growth hormone-releasing hormone in pan-
creatic cells. Indeed, it has become evident that the multipotentiality of
these hormone-producing sites may partially explain why surgical treat-
ment for certain endocrinopathies is sometimes ineffective. Surgical
management of these peptide-producing tumors is also complicated by
the fact that selective venous sampling and computerized tomographic
scanning are frequently ineffective in localizing tumors. With the devel-
opment of refined immunoassays and high-performance liquid chroma-
tography techniques, the measurement of circulating peptides may be-
come an important diagnostic tool in the surgical management of
endocrine disease.

VISTAS FOR THE FUTURE IN ENDOCRINE SURGERY

It has become apparent over the past decade that progress will continue
to be made in endocrine surgery as new syndromes are described, previ-
ously recognized ones are diagnosed with greater certainty, and more
definitive therapy is developed. For example, advances in ultrasound
and computerized tomography make possible the delineation of the ad-
renal areas with a degree of accuracy that can lead to the virtual exclu-
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sion of an adrenal tumor. By combining this information with knowl-
edge about the periaortic and bladder areas, it is now possible to rather
confidently rule out the presence of bilateral adrenal tumors, especially
pheochromocytomas—thereby permitting the surgeon to operate from
the approach that provides the least morbidity to the patient. In our
experience, the posterior approach is turning out to be a very adequate
one for many large adrenal tumors (including pheochromocytomas) that
previously would have had to be removed from the front because of
uncertainty about the presence of other adrenal tumors. This is made
possible by refined radiologic diagnosis, which permits a high degree of
confidence that a contralateral adrenal tumor or other intraabdominal
tumors in ectopic sites are not present.

There appears to be a rather high incidence of hyperparathyroidism
in elderly people who are considered to be senile or depressed solely as
a result of their advanced age. We have had experience with many of
these individuals over the past decade, and the return of an elderly and
incapacitated individual to an active and happy family life has been a
rewarding therapeutic experience. The importance of screening for
parathyroid disease in patients in whom the disease is suspected, at
whatever age symptoms appear, has been established.

Certainly, thyroid needle biopsy of solitary thyroid tumors has the
potential for markedly decreasing the number of patients with thyroid
nodules who go to surgery. Many factors account for the resistance of
senior surgeons to this procedure, including lack of experience, fear of
hemorrhage, and lack of availability of an experienced pathologist.
However, like all major therapeutic advances, thyroid needle biopsy
has already been shown to have the potential for greatly decreasing
unnecessary surgery of the thyroid, and it should rapidly become a key
component of the armamentarium of all endocrine surgeons.

Great advances in radiologic procedures involving selective cathe-
terization of veins and arteries, and sampling of blood for hormones,
now permit a quite precise pinpointing of pancreatic tumors of various
sorts and of parathyroid tumors in aberrant locations. These procedures
should not become routine in endocrine cases being operated on for the
first time, since they carry their own morbidity and cost, but they are
extremely important adjuvants in patients who need reoperation for
clearly present surgical endocrinopathies.

The complex interaction of a variety of hormones, coupled with the
constant interplay between neural and endocrine systems, enables the
individual to respond to emergency demands such as starvation, infec-
tion, trauma, and psychologic stress. In the perioperative period, a
complex mixture of hormones conditions the physiologic response of
the individual to anesthetic agents, chemotherapeutic drugs, vasoactive
and psychoactive drugs, and total parenteral nutrition. Over the past
few years, circadian variations in endocrine function have received in-
creasing attention from surgeons. Alterations in hormonal circadian
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rhythms may be involved in the etiology of certain endocrinopathies,
and recent studies have revealed that the internal timing of endocrine
rhythms in relation to one another can be adjusted, altered, or com-
pletely disrupted by factors associated with the surgical experience.

The inherent resistance of an individual’s hormone rhythms to de-
synchronization may play an important role in susceptibility to endo-
crine dysfunction and surgical outcome. Since alterations in plasma
rhythms of certain hormones are known to be associated with various
affective disorders, a goal for the future will be to determine how these
circadian rhythm changes relate to the affect of the surgical patient, the
stress of anesthesia and surgery, and the response of the patient to both
exogenous agents and other circulating hormones.

The second edition of the Comprehensive Manual of Surgical Spe-
cialties: Manual of Endocrine Surgery can only provide a snapshot of
the specialty at a given point in time; but it includes some major changes
from the first edition, and it is hoped it will be of value to surgeons and
other physicians who wish to get an overview of the diagnostic and
surgical aspects of endocrine disorders.



Surgery of the Parathyroids

Primary hyperparathyroidism (HPT), hitherto characterized as a rare
disease with severe, progressive skeletal, gastrointestinal, and renal
manifestations, is now recognized as a relatively common condition that
is frequently mild and symptomless. The increase in frequency of diag-
nosis can be attributed mainly to the detection of a large group of
relatively asymptomatic patients by the increasingly popular use of mul-
tichannel biochemical screening as part of the general medical examina-
tion (1-4). The prevalence of primary HPT in clinic and hospital popula-
tions has been reported to vary between 100 and 200 cases per 100,000
(1,3). According to two recent population-based studies, the incidence
in the general population is at least 25-28 cases per 100,000 population
per year (5,6), with the highest frequency occurring in postmenopausal
women.

This plethora of new cases has resulted in cervical exploration for
primary HPT becoming common; the operation is no longer restricted
to a few major institutions with a special interest in the disease. Fre-
quently, the operation is so easy that the uninitiated surgeon wonders
what all the fuss is about. However, there are many potential pitfalls
and an unsuccessful exploration may have serious and far-reaching con-
sequences. Reexploration of the neck to find a missed parathyroid tu-
mor may be difficult due to scarring, bleeding, and anatomic distortion
and is fraught with hazard to the recurrent laryngeal nerves and any
remaining normal parathyroid glands. Therefore, it is important that
anyone undertaking parathyroid surgery be thoroughly familiar with the
embryology and pathology of the parathyroids and with the many nu-
ances of operative technique which may make the difference between
success and failure.

SURGICAL ANATOMY

Notwithstanding opinions to the contrary, a normal parathyroid gland is
usually easily recognizable at operation (7-10).

Parathyroid glands may have various shapes: when suspended in
loose areolar tissue, fat, or thymus, they may be oval, spherical, pyri-
form, or leaflike; when situated deep to the surgical capsule of the
thyroid, they are frequently flattened or stretched to resemble a disk or
pancake. The normal weight of a parathyroid gland is 30-40 mg (11-14);

General
Introduction



2 SURGERY OF THE PARATHYROIDS

A
Fig. 1-1.

Normal locations of the parathyroid glands. A. Lateral view. B. Poste-
rior view. The superior parathyroid gland on each side is almost always located
on the dorsal surface of the thyroid gland at the proximate level of the cricoid
cartilage (7,12). When not in its usual location, the superior gland may be found
in a retroesophageal or retropharyngeal position; less often it is alongside the
superior thyroid vessels, above the upper pole of the thyroid gland. The inferior
parathyroid gland is more variable in location. In approximately 50% of patients
it lies on the lateral surface at the lower pole of the thyroid, near the point of
attachment of the thyrothymic ligament (7,12). In the other 50% the inferior
parathyroids are intimately associated with the thymus (hence the term
“parathymus glands”), either in the neck or in the superior mediastinum (7,12);
most of these glands are found embedded in, or adjacent to a cervical tongue
of thymic tissue that extends up from the chest behind the suprasternal notch
to reach the inferior pole of the thyroid gland. The thymus is recognized by its
smooth, pale gray-white appearance, its transparent fascial envelope, and the
fact that it is not adherent to surrounding fat. By gentle probing of the thymus,

however, normal glands weighing up to 70 mg have been described at
autopsy (12,13), and, on occasion, we have encountered even larger
normal glands while performing thyroidectomies in eucalcemic patients
(7,15).

