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To Our Wives 



EdD'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. Illustrations 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of a surgical atlas was superseded by a plan to provide a comprehensive 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 
131 1 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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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" 
(ONES), 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 multi potentiality 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 APU D 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 ofthe 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 
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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 f3-lipotrophin, f3-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). 

General 
Introduction 

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); 1 



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). 

B 
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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. 
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Fig. 1·3. Parathyroid physiology. Parathyroid hormone (PTH), calcitonin (CT), and 
1,25-dihydroxyvitamin 03 [1,25(OHh031 act directly or indirectly on the intestine, 
kidney, and bone to regulate extracellular fluid calcium homeostasis (23-26). 
Vitamin 0 3 , a sterol hormone, is obtained from dietary sources and by the 
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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 0 3 . This process is enhanced by increased levels of PTH and low 
plasma phosphorus concentrations. 1,25-0ihydroxyvitamin 0 3 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 03 . Thus, PTH and 1,25-dihydroxyvitamin 03 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 (Iipoadenoma is a rare exception) (29). Note 
the compressed rim of normal parathyroid tissue seen outside the tumor cap-
su Ie to the left. 
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Fig. 1·4. 
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A B 

Fig. 1·5. 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 x 3, 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. 

A B 

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). 

A B 
Parathyroid carcinoma. A. Locally invasive parathyroid carcinoma. Typi- Fig. 1·7. 
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). 
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A B 

c 

E 

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). C. 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 II, 1981, pp 1-24. Cour
tesy of Dr. Henry Johansson, Academic Hospital, Uppsala, Sweden.) 

o 
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Hypercalcemic 
syndrome 

Manifestation of primary HPT. Increased levels of circulating PTH elevate Fig. 1·9. 
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 D3 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 
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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 Hypercalcemic 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 mgl 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. Earlyexplora-
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 mmoIlL)* 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 /-Lg/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 I 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 
E2 , 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 
ofPTH. 

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 offamilial 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 chondroca1cinosis) with primary HPT. The most com
mon of these joint involvements appears to be chondroca1cinosis, 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 chondroca1cinosis, 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 biood 
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 hype rcalci uri a display some induced hypercalcemia following the 

Laboratory Studies to Establish Primary HPT. 

Serum 

Blood 

Urine 

Roentgenog raphy 

From Purnell et al. (65) . 

Calcium,* phosphorus,* protein electrophoresis, uric 
acid, alkaline phosphatase, creatinine, PTH (method of 
Arnaud et aL) 

Erythrocyte sedimentation rate, complete blood count 

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

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

• At least three determinations. 

Table 1·1. 
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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 Fig. 1·12. 
serum calcium in normal subjects (e) and patients with surgically 
proved HPT (0). 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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B c 
Fig. 1·13. 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. C. 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 yield 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 mg124 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 ofthe 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. 
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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). 

Demonstration of mediastinal parathyroid tumor (arrows) by selective 
right internal mammary arteriography. 

Fig. 1·14. 
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Peripheral level 1.7 ng/ml PTH 

Fig. 1·15. Localization of hyperfunctioning parathyroids by selective thyroid vee 
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 I-cm serial sequential 
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Positive mediastinal CT scan showing a parathyroid adenoma embedded in Fig. 1·16. 
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 em 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 rriost 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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A B 

Fig. 1·17. 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 (Tr), jugular vein (V), and 
carotid artery (C). (From Grant CS, vanHeerden JA, Goellner JR: New diagnostic 
techniques in endocrine surgery. In Farnell MS, Mcilrath 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 mg/dl. 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 mgldl-that is, so-called 
"biochemical HPT"-there are two management choices: surgery, 
which is curative; or careful surveillance, which is not. The results of a 
to-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 to 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 even be significant disadvantages. such as a higher incidence of 
postoperative hypoparathyroidism while waiting for the grafts to function; there 
also appears to be an unusual propensity for subsequent overgrowth of grafted 
parathyroid tissue to cause recurrent hypercalcemia. Wells et al. (103) reported 
recurrent HPT due to graft overgrowth in as many as 60% of patients with famil
ial HPT and up to II % of patients with nonfamilial HPT within 5 years of auto
transplantation; these figures are much higher than those reported after conven
tional subtotal parathyroidectomy (100,101,102). 