A normal parathyroid gland has a soft consistency and a characteris-
tic tan-yellow color. Thyroid nodules are firmer and more red in color;
lymph nodes are likewise firm and have an opalescent gray color; and
thymic tissue is characteristically a pale gray-yellow color. So-called
“brown’’ fat, and ordinary lobules of yellow fat that have become blood
stained, closely resemble parathyroid tissue in color and texture. As a
general rule, however, a biopsy of parathyroid tissue sinks in normal
saline, whereas fat floats (12); the cut surface of a parathyroid bleeds
freely, whereas fat bleeds little, if at all.

Quite often one finds tiny, subcapsular cysts or bubbles in normal
parathyroid glands. These structures are epithelial vesicles known as
Kiirsteiner’s canals. They are of unknown origin and significance (16),
but their distinctive appearance may be of help to the surgeon in identi-
fying parathyroids that are partially obscured by fat or thymus.

The usual number of parathyroids is four, however, five and some-
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the parathyroid gland can be manipulated to the surface, where it can be seen
just beneath the thymic capsule as a darker tan body immersed in the lighter
thymic tissue. Very occasionally, (in approximately 1% of all patients with pri-
mary HPT), the inferior parathyroid gland descends with the thymus all the way
into the mediastinum (19,20). Even more rarely, it may be left stranded high in
the neck as a result of early developmental arrest; the identity of one of these
so-called “‘undescended parathymus glands’ (19) is often suggested by the
presence of a closely associated thymic remnant (12,19,20).

times six glands are found in approximately 5% of careful postmortem
examinations (11). Given the inherent limitations of postmortem dissec-
tion, it is probable that the true frequency of supernumerary glands is
higher than 5%. Boyd (17) found either five or six parathyroid glands in
5 (14%) of 36 human embryos subjected to serial sectioning.

It is extremely unusual to encounter fewer than four parathyroids.
In his detailed study of 352 postmortem cases, Alveryd (13) found only 1
case in which fewer than four parathyroids were identified and the
combined weight of the glands suggested that none had been over-
looked. Likewise, Norris (16) found at least four parathyroids in each of
109 human embryos studied by serial section. Thus, when one is explor-
ing a patient with primary HPT it can be reasonably assumed that at
least four parathyroids should be found.

The anatomic distribution of the parathyroids is reasonably constant
and one finds a rough topographical symmetry on opposite sides of the
neck in most cases. The normal anatomic location of the parathyroid
glands is shown in Figure 1-1. Unusual or ectopic locations are the
result of developmental aberrations or of displacement of glands after
they have become enlarged (Fig. 1-2).
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' B
Ectopic locations of parathyroid glands. A. Developmental aberrations. Fig. 1-2.
The superior parathyroid gland on each side develops from the fourth branchial
pouch. From the embryologic standpoint, therefore, the upper glands should
not be found outside the zone bounded by the upper border of the larynx and
the lower pole of the thyroid. The inferior pair of parathyroids develop with the
thymus from the third branchial pouch and may be found anywhere from the
angle of the jaw to the pericardium (12,16,19-22). (After Westwood and
Didusch.) B. Displacement of enlarged glands (arrows). Parathyroid glands,
when enlarged, may be displaced caudally, in much the same manner as a low-
lying adenoma of the thyroid that eventually becomes substernal (20,21). Tu-
mors of the upper glands are usually displaced down the tracheoesophageal
groove into the posterior mediastinum. Tumors of lower glands are usually dis-
placed into the anterior mediastinum.



Fig. 1-3.
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Parathyroid physiology. Parathyroid hormone (PTH), calcitonin (CT), and
1,25-dihydroxyvitamin D3 [1,25(0OH),D;] act directly or indirectly on the intestine,
kidney, and bone to regulate extracellular fluid calcium homeostasis (23—26).
Vitamin D3, a sterol hormone, is obtained from dietary sources and by the
action of ultraviolet light on precursors in the skin. This substance is trans-
ported to the liver, where it undergoes 25-hydroxylation. Full metabolic activa-
tion occurs with a second hydroxylation step in the kidney to form 1,25-dihy-
droxyvitamin D3. This process is enhanced by increased leveis of PTH and low
plasma phosphorus concentrations. 1,25-Dihydroxyvitamin D3 increases intesti-
nal calcium and phosphorus absorption and enhances calcium and phosphorus
mobilization from bone. Calcitonin is a polypeptide hormone that is secreted by
the parafollicular cells of the thyroid. We still do not know whether this hor-
mone has an important physiologic function in humans, but it is thought to
inhibit bone resorption and thus can be considered a counterregulator of PTH.
PTH is also a polypeptide hormone that is secreted by the parathyroid glands in
response to a decrease in the serum ionic calcium concentration. PTH acts to
increase the translocation of calcium from bone into plasma, both by enhancing
transport of a soluble calcium fraction originating from bone fluid and by stimu-
lating resorption of bone matrix by osteoclasts. The latter action appears to be
mediated via cyclic adenosine 3’,5° monophosphate (cyclic AMP). In the kidney,
PTH also acts via cyclic AMP to increase the renal reabsorption of calcium and
to inhibit the reabsorption of phosphate (so-called phosphaturic effect). PTH
increases the intestinal absorption of calcium, both by a direct action on the
gastrointestinal cells and indirectly through stimulating renal synthesis of 1,25-
dihydroxyvitamin D3. Thus, PTH and 1,25-dihydroxyvitamin D; are closely cou-
pled, and together they serve to regulate serum calcium levels within a narrow
physiologic range. The PTH parent molecule is cleaved into carboxyl(C)-terminal
and amino (N)-terminal fragments in the parathyroid gland itself and also pe-
ripherally in the liver and kidney. The N-terminal fragment has a very short half-
life (less than 10 minutes) and is fully biologically active. The C-terminal frag-
ment has a longer half-life (1-2 hours) and has no known biologic activity. Both
the C- and N-terminal fragments are cleared from the plasma by renal excretion.
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PATHOLOGY

Primary HPT may be caused by an adenoma, which is almost always
solitary, although on occasion there may be two (27) (Fig. 1-4); by
hyperplasia, usually involving all four glands (Figs. 1-5 and 1-6); or,
rarely, by parathyroid carcinoma (Fig. 1-7). The relative incidence of
adenoma and hyperplasia was considerably debated during the past
decade, but the matter has now been largely resolved. The consensus
of opinion is that adenomas are encountered in approximately 80%
of cases, chief cell hyperplasia in approximately 20% of cases, and
water-clear cell hyperplasia and carcinoma in less than 1% of all cases.

Most experienced pathologists acknowledge that it may be ex-
tremely difficult to distinguish histologically between chief cell hyper-
plasia and adenoma (15,32-35). Likewise, there are no reliable histo-
logic criteria to separate early hyperplasia from normal (15,32,34).
Adenomas typically exhibit a compressed rim of normal tissue outside
the tumor capsule, but this appearance is also encountered in cases in
which the other glands are clearly enlarged and hyperplastic (34).