At the present time, we would resort to parathyroid autotransplantation in 
cases of primary HPT only as a means of preserving a parathyroid remnant that 
was devitalized in the course of subtotal parathyroidectomy. This should be a 
rare occurrence if proper precautions are taken to prepare a suitable remnant 
prior to removal of any of the parathyroids. If the first attempt to secure a viable 
remnant is unsuccessful, the surgeon will then have several more chances at it. 
The remnant is tagged with a long silk suture to facilitate its identification should 
subsequent operation ever be required. 

If preliminary bilateral dissection fails to reveal any abnormal 
parathyroid glands, biopsies are taken from all normal-sized glands to 
confirm their identity and the exploration is systematically widened to 
look for the missing glands. The dissection is extended as far as possible 
under direct vision into the anterior and posterior mediastinum and the 
thymus is removed for careful sectioning. The retroesophageal and re
tropharyngeal space is examined next, and then the region alongside the 
larynx above the upper pole of the thyroid reaching up as far as the 
angle of the jaw. The carotid sheath is also opened and explored. Fi-
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nally, the authors recommend subtotal resection of the thyroid gland on 
the side of the missing gland to look for an intrathyroid parathyroid 
tumor. Formal mediastinal exploration via a median sternotomy should 
not be performed at the initial operation unless the patient is in parathy
roid crisis. 

If four normal-sized glands are found, their identity is confirmed by 
biopsy and an adenoma of a supernumerary parathyroid gland is sought. 
Ifnone is found, the normal-sized glands are left in situ and marked with 
long silk sutures for future identification. Should subsequent study con
firm the diagnosis of primary HPT, efforts are then made to localize the 
missing tumor prior to reoperation. 

Roth et al. (104) advocated that if initial exploration of one side of the neck re
veals an enlarged gland and a normal-sized parathyroid it is not necessary to ex
plore the opposite side. However, we have encountered "double adenomas" in 
up to 5% of our patients (27), and very often the second tumor was found on the 
contralateral side of the neck. Bruining et al. (95) carefully charted the location 
of enlarged parathyroid glands at operation in 615 patients explored for primary 
HPT: had Roth's principle been followed in this particular surgical series, up to 
15% of the multiple parathyroid tumors encountered would have been over
looked because they were situated on the opposite side of the neck. 

POSTOPERATIVE MANAGEMENT 

In most patients the postoperative care is straightforward. The serum 
calcium level usually returns to normal within 12-36 hours; subse
quently, temporary hypocalcemia (rarely symptomatic) may occur, but 
by the morning of the third postoperative day the serum calcium is 
usually returning to the normal range and the patient can be discharged 
from the hospital. 

The risk of death from this operation is essentially no higher than 
that for the associated general anesthetic. Morbidity due to injury to the 
recurrent laryngeal nerves should be entirely avoidable except in those 
rare incidences where local invasion by parathyroid carcinoma requires 
sacrifice of the nerve. It should be mentioned however, that transient 
vocal cord dysfunction will be encountered from time to time after a 
straightforward cervical exploration (less than 3% of all patients). This 
is probably due to some edema of one or another recurrent nerve sec
ondary to minor operative trauma. Complete recovery can be expected 
within 4-6 weeks (41). The only other significant complication that may 
be encountered is symptomatic hypocalcemia. This is usually transient, 
but in 1 %-2% of patients it may be permanent. 

POSTOPERATIVE HYPOCALCEM IA 

A certain degree of hypocalcemia after parathyroidectomy is not en
tirely unwelcome because it gives some assurance of cure. However, 
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hypocalcemia that is sufficient to cause symptoms represents significant 
morbidity and should be avoided if at all possible. Hypocalcemia after 
parathyroidectomy is caused either by hypoparathyroidism (when the 
level of serum phosphorus is high) or "bone hunger" (when the serum 
phosphorus level is low)-the rapid accretion of calcium into deminer
alized bone after correction of the hyperparathyroid state. Bone hunger 
is most likely to occur in the 5% of patients who have obvious radiologic 
evidence of osteitis cystica. 

In general, treatment of hypocalcemia is not indicated unless symp
toms are present. Apprehension, anxiety, hyperventilation, and circum
oral and acral paresthesias are the earliest symptoms; Chvostek's sign is 
positive at this stage. (Remember, however, that 10% of the normal 
population have a positive Chvostek's sign; this should be checked 
before operation.) Treatment should be initiated before Trousseau's 
sign becomes positive because this tends to occur late and is usually an 
indication of severe hypocalcemia with impending carpopedal spasm, 
laryngeal stridor, and convulsions. A blood sample should always be 
drawn to check the serum calcium level before any calcium treatment is 
administered (the same clinical picture may be produced by alkalosis 
due to hyperventilation). It is reasonable, of course, to embark on ther
apy while awaiting the laboratory result. 