In the past, it was conventional to describe normal parathyroids as
comprising approximately 50% parenchyma and 50% stromal fat. Thus,
a decreased amount of stromal fat was equated with hypercellularity
and hence hyperfunction. However, a number of anatomic studies have

Parathyroid adenoma. A. Adenoma of right inferior gland with a normal su-
perior gland (strap muscles divided). Parathyroid adenomas usually are reddish
brown and have a smooth capsule. In general, they are not adherent to sur-
rounding tissues. Most often, they have a soft consistency, although when large,
areas of secondary calcification, cystic change, hemorrhage, or necrosis may be
seen. They range in size from slightly larger than a normal gland to 20 g or
more. Nonadenomatous parathyroid glands, found in association with adeno-
mas, are not atrophic; grossly and histologically they do not differ significantly
from normal glands (28). B. Microscopic appearance of a typical chief cell ad-
enoma (other adenomas have water-clear cells or oxyphils at the predominant
cell type). The cells are closely packed with a diffuse rather than a nodular dis-
tribution, and there is little or no fat (lipoadenoma is a rare exception) (29). Note
the compressed rim of normal parathyroid tissue seen outside the tumor cap-
sule to the left.

Primary
Hyperpara-
thyroidism

Fig. 1-4.
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Chief cell hyperplasia. A. Hyperplastic parathyroid glands on the left.

In chief cell hyperplasia the glands may be tan to reddish brown and

either smooth and globular (as in this case) or somewhat nodular. A single hy-
perplastic gland is indistinguishable from a chief cell adenoma both grossly and
on microscopic examination. Even the rim of compressed normal glandular
tissue outside an adenoma can be simulated in cases of nodular chief cell hy-
perplasia that has affected only part of the parathyroid. The two conditions are
differentiated by the fact that in hyperplasia more than one gland (usually all
four) is enlarged. Often, the glands are asymmetrically enlarged. Chief cell hy-
perplasia is usually encountered in the context of familial HPT or MEN. B.
Cross sections of two hyperplastic parathyroid glands (left X3, right x2) from
the same patient. The histologic appearance is one of compact increased cellu-
larity and practically no fat. The gland on the left exhibits early nodular change,
whereas that on the right shows a diffuse pattern.

Fig. 1-6.

Water-clear cell hyperplasia. A. Hyperplastic right inferior gland with
branches of the recurrent laryngeal nerve stretched across it. In water-clear cell
hyperplasia the glands are distinctively chocolate brown, are often markedly en-
larged, and have a notable lobulated contour, often with pseudopods. For some
unknown reason, the upper pair of parathyroids in this condition are usually
much bigger than the lower pair. B. Histology. The glands are composed of
large clear cells arranged uniformly in alveolar pattern.
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now documented great variation in the gross and microscopic structure
of normal parathyroids (15,18,36) (Fig. 1-8). It is apparent that some
normal glands are almost totally devoid of fat (especially those from
children and from adults suffering from nutritional depletion), whereas
others have an abundant amount of stromal fat (typically, those glands
from elderly or obese individuals) (15,18,33). Even within the same
gland, it is quite common to find considerable variation in the distribu-
tion of parenchymal and fat cells (15,18,36). Thus, to describe properly
the microscopic anatomy of a parathyroid, it is necessary to examine
several sections from different levels (36). A number of novel methods
have been devised to help distinguish between normal, adenomatous,
and hyperplastic parathyroid glands. These include density measure-
ments (15,37), estimation of cellular DNA content (38), detection of
ABO (H) cell surface antigens (39), and quantitation of intracytoplasmic
fat content (40). However, there is not yet proof of the practical value of
these techniques by correlation with long-term results of operative
treatment.

From a practical point of view, all that the pathologist should be
asked to do at the time of operation for HPT is to confirm the identity of
biopsied or excised parathyroid glands. Any further attempt to charac-
terize the underlying pathology may only serve to confuse the situation
and direct the surgeon to take an inappropriate course of action. The
gross findings at operation, coupled with information derived from the
clinical history and laboratory data, should dictate the extent of resec-
tion (see the section Operative Strategy).

Parathyroid carcinoma. A. Locally invasive parathyroid carcinoma. Typi-
cally, cancerous glands are large and considerably firmer than adenomatous
glands. They may be grayish white in color and are often difficult to dissect
from adjacent tissues because of local tumor invasion or because of the desmo-
plastic reaction they incite. Metastasis occurs late in the course, mainly to re-
gional lymph nodes; distant sites of predilection are lungs and bone. B. Photo-
micrograph showing monotonous cell proliferation with thick, fibrous bands
separating lobules of tumor. The principal histologic features that distinguish
parathyroid carcinoma from adenoma are a trabecular pattern, mitotic figures,
thick fibrous bands, and capsular and blood vessel invasion (30,31).

Fig. 1-7.
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Fig. 1-8.

Variations in microscopic appearance of normal parathyroids (from
euparathyroid individuals). A. Minimal fat cell content {2-year-old boy). B.
“Normal” fat cell content (adult). €. Minimal fat cell content (60-year-old ca-
chectic man). D. Large number of fat cells (60-year-old obese woman). E.
Markedly uneven fat cell distribution throughout the gland. (Reprinted by per-
mission from Grimelius L, et al: Pathology Annual, Part I, 1981, pp 1-24. Cour-
tesy of Dr. Henry Johansson, Academic Hospital, Uppsala, Sweden.)
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Urologic syndrome

Skeletal
syndrome

Hypercalcemic
syndrome

Manifestation of primary HPT. Increased levels of circulating PTH elevate
the serum calcium by several actions: bone resorption is increased over bone
formation; absorption of calcium from the distal renal tubules is stimulated; and
hydroxylation of 25-hydroxyvitamin D; to 1,25-dihydroxyvitamin D3 is stimu-
lated—thus adding the effects of vitamin D to other actions of parathyroid hor-
mone in altering calcium metabolism. The serum phosphorus level is decreased
in 50% of cases. The signs and symptoms of primary HPT fall into three catego-
ries: those associated with the skeleton, with the urinary tract, or with hypercal-
cemia per se.

DIAGNOSIS

CLINICAL FEATURES

The most common mode of clinical presentation today is the serendipi-
tous detection of hypercalcemia by routine, automated biochemical
screening of hospital and clinic patients. A recent review of 500 consec-
utive patients undergoing neck exploration for primary hyperparathy-
roidism revealed that 60% were picked up in this fashion (41). It is
important to note, however, that nearly one-third of these patients had
unsuspected complications of their disease—primarily, asymptomatic
renal stones. When symptoms are present they are referable to the
skeletal or urologic complications of HPT or to hypercalcemia per se
(Fig. 1-9) (42-44).

Urologic Syndrome. When complications occur in primary HPT, the
most common site is the urinary tract. Urolithiasis and/or nephrocalci-
nosis (renal parenchymal calcification) was present in approximately

11

Fig- 1 '9.
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one-third of 500 cases in the series referred to above (41). The incidence
of primary HPT in patients with urolithiasis ranges from less than 5% to
as high as 15% (43,45). The calcium deposited in the urinary tract is
most commonly in the form of calcium phosphate, although calcium
oxalate may be present as mixed or pure stones (45). There is great
variability in the growth rate of stones in primary HPT: some patients
repeatedly form and grow stones; others may have a single stone that
remains unchanged for many years (46). Corrective parathyroid surgery
usually obviates further stone formation with stabilization or improve-
ment of renal function (43).

“Normocalcemic HPT” with Urolithiasis. Among patients with primary HPT and
urolithiasis is a group who have been said to have ‘‘normocalcemic HPT"* (47).
Only rarely, however, are such patients continuously normocalcemic—rather,
they have mild, intermittent hypercalcemia. Typically, they also have hypercal-
ciuria and must be distinguished from patients with idiopathic hypercalciuria due
to primary renal tubular calcium loss or intestinal hyperabsorption of calcium
(see below).

Skeletal Syndrome. Diffuse osteitis fibrosa cystica, with bone cysts and
pathologic fractures, characterized the first few cases of primary HPT
described around the turn of the century. Today, however, this condi-
tion is so rare that it is considered a medical curiosity. Conventional
x-ray examination of the skeleton disclosed obvious abnormalities in
only 10% of 500 surgical cases in our recent experience (41). However,
the use of more sensitive techniques such as bone histologic study,
radiocalcium measurements, and photon beam densitometry reveals a
much greater degree of skeletal involvement (as evidenced by de-
creased bone mineral content or increased bone turnover) than is visible
on standard skeletal x-rays (44). Milder degrees of skeletal involvement
may be evident symptomatically as vague aches or bone pains and also
as arthralgias.

Hypercalcemic Syndrome. Vague symptoms such as lethargy, fatigue,
depression, polyuria, polydipsia, and nonspecific gastrointestinal upset
have been ascribed directly to the hypercalcemia of primary HPT.
These symptoms may represent the only clinical evidence of HPT and
may be so mild and nondescript that the patient recalls them only in
retrospect, after successful parathyroid surgery (6,49,50). On occasion,
some patients present with marked hypercalcemia and with symptoms
so severe that their treatment constitutes a medical and surgical emer-
gency (51-53).

Acute Hypercalecemic Crisis. The crisis is usually due to either primary HPT or
malignant disease with or without bone metastases. Anorexia, nausea, vomiting,
polyuria, and abdominal pain are the usual presenting symptoms (Fig. 1-10).
Within days or even hours, the patient develops dehydration, oliguria, and renal
failure. Bone pain, profound muscular weakness, and delerium are sometimes
prominent features, and fever, cardiac arrhythmias, and acute pancreatitis have
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Acute hypercalcemic crisis. When the serum calcium level exceeds 15 mg/ Fig. 1-10.
dl, serious complications usually ensue. This catastrophic syndrome is most of-

ten caused by disseminated carcinoma with bone metastases (usually breast

carcinoma); however, primary HPT can produce the same picture. Early explora-

tion of the neck is indicated as soon as the diagnosis of primary HPT is con-

firmed.

all been described. Without treatment, coma and death will supervene. Serum
calcium levels exceeding 15 mg/dl (3.7 mmol/L)* are critical and urgent treat-
ment is required.

The immediate goals of management are (a) rapid rehydration; (b) concurrent
investigation to determine the cause of hypercalcemia; and (c) restoration of nor-
mocalcemia. The standard therapy in the past was to rapidly infuse normal sa-
line intravenously, and then to promote a vigorous diuresis with furosemide (20
mg IV at hourly intervals). Once a diuresis began, the normal saline solution was
infused at a rate equal to the urine output in order to maintain fluid balance. Of
course, potassium depletion had to be anticipated with this regimen and
promptly corrected.

Because there is an inherent danger of potassium depletion with vigorous di-
uretic therapy, this treatment has been superseded in recent years by therapy
with mithramycin. While hydration is being restored with saline, mithramycin is
given as an intravenous infusion of 25 ug/kg body weight in dextrose or saline
solution over 4 hours. This single dose usually effects a return of the calcium

* To convert mg/dl to mmol/L, multiply by 0.2495.
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level to near normal within 24 hours and maintains suppression for several days
or more, thereby allowing time to plan more definitive treatment. No bone mar-
row toxicity has been encountered when mithramycin has been given by inter-
mittent injection in this dose range.

A careful history and thorough physical examination will often reveal the un-
derlying cause of hypercalcemia (Fig. 1-11). Laboratory tests should include a
serum phosphorus, parathyroid hormone (PTH) assay, routine hemogram and
erythrocyte sedimentation rate, blood smear, biochemical screen, protein elec-
trophoresis, microurine study, and certain x-ray studies—i.e., a chest x-ray, in-
travenous pyelogram, hand films, abdominal computerized tomographic (CT)
scan, and, in selected cases, gastrointestinal contrast x-rays. When PTH assay
results are not available promptly and other tests are nondiagnostic, exploration
of the neck (and mediastinum, if necessary) may have to be undertaken urgently
if the calcium level proves difficult to control.

RELATIONSHIP OF PRIMARY HPT TO OTHER DISEASES

Peptic Ulcer. The prevalence of peptic ulcer disease among patients
with primary HPT is reportedly higher than that in the normal popula-
tion (54). However, if there is a causal relationship between the two
diseases, it remains obscure (55); the one exception, of course, is the
rare genetic association between primary HPT and Zollinger-Ellison
syndrome in multiple endocrine neoplasia type 1 syndrome (multiple
endocrine adenopathy syndrome). Experimentally induced hypercalce-
mia has been shown to stimulate gastric acid secretion (56), but a defini-
tive clinical study by Wilson and co-workers (57) failed to show any
significant increase in either basal or stimulated gastric acid secretion or
in serum gastrin levels in patients with HPT. Moreover, parathyroidec-
tomy in these patients did not produce any consistent change in either
serum gastrin or gastric acid secretion.

Pancreatitis. Evidence linking pancreatitis to HPT is largely anecdotal,
and if such a relationship exists the mechanism is unclear (58,59). The
prevalence of pancreatitis in most recent large series of surgically con-
firmed HPT has been extremely low (1.5% or less), and often other
etiologic factors, such as alcoholism or biliary calculi, are present in
such patients (10,41,58,59). It remains to be resolved whether or not
there is any true causal link between HPT and pancreatitis. From a
practical point of view, it is worth emphasizing that the coexistence of
these two diseases in the clinical setting does not absolve the physician
from making a careful search for other etiologic factors (such as gall-
stones) that may require treatment to control pancreatitis.

Hypertension. Hypertension is very common among hyperparathyroid
patients, occurring in 20%-50% (60). It is also common among persons
in the general population of comparable age group. However, a recent
age- and sex-matched control study documented a small but statistically
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Causes of hypercalcemia: relative frequency. The most common cause of Fig. 1-11.
hypercalcemia in hospitalized patients is malignancy—especially multiple
myeloma, breast tumors, and bronchial tumors. Most of these patients (75%)
have obvious metastatic disease at the time of clinical presentation. Malignant
tumors cause hypercalcemia either by bone destruction due to metastases, or
by secreting substances into the general circulation that cause bone resorption.
These substances include a native PTH (so-called ectopic HPT), prostaglandin
E., osteoclast activating factor, and an as yet poorly characterized peptide that
mimics some of the physiologic actions of PTH but fails to react with antisera
that recognize PTH (48). It is now thought that most cases of ectopic, humoral,
cancer-associated hypercalcemia are due to this factor. Primary HPT accounts
for about 20% of all cases of hypercalcemia.

significant increase in the risk of definite hypertension in patients with
HPT (5). Surgical correction of HPT did not consistently lower the
blood pressure in these patients.

Thiazides and related diuretics (chlorthalidone) are commonly used as first-time
treatment for hypertension. These drugs may actually produce hypercalcemia,
possibly by decreasing urinary excretion of calcium or by potentiating the action
of PTH.

In normal individuals, any increase in the serum calcium level produced by
thiazide ingestion rarely exceeds 1.0 mg/dl above normal. Moreover, the normal
levels usually return within 1 month after cessation of the treatment. Thus, if the
serum calcium level is higher than 11-11.5 mg/dl or it fails to normalize after
thiazide withdrawal, the patient is likely to have primary HPT (43).