The mild symptoms of hypocalcemia usually respond well to oral 
calcium, either calcium carbonate or calcium lactate, administered 
every 6 hours. Calciferol (50,000 IU daily), dihydrotachysterol (1.25 mg 
daily), or 1,25-dihydroxyvitamin D3 (0.25-1 JLg daily) may be added to 
enhance calcium absorption if oral calcium alone is not sufficient to 
maintain a normal serum level. 1,25-Dihydroxyvitamin D3 has the ad
vantage of rapid onset and offset of its biologic effects; however, it is 
expenSIve. 

Urgent intervention is required for severe symptoms with cramps 
and carpopedal spasm. Immediate relief is afforded by an intravenous 
bolus infusion over 10 minutes of a 10% solution of calcium gluconate, 
with the pulse monitored all the time; repeated injections may be re
quired to relieve the ·crisis. Subsequent calcium needs over the next 6 
hours or so can best be met by a continuous infusion of calcium (15 mg 
elemental calcium/kg body weight) (53). 

Each IO-ml ampule of 10% solution of calcium gluconate contains approximately 
100 mg elemental calcium. Thus, for a patient weighing 60 kg, nine ampules 
should be added to 500 ml normal saline to be infused over 6 hours. 

The serum calcium level can be monitored throughout the infusion 
and appropriate adjustments can be made to the rate of infusion. Oral 
calcium and vitamin D therapy can be started at the same time. Since 
hypomagnesemia can delay the therapeutic response to calcium in tet
any, serum magnesium levels should be checked and corrected if low. 

It is usual to discontinue the use of the vitamin D preparation after 
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normocalcemia has been maintained for several weeks. Ultimately, the 
oral calcium supplement can also be stopped if parathyroid function 
returns. 

PERSISTENT OR RECURRENT HYPERCALCEMIA 

Persistent hypercalcemia usually results from the failure to find a single 
parathyroid adenoma, most often located somewhere in the neck 
(14,105-108). Most authors blame such failures on the surgeon's lack of 
familiarity with the anatomy and topography of the parathyroids and 
stress the importance of centralizing the treatment of HPT to clinics 
where there are surgeons experienced in parathyroidectomy and pathol
ogists accustomed to the histology of the parathyroid glands. Other, less 
frequent causes of persistent hypercalcemia include the following: un
usual, ectopic locations of parathyroid glands, including supernumerary 
glands (109,110) either in the neck or in the mediastinum (82,111); fail
ure to recognize and adequately treat multiglandular disease; and preop
erative misdiagnosis (i.e., hypercalcemia due to a nonparathyroid 
cause, such as malignancy or FHH). 

Hypercalcemia recurring after a normocalcemic postoperative pe
riod of at least 6 months (112) implies enlargement and hyperfunction of 
a parathyroid gland or glands identified at operation as normal. Usually 
hyperplasia is the culprit, and the patients frequently have the familial 
form of HPT or one of the MEN syndromes (102). Alternatively, the 
problem may be one of locally recurrent or metastatic parathyroid carci
noma. Recurrence from heterotopic parathyroid autotransplants has 
also been described (as discussed above). The authors' experience, as 
well as that of others (105-108), underscores the fact that persistent 
rather than recurrent HPT is the major indication for reoperation. 

Strategy and Technique of Reoperative Parathyroid Surgery for Persis
tent or Recurrent HPT (20,112-114). The first step is to confirm the 
diagnosis of primary HPT. The decision to pursue any further treatment 
is based on an assessment of the severity of the disease and any associ
ated operative risk factors. 

If reexploration is warranted, the next step is to review all of the 
previous operative notes, pathology reports, and histologic sections; 
one can generally ascertain the nature of the underlying parathyroid 
pathology. 