Under these circumstances, parathyroid exploration is usually advised, al-
though the patient may be otherwise asymptomatic with respect to HPT. Even if
restoration of a eucalcemic state is unsuccessful in lowering the blood pressure
in such patients, it will be safe to use thiazides or related diuretics in the treat-
ment of the hypertension postoperatively.
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Multiple Endocrine Neoplasia (MEN) Syndromes. In the authors’ re-
cent experience (41), less than 10% of patients with HPT have the
familial form of the disease, which may be associated with abnormalities
of other endocrine glands. The association of parathyroid hyperplasia
with islet cell tumors of the pancreas and pituitary adenomas is desig-
nated multiple endocrine neoplasia type I syndrome (MEN-I), formerly
described as Wermer’s syndrome. The coexistence of parathyroid hy-
perplasia, bilateral adrenal medullary hyperplasia/neoplasia (pheochro-
mocytoma), and thyroid C-cell hyperplasia/neoplasia (medullary thy-
roid carcinoma) is known as multiple endocrine neoplasia type II
syndrome (MEN-II), formerly known as Sipple's syndrome. These syn-
dromes are genetic disorders transmitted by autosomal dominant inheri-
tance and are thought to be genetically determined dysplasias of the
APUD or neuroendocrine system (See Introduction).

Because a number of different endocrine glands are involved, the
clinical presentation may be variable. Quite frequently, one or another
endocrine component is subclinical. When a patient is found to have
familial HPT or one of the MEN syndromes it is important to screen
other family members for associated endocrinopathies.

It is important in surgical management to recognize that HPT occur-
ring in the context of familial HPT or MEN syndrome is virtually always
due to hyperplasia—even though the gross findings at operation may
reveal only one or two obviously enlarged glands. If less than a subtotal
parathyroidectomy is performed, the disease will probably eventually
recur.

Other Purported Associations. Several reports have tried to link vari-
ous forms of inflammatory joint disease (gout, pseudogout, ankylosing
spondylitis, and chondrocalcinosis) with primary HPT. The most com-
mon of these joint involvements appears to be chondrocalcinosis, a
condition in which there is deposition of calcium pyrophosphate dihy-
drate and related crystals in articular hyaline and fibrocartilage. It has
been described in up to 20%-30% of patients with primary HPT. How-
ever, there appears to be no correlation between the serum calcium
level and the development of chondrocalcinosis, and successful
parathyroid surgery has no predictable effect on this condition.

An increased prevalence of cholelithiasis has also been reported in
patients with primary HPT; however, one recent well-controlled study
noted the same prevalence of gallstones in normocalcemic age- and sex-
matched subjects (61). The purported association between these two
common diseases is probably yet another example of the well-known
“‘Berkson bias,”” whereby selection factors tend to increase the proba-
bility that multiple diseases will be found in hospitalized patients when
compared with the general population (62).

An association between primary HPT and prior therapeutic irradia-
tion of the neck has been established (62,63); however, it probably
accounts for no more than a small proportion of all cases (less than 1%).
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LABORATORY STUDIES

The following protocol has proved reliable at the Mayo Clinic in con-
firming hypercalcemia and establishing the provisional diagnosis of pri-
mary HPT (Table 1-1).

Serum Calcium. Hypercalcemia is still the most reliable biochemical
sign of primary HPT, although the degree of hypercalcemia may some-
times be trivial or only intermittent. Therefore, at least three blood
samples for calcium on three separate days should be obtained in pa-
tients suspected of having primary HPT before the diagnosis is excluded
(65,66). This is especially important in patients with recurrent nephro-
lithiasis, in whom borderline or intermittent hypercalcemia is encoun-
tered fairly frequently.

The diagnosis of primary HPT in patients with minimal or borderline
elevation of serum calcium constitutes a fairly common and difficult
problem. Good quality control in the determination of serum calcium
and the importance of defining the normal range within narrow confi-
dence limits have long been recognized as essential prerequisites for the
reliable diagnosis of HPT.

Oral Calcium Tolerance Test. Broadus et al. (67) recently described a simple oral
calcium tolerance test as a means of diagnosing primary HPT in patients with
borderline or intermittent hypercalcemia and recurrent nephrolithiasis. These pa-
tients with subtle primary HPT display a characteristic pattern of responses fol-
lowing a loading dose of 1000 mg oral calcium—namely, induced hypercalcemia,
calciuria, and abnormal parathyroid suppressability as determined by nephroge-
nous cyclic 3',5'-adenosine monophosphate (cyclic AMP) activity.

According to Broadus, this test enables one to distinguish between the vari-
ous forms of hypercalciuria. In patients with renal hypercalciuria there is no hy-
percalcemic response to an oral calcium load. Approximately 20% of patients
with absorptive hypercalciuria display some induced hypercalcemia following the

Laboratory Studies to Establish Primary HPT.

Serum Calcium,” phosphorus,* protein electrophoresis, uric
acid, alkaline phosphatase, creatinine, PTH (method of
Arnaud et al.)

Blood Erythrocyte sedimentation rate, complete blood count

Urine Routine analysis, bacteriologic culture (when pyuria, re-
nal lithiasis, or nephrocalcinosis is encountered), cal-
cium, creatinine clearance by 24-hour collection

Roentgenography Chest, hands (industrial film), skull, excretory urogram
(intravenous pyelogram).

From Purneli et al. (65).
* At least three determinations.
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oral calcium load, but they show a striking and appropriate suppression of uri-
nary nephrogenous cyclic AMP—in contrast to patients with primary HPT, who
show little or no suppression of cyclic AMP.

Primary HPT is only one of a number of different causes of hyper-
calcemia (see Fig. 1-11). In the past, the diagnosis of primary HPT was
made by excluding all other causes of hypercalcemia. Often this in-
volved a long, drawn-out process of diagnostic evaluation. Now that
reliable PTH radioimmunoassays are available, the diagnostic process
can be substantially shortened by documenting an inappropriate in-
crease in the serum PTH level. There are only three known conditions
in which the serum calcium level is elevated and the serum PTH level is
simultaneously increased (either absolutely or relative to the calcium
level): (a) primary HPT; (b) ectopic HPT, due to elaboration of a PTH-
like polypeptide by a nonparathyroid neoplasm; and (c) familial hypo-
calciuric hypercalcemia (FHH).

Ectopic HPT. Nonparathyroid malignant neoplasms may produce PTH (perhaps
as a result of the process of genetic derepression) and thus cause hypercalcemia;
this condition is described as ‘‘ectopic or pseudo-HPT"’ (68). Subtle immuno-
logic differences in the serum PTH of patients with true primary HPT and those
with ectopic HPT permit differentiation between the two conditions by PTH im-
munoassay: the latter patients tend to have lower measures levels of PTH at the
same level of serum calcium. It would appear from a review of the recent litera-
ture, however, that true ectopic secretion of PTH is relatively rare. Most cases
of cancer-associated hypercalcemia which were formerly thought to be due to
ectopic HPT are now attributed to secretion of another, as yet poorly character-
ized peptide that resembles PTH in some of its physiologic actions but is not de-
tectable by PTH assay.

Familial Hypocalciuric Hypercalcemia. (familial benign hypercalcemia). This con-
dition was first described by Foley et al. in 1972 (69) and was recently further
characterized by Marx (70). It is a genetic disorder transmitted by autosomal
dominant inheritance and is characterized by uncomplicated hypercalcemia, in-
appropriately normal levels of immunoassayable PTH, normal to low serum
phosphorus levels, and relative hypocalciuria. The parathyroid glands are
grossly and histologically normal in some cases, whereas in others they have
been described as hyperplastic. Subtotal parathyroidectomy has no effect on the
hypercalcemia, however, total parathyroidectomy produces hypocalcemia. Thus,
although the cause of the hypercalcemia in FHH is not known, it is presumably
PTH dependent. It has been postulated that the disorder represents a generalized
insensitivity to calcium ion (70).

Unlike primary HPT, hypercalcemia in FHH generally begins before age 10
years. The two conditions usually may be distinguished by measuring the ratio
of renal calcium clearance to creatinine clearance: a value below 0.01 suggests
FHH; above 0.01 primary HPT is more likely. If hypocalciuric hypercalcemia is
also found in several relatives, particularly if they are young, the diagnosis of
FHH is strongly suggested. The current recommendation is that such patients
should be observed rather than undergo cervical exploration.
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Relationship between serum PTH (C-terminal fragment assay) and
serum calcium in normal subjects (®) and patients with surgically
proved HPT (O). In normal subjects the concentration of PTH varies inversely
with serum calcium, as one would expect in a simple negative-feedback control
system. In patients with primary HPT, the serum PTH is inappropriately elevated
at any given concentration of serum calcium above the normal range. There is a
significant positive relationship between the two variables, indicating semiau-
tonomous PTH secretion. (Adapted from Arnaud CD, Tsao HS, Littledike EF:
Radioimmunoassay of human PTH in serum. J Clin Invest 50:21-34, 1971.)

Radioimmunoassay of PTH. As discussed previously, PTH is present
in the circulation as several immunologically distinct fragments. It has
been empirically demonstrated that assays that are specific for the car-
boxyl (C)-terminal region of the PTH molecule are far superior to those
that are specific for the amino (N)-terminal region in separating normal
subjects from patients with primary HPT (23). The greater utility of the
anti-C assay may be related to the fact that C-terminal fragments are
present in greater quantities than N-terminal fragments or intact PTH in
the peripheral circulation of patients with primary HPT. The greater
pool size of the C-terminal fragments is probably a function of both their
longer half-time of survival and their preferential secretion by some
parathyroid tumors.

When the best anti-C PTH assay systems are used, approximately
90% of patients with primary HPT are found to have an absolute in-
crease in their serum PTH level (Fig. 1-12) (71). Even the 10% of pa-
tients whose values overlap into the normal range do not present a
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X-Ray studies in HPT. A. Hand x-ray film showing subperiostal resorption
most pronounced at the margins of the second phalange. B. Skull x-ray film
depicting typical granular (‘‘ground-glass”) demineralization. €. Intravenous
pyelogram showing advanced bilateral nephrocalcinosis.

major diagnostic problem because normal levels of PTH in the presence
of hypercalcemia represent an inappropriate increase in PTH level and,
as such, are indicative of excess, semiautonomous PTH secretion.

X-Ray Studies. Minimal changes of osteitis fibrosa cystica are best
demonstrated by magnified hand x-rays taken on an industrial-grade
film (65) (Fig. 1-13A). Fraying of distal phalangeal tufts, subperiosteal
resorption of the margins of the phalanges, cysts of the carpal bones,
and chondrocalcinosis of the triangular fibrocartilage of the wrist oc-
curred in various combinations in 7.5% of surgical cases in the authors’
recent experience (41). Granular ‘‘ground-glass’’ demineralization of
the skull usually occurs only in the presence of extensive skeletal de-
mineralization (Fig. 1-13B). Occasionally, the only skeletal x-ray finding
may be a solitary bone cyst. Special dental x-ray films may reveal
thinning or focal loss of the lamina dura in some patients.
Intravenous pyelography should be performed in all patients being
investigated for hypercalcemia unless contraindicated by allergy to con-
trast dye or heavy proteinuria in a patient suspected to have multiple
myeloma. A plain abdominal x-ray is less satisfactory because it does
not demonstrate nonopaque oxalate stones and one is more likely to
miss a hypernephroma using this technique rather than an intravenous
pyelogram (65). Since about one-third of malignant tumors producing
PTH-like peptides are hypernephromas, rarely should a patient undergo
surgery for suspected primary HPT until adequate x-rays of the kidneys
are obtained (65). An additional one-third of patients with ectopic HPT
have carcinoma of the lung, usually of the squamous cell type. Thus, a
chest x-ray is another essential prerequisite to cervical exploration for
suspected HPT. Patients with various malignancies, originating in the
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gastrointestinal, reproductive, or hematopoietic system, make up the
remainder of those with ectopic HPT.

Serum Phosphorus. Although the serum phosphorus level is generally low in pa-
tients with primary HPT, true hypophosphatemia (i.e., less than 2.5 mg/dl) is en-
countered in only 50% of patients (65,66). An elevated serum phosphorus in the
presence of hypercalcemia and normal renal function suggests bony metastases
or vitamin D intoxication.

Calculating the chloride to phosphorus ratio may be useful, since most pa-
tients with primary HPT have serum chloride levels above 102 mEq/liter (due to
PTH-induced renal bicarbonate loss). A chloride to phosphorus ratio greater
than 33 favors the diagnosis of primary HPT; a ratio less than 30 usually indi-
cates that the hypercalcemia is due to another cause (72).

Ionized Calcium. The determination of serum ionized calcium may be of special
value in the diagnosis of primary HPT in patients with recurrent renal calculi
and borderline elevations of total serum calcium (72,73). Routine diagnostic use
of ionized calcium determinations, however, is not feasible because the labora-
tory procedure tends to be somewhat tedious and slow and the electrode flow-
through system requires frequent servicing. There are also problems with the ac-
curate analysis of frozen serum or serum stored for more than several days.

Urinary Cyclic AMP. Urinary cyclic AMP values expressed in terms of urinary
creatinine secretion are capable of separating 70%-80% of patients with primary
HPT from normal subjects (74). This diagnostic vyield is very similar to that of
many serum PTH assays, so that in the absence of a satisfactory C-terminal-
specific PTH radioimmunoassay, the measurement of cyclic AMP is helpful. In
general, patients with nonparathyroid hypercalcemia (excluding malignancy)
have low values of urinary cyclic AMP; in hypercalcemia of malignancy, the
available results indicate that cyclic AMP excretion is frequently increased.

Urinary Calcium Excretion. When renal function is normal, hypercalcemia usu-
ally results in hypercalciuria due to an increase in the amount of calcium filtered
by the kidney. PTH facilitates renal tubular reabsorption of calcium and thereby
acts to minimize hypercalciuria in primary HPT. Therefore, hypercalciuria in ex-
cess of 500 mg/24 hr is unusual in HPT. In various other hypercalcemic disor-
ders, however, where there is suppression of PTH secretion, comparable levels
of serum calcium are often associated with appreciably greater levels of hyper-
calciuria. The diagnostic usefulness of hypercalciuria is limited by the frequency
with which it is observed in renal stone formers who do not have HPT. A rela-
tively low urine calcium output (less than 200 mg/24 hr) despite hypercalcemia is
a hallmark of FHH; the importance of the renal calcium clearance to creatinine
clearance ratio as a means of distinguishing this entity from primary HPT was
discussed above.