If this review of all the available information indicates that the pa
tient has had a thorough and systematic cervical exploration, an ultra
sound study of the neck and CT scan of the mediastinum should be 
performed. Invasive localizing studies, such as arteriography and selec
tive venous sampling, should be considered only if the noninvasive 
studies are not revealing. 
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Heterotopic parathyroid autotransplantation. This technique has been Fig. 1·18. 
employed in conjunction with total parathyroidectomy in the treatment of pri-
mary and secondary chief cell hyperplasia (see text) . Another useful application 
has been in the prevention and treatment of postoperative hypoparathyroidism 
which may follow successful reoperation for persistent or recurrent primary HPT 
when the normal parathyroid glands have been destroyed or removed at pre-
vious operation. A. Schema of immediate autotransplantation of portion of hy
perfunctioning mediastinal parathyroid adenoma to the forearm musculature if 
three normal parathyroid glands have been removed at a previous operation. 
B. Portion of parathyroid is diced into 10-15 pieces measuring 1 x 1 x 3 mm. 
C. A series of individual pockets are created in the exposed flexor muscle bel
lies of the forearm to receive the pieces. D. Sutures of nonabsorbable suture 
material are used to close the mouth of each pocket so as to prevent extrusion 
of the graft and to mark its position in the event that subsequent removal is ne
cessitated by graft-dependent hypercalcemia. (Parts A-D from Edis AJ, Beart 
RW Jr: Parathyroid autotransplantation: An innovative approach. Hosp Pract Jan 
1979, pp 78-84. Part A by Carol Donner.) (Cant.) 
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Fig. 1·18. 
(Coni.) 

DEMONSTRATION OF 
PARATHYROID GRAFT FUNCTION 

PTH 
0.02 ng/ml 

E. Function of the parathyroid autotransplants is confirmed by detecting a 
higher PTH concentration in the effluent venous blood sampled from the ante
cubital vein on the grafted side compared with the nongrafted side. 

When it is felt that the patient has had a less than adequate initial 
cervical exploration, invasive localizing studies are not undertaken but 
an ultrasound and CT scans are obtained. A clearly positive mediastinal 
CT scan would lead directly to a median sternotomy. Otherwise, one 
proceeds initially with reexploration of the neck, being prepared to 
extend the dissection into the chest via a median sternotomy should the 
neck exploration prove fruitless. 

Mter the missing hyperfunctioning glandes) have been found and 
removed, consideration must be given to parathyroid transplantation. 
The best course is to cryopreserve the resected gland and observe the 
postoperative serum calcium response. Autotransplantation of portion 
of the abnormal gland can be performed subsequently should postopera
tive hypoparathyroidism develop and persist longer than 6 months (115) 
(Fig. 1-18). Brennan and Brown (116) and Saxe and Brennan (117) have 
further refined this protocol by testing the cryopreserved tissue in vitro 
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for evidence of autonomous function. When they find that PTH secre
tion by the tissue cannot be suppressed by increasing the ambient cal
cium concentration of the culture medium, they do not transplant the 
tissue for fear that it might proliferate locally and cause graft-dependent 
hypercalcemia. According to these workers, only suppressible parathy
roid tissue should be autotransplanted. 

Obviously, the evaluation and treatment of this special group of 
patients with recurrent or persistent HPT should be undertaken only by 
an experienced team in a large referral center that is equipped with 
facilities for tumor localization, tissue cryopreservation, and tissue cul
ture. Under these circumstances, reoperative parathyroid surgery is 
successful in approximately 85%-90% of cases. 

In most, if not all, patients with chronic renal failure, hyperplasia of the 
parathyroid glands develops to some degree. The stimulus to hyperpla
sia of the parathyroids appears to be hypocalcemia, which is due to 
several factors (118-121): (a) phosphate retention resulting from the 
inability of the diseased kidneys to excrete the phosphate load (hy
perphosphatemia leads to a reciprocal fall in the ionized serum cal
cium); (b) decreased gut absorption of the calcium, due to decreased 
production of 1,25-dihydroxyvitamin D3 (a function of the decreased 
renal mass and high blood phosphate levels). There is excessive secre
tion of PTH by the hyperplastic glands and, as renal failure progresses, 
there is also decreased renal clearance of the hormone, which contrib
utes to the hyperparathyroidism (119). The combination of hypocalce
mia, hyperphosphatemia, and markedly elevated PTH in chronic renal 
failure is known as secondary HPT. 