Other Tests. Other metabolic tests have been used in the past to help establish
the diagnosis of HPT—for example, the tubular reabsorption of phosphate and
the cortisone suppression test (Dent test). Serum calcium levels rarely decrease
in response to glucocorticoids in patients with primary HPT; they do decrease in
about one-half of the patients with malignancy and in virtually all of the patients
with sarcoidosis and vitamin D intoxication (75). The usefulness of these tests,
however, is limited by false-negative and false-positive results.
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PREOPERATIVE LOCALIZATION STUDIES

The surgical treatment of HPT may be complicated by difficulty in
locating the parathyroid glands. Even abnormal glands may be small or
atypical in appearance and vary in location. The problem is com-
pounded in patients undergoing reexploration of the neck for persistent
or recurrent HPT, when scar tissue, anatomic distortion, and bleeding
all serve to frustrate the surgeon.

A number of different tests have been devised to help localize
parathyroid tumors either preoperatively or intraoperatively. Preopera-
tive studies such as cine esophagography, thermography, and se-
leomethionine scanning have uniformly proved of little help in the au-
thors’ experience because these studies have failed to detect all but the
largest of parathyroid tumors (greater than 2 g). The intraoperative use
of methylene blue (given as an intravenous infusion over 30 minutes, in
a dose of 5 mg/kg body weight diluted in 500 ml normal saline) stains the
parathyroids and may possibly assist the inexperienced parathyroid sur-
geon to identify these glands. However, methylene blue is unlikely to
identify tissue that might be overlooked by an experienced surgeon.
Moreover, identification of stained glands requires that they be visible.
This means that parathyroids that are hidden from view in the medias-
tinum, within the thyroid, or tucked away in some recess of the neck are
not revealed by this technique.

From a practical point of view, there are currently four useful means
of preoperative parathyroid tumor localization: selective arteriography
and selective thyroid venous sampling for PTH, both of which are inva-
sive studies; and ultrasonography and CT, which are noninvasive.

Arteriography. Studies of the superior and inferior thyroid and internal
mammary arteries may demonstrate a parathyroid tumor blush (Fig.
1-4). Because parathyroid tissue is intimately related to thyroid tissue in
the neck, arteriography cannot always distinguish the staining of an
enlarged parathyroid gland from that of a thyroid nodule. Despite the
use of high-resolution magnification techniques, subtraction, and pre-
liminary thyroid scans, arteriography provides accurate prospective lo-
calizing information in only 50% of cases (76). This study has proved of
greatest value in the localization of mediastinal parathyroid tumors be-
cause there is less ambiguity in the interpretation of the stain arising
from a branch of the internal mammary artery.

Complications that have been reported with parathyroid arteriogra-
phy include tetraplegia, hemiplegia, cortical blindness, homonymous
hemianopsia, and even death (77-82). The overall risk of complications
in experienced hands is very low but the sequelae may be catastrophic.
Therefore, the authors believe that arteriography should be reserved for
selected cases, as discussed below.



PRIMARY HYPERPARATHYROIDISM

Selective Venous Sampling for PTH. This test is able to lateralize hy-
perfunctioning parathyroid glands by detecting a localized step-up in
hormone concentration in the venous effluent from such glands (Fig.
1-15). The study involves transfemoral, retrograde catheterization of the
superior, middle, and inferior thyroid, vertebral, and thymic veins as
well as the internal jugular and innominate veins; blood samples for
PTH assay are taken from these multiple sites. Usually 15-20 samples
are obtained. It requires great skill and patience to catheterize and
sample blood from small thyroid veins. The temptation to withdraw the
catheter from the small veins (where aspiration of blood is difficult) into
larger veins must be avoided because the results of large-vein catheteri-
zation studies have proved almost worthless.

Selective venous sampling has proved highly accurate in lateralizing
hyperfunctioning parathyroid glands in patients who have not been pre-
viously explored (83). However, when there has been previous neck
surgery, the venous anatomy and patterns of drainage may be thor-
oughly distorted, and the study may actually provide misleading infor-
mation. In order to rationally interpret the venous sampling data in such
patients, selective arteriography should be performed prior to venous
sampling to identify abnormal venous drainage (81,84). This means, of
course, exposing the patient to the potential risks of arteriography and it
adds additional cost to what is already an expensive undertaking. The
prospective localizing accuracy of selective venous sampling when per-
formed alone in reoperative cases is no better than 40%-50%; when
interpreted in the light of a preceding arteriogram, however, it will
provide correct localizing or lateralizing information in 70% or more of
cases (76,81).

S
Demonstration of mediastinal parathyroid tumor (arrows) by selective
right internal mammary arteriography.
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Fig. 1-15.
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Peripheral level 1.7 ng/ml PTH

Localization of hyperfunctioning parathyroids by selective thyroid ve-
nous catheterization and PTH sampling. The sampling catheter, which has
been introduced via the femoral vein, is sited with its tip in the right inferior thy-
roid vein. The high concentration of PTH in the left inferior thyroid vein indi-
cates the presence of an adenoma of a left-sided parathyroid gland.

CT Scanning. Third- and fourth-generation CT scanners have proved
useful in detecting hyperfunctioning mediastinal parathyroid tumors
(Fig. 1-16). Unfortunately, CT has been of little or no value in the
localization of cervical lesions—partly because of the so-called sparkler
artifact produced by metal clips left by the surgeon, and partly because
the x-ray attenuation coefficients of thyroid and parathyroid tissues are
too similar.

CT scanning for the detection of mediastinal tumors should be per-
formed using a state-of-the-art fast scanner with 1-cm serial sequential
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Positive mediastinal CT scan showing a parathyroid adenoma embedded in
the thymus gland just anterior to the aortic arch (arrow).

overlapping scans extending from low in the neck to the tracheal bifur-
cation. Scans should be obtained before and during the intravenous
infusion of contrast material into both arms; this improves the definition
of some glands and permits the separation of soft tissue and vascular
structures.

In a recent prospective review of 56 mediastinal CT scans per-
formed in 54 patients undergoing reoperation for persistent or recurrent
primary HPT, 10 of 20 mediastinal parathyroid tumors were identified,
for an overall accuracy of 50% (85); the smallest tumor was 1.5 ¢cm in
diameter. There were 4 false-positive scans: tumors that were thought
to have been seen in the mediastinum were discovered at operation to
be in the neck. In view of the significant number of false-positive scans,
the authors are reluctant to proceed directly with median sternotomy
unless they can be sure that the neck has been thoroughly and systemat-
ically explored at the previous operation.

Ultrasonography. Conventional B-mode, gray-scale ultrasonography of
the neck can identify large parathyroid tumors (greater than 1 cm in
diameter) with fair accuracy. However, a significant proportion of ab-
normal glands encountered in most contemporary surgical series are
smaller than 1 ¢cm in diameter and would therefore escape detection
with conventional ultrasonic scanning. Of course, ultrasound cannot
detect retrosternal glands. The new generation of high-resolution, real-
time ultrasound instruments (10 MHz) are able to identify parathyroid
tumors as small as 3 mm (86,87) (Fig. 1-17). Thus it can be expected that
the great majority of parathyroid adenomas will be suitable for detection
by means of high-resolution ultrasonography.

This technique has some obvious advantages over other preopera-
tive localizing tools in that it is safe, simple, noninvasive, and relatively
inexpensive, and operation of the equipment requires no special skills.
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Fig. 1-17.
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High resolution real-time ultrasonography. A. Cross-sectional cervical
anatomy demonstrates normal relationships of muscles, thyroid, vessels, tra-
chea, and parathyroids. B. Parasaggital sonogram shows a 1-cm parathyroid
adenoma (P), thyroid (T), strap muscle (M), trachea (7r), jugular vein (V), and
carotid artery (C). (From Grant CS, vanHeerden JA, Goellner JR: New diagnostic
techniques in endocrine surgery. In Farnell MB, Mclirath DC (eds): Problems in
General Surgery 1:141-153, 1984.)

Real-time, high-resolution scanners are now commercially available and
it is expected that these instruments will find widespread future applica-
tion in the preoperative localization of parathyroid tumors.

An experienced parathyroid surgeon will be able to identify and
remove abnormal glands for cure in 90%-95% of cases of primary HPT
at the initial cervical exploration without any assistance from preopera-
tive tumor localization studies. Given the success of real-time ultra-
sonography in several studies, however, one might anticipate future
routine use of this inexpensive and noninvasive localizing technique in
this setting. CT scanning of the mediastinum prior to initial cervical
exploration cannot be justified. Hyperfunctioning mediastinal parathy-
roid tumors are very rare (less than 1% of all patients with primary
HPT); consequently, the cost-benefit ratio of routine CT scanning
would be extremely high. There is also the problem of false-positive
scans. Certainly, invasive methods, such as arteriography or venous
sampling, have no place prior to the initial exploration of the neck.

In the patient who has previously undergone an unsuccessful neck
exploration for primary HPT, real-time ultrasonography of the neck and"
CT scanning of the mediastinum should be done. The authors do not
perform arteriography and venous sampling unless they can be certain
from a careful study of the prior operative findings and pathology re-
ports that the patient has already had a thorough and systemic explora-
tion of the neck (see the section, Operative Strategy).

Obviously, the investigation and treatment of patients with persis-
tent or recurrent hypercalcemia following unsuccessful parathyroid sur-
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gery should be carried out in those referral centers equipped with the
necessary radiographic and surgical expertise.

TREATMENT

The only effective treatment of primary HPT is surgical. Pharmacologic
treatment has been tried—with inorganic phosphate, calcitonin and re-
cently with cimetidine (88) and with propranolol (89)—but has not
proved satisfactory in the long term.

INDICATIONS FOR OPERATION

Surgery is recommended for all patients with symptomatic or compli-
cated disease and for those patients whose serum calcium levels exceed
11 mgldl. It may be difficult to evaluate nonspecific hypercalcemic
symptoms such as lethargy, fatigue, and depression (90); this is espe-
cially true in the elderly patient, in whom such symptoms are frequently
interpreted by indicating other disease or senile dementia. Several au-
thors, however, have drawn attention to the fact that surgical correction
of HPT in the elderly patient often leads to a remarkable improvement
in mental and neuromuscular complaints and they have little hesitation
in recommending operation in such patients (50,91).

There seems to be general agreement that parathyroid exploration
should be recommended for hypertensive patients with primary HPT—
even if they are otherwise asymptomatic with respect to their parathy-
roid disease. Their hypertension may be cured or ameliorated and, in
those cases where the blood pressure does not return to normal,
thiazides can be safely used postoperatively in the treatment of any
residual hypertension.

For patients with asymptomatic, uncomplicated primary HPT, in
whom the serum calcium level is less than 11 mg/dl—that is, so-called
“biochemical HPT’—there are two management choices: surgery,
which is curative; or careful surveillance, which is not. The resuits of a
10-year prospective follow-up study of 147 patients with untreated bio-
chemical HPT were recently published (46,92). The study was designed
to determine the frequency with which asymptomatic disease became
symptomatic and to identify those patients most likely to experience
later complications. After 10 years, 35 patients (24.6%) had come to
surgical exploration, 24 (16%) of these because they had developed
renal or skeletal complications of their disease. There were difficulties
in determining the precise status of the disease in many of the remaining
patients, but the authors could detect no obvious trends toward the late
development of progressive renal failure or urolithiasis. Moreover, they
were not able to identify any factors at the time of the patient’s initial
presentation that would enable them to predict the ultimate need for
surgical intervention.
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From this study we can conclude that many patients with the provi-
sional diagnosis of primary HPT do not have a clinically progressive
form of the disease and can be observed safely without surgical treat-
ment. However, it is also clear that some 15%-20% of patients develop
clinically evident renal or bone disease within 5-10 years of diagnosis.
Furthermore, careful medical follow-up of patients with untreated HPT
is often time consuming and frustrating, because patient interest and
cooperation are difficult to sustain. Many patients are simply not willing
to commit themselves to a carefully supervised medical follow-up
program. .

There are also economic considerations. According to Hodgson and
Heath (93), adequate medical follow-up should include the following: an
annual assessment of the patient’s general health; measurement of se-
rum calcium, phosphorus, and alkaline phosphatase; determination of
renal function; x-ray evaluation for metabolic stone disease; and mea-
surement of urinary calcium excretion. The annual cost of these tests is
approximately 20% of initial diagnostic studies and surgical treatment
(5,93). One might seriously question the cost-effectiveness of such a
follow-up program.

In the authors’ opinion, surgical therapy for patients with asympto-
matic, uncomplicated primary HPT is recommended for the following
reasons: (a) It offers safe, definitive treatment and a precise diagnosis.
In the hands of an experienced parathyroid surgeon the cure rate is
approximately 95% (41,94-96). (b) It would appear to be more cost-
effective than long-term follow-up (93) and is more practicable and ac-
ceptable to most patients (92,93). (¢c) Renal damage and progressive
bone disease occur in about 15%-20% of patients who are left untreated
(92,97). There is also now considerable evidence that most patients with
asymptomatic HPT are losing bone and are consequently at risk of
developing osteoporosis in the long term (94,98,99). Successful parathy-
roidectomy normalizes bone turnover in these patients, just as it does in
symptomatic patients (94).

Of course, patients who choose not to have surgery or who have
serious medical contraindications to surgery must have careful long-
term follow-up.

OPERATIVE STRATEGY

In view of the uncertainty surrounding the histologic diagnosis of
parathyroid disease, the surgeon must depend ultimately upon the gross
findings at operation, correlated with knowledge of the clinical history
and laboratory data, to distinguish between single-gland and multiple-
gland disease and to make a decision regarding specific surgical treat-
ment (7,32,41).
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The authors employ the following operative strategy:

A reasonable effort is first made to identify all four parathyroid
glands in every case. Biopsy of normal-sized glands is performed only if
there is some doubt as to their identity.

If only one or two glands are grossly enlarged (estimated weight of
each greater than 70 mg), and the patient does not have familial HPT or
MEN syndrome, then only the enlarged glands are removed.

If three or more glands are grossly enlarged, or the patient has
familial HPT or MEN syndrome, a subtotal parathyroidectomy is done
to remove all but 50 mg of viable parathyroid tissue.

Total Parathyroidectomy with Heterotopic Autotransplantation. Wells et al. (14)
have advocated total parathyroidectomy with autotransplantation of a portion of
one gland to the muscles of the forearm rather than subtotal parathyroidectomy
in cases of multiple-gland disease. They cite a high rate of recurrent HPT after
conventional subtotal parathyroidectomy. Their rationale for autotransplantation
is that if recurrent HPT does occur in these patients, it can be dealt with simply
by removal of a portion of the graft from the forearm under local anesthesia.
However, in our experience (100) and that of others (101,102), true recurrent
HPT is extremely uncommon following subtotal parathyroidectomy for chief cell
hyperplasia. There would appear, therefore, to be no advantage in performing
total parathyroidectomy and autotransplantation for primary chief cell hyperpla-
sia. There may<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>