SIGNS, SYMPTOMS, COMPLICATIONS 

As a result of the increased levels of PTH and deficiency of 1,25-dihy
droxyvitamin D3 , there is excessive bone resorption and defective bone 
mineralization that can eventually lead to disabling symptoms of bone 
pain and pathologic fractures, so-called renal osteodystrophy. The ra
diologic features of uremic bone disease may include the following: 
subperiosteal resorption and bone cysts due to osteitis fibrosa; areas of 
increased radiolucency of bone (i.e., pseudofractures) due to osteoma
lacia; aseptic necrosis of the femoral heads; and, in children, slipped 
epiphyses, metaphyseal fractures, and sometimes osteosclerosis ("rug
ger-jersey spine") (118,121-124). 

Soft tissue calcification is a common complication of secondary 
HPT and is particularly likely to occur when the calcium-phosphate 
(mg/dl) product exceeds 70. Vascular calcification may be associated 
with the rare complication of ischemic necrosis of the skin. Periarticular 
calcification may cause rheumatolgic problems with tendonitis, tendon 
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rupture, and limitation of joint movement. Ocular calcification is occa
sionally symptomatic, causing conjunctival irritability. 

Other manifestations attributed to secondary HPT include psycho
neurologic disorders, muscle weakness (proximal myopathy), head
aches, weight loss, easy fatigability, decreased myocardial contractility, 
and anemia. Many of these complications can be prevented and often 
reversed by proper medical management (118,121). 

CLINICAL MANAGEMENT 

Management should first be directed at prevention by trying to maintain 
the serum calcium and phosphate levels within the normal range. If 
secondary HPT develops despite all preventive measures (and renal 
transplantation is not feasible for one reason or another), then parathy
roidectomy may be indicated. Approximately 5% of patients require 
parathyroidectomy and most can be expected to benefit from the proce
dure (121). 

NONSURGICAL 

Phosphate intake and absorption is restricted by a low-phosphate diet 
and the use of phosphate binders (usually antacids containing aluminum 
hydroxide, such as Alucaps or Basaljel). The dose is individually ad
justed to keep the serum phosphate levels normal. Hypophosphatemia 
must be avoided because it may result in osteomalacia and a potentially 
life-threatening myopathy. 

Once the serum phosphate level is maintained below 5 mg/dl, mea
sures can be taken to increase the serum calcium concentration with 
due care not to induce soft tissue calcification by exceeding the critical 
calcium-phosphate product. The active form of vitamin D, 1,25-dihy
droxyvitamin D3 , may be used to enhance calcium absorption from the 
gut. It should be prescribed in small amounts (0.5 JLg/day or less), how
ever, because of its great potency and potential for inducing a high 
calcium-phosphate product (115). In patients receiving dialysis, the 
best approach is to increase the calcium concentration in the dialysate 
(120). A dialysate calcium concentration of 3.1-3.8 mEq/liter is recom
mended: lower levels result in a negative calcium balance with os
teoporosis and progressive HPT, whereas higher levels cause meta
static calcification (121). 

SURGICAL 

Indications for Operation. The current indications for parathyroid sur
gery and secondary HPT are (118,121-124): 

1. Severe bone disease (bone pain, spontaneous fractures) not re
sponsive to medical therapy 

2. Severe pruritis 
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3. Extensive soft tissue calcification 
4. Other indications: calcium-phosphate product consistently 

greater than 70; persistent hypercalcemia; soft tissue necrosis 
and skin ulceration; psychoneurologic disorders. 

After parathyroidectomy there is usually early and dramatic relief of 
pruritis and bone pain. Reversal of the radiologic signs of bone disease 
is seen within 2-3 months of surgery in most cases; however, improve
ment does not always occur. Vascular calcifications do not resolve, 
although metastatic calcification in other soft tissues frequently disap
pears (118, 122-124). 

Operative Strategy. There are two current options for surgical treat
ment: subtotal parathyroidectomy, or total parathyroidectomy with het
erotopic parathyroid transplantation into the forearm musculature. The 
rationale for the latter approach is easier access to the transplanted 
parathyroid tissue in the event of recurrent disease. However, sympto
matic postoperative hypoparathyroidism is more of a problem after 
parathyroidectomy and autotransplantation, and a period of calcium 
and vitamin D supplementation is usually necessary for a variable pe
riod of time before the grafted tissue functions well enough to sustain 
the serum calcium level. A reasonable policy is to perform subtotal 
parathyroidectomy in those cases in which a well-vascularized, 50-mg 
remnant of parathyroid gland can be preserved in situ and subsequent 
renal transplantation is likely. If a remnant cannot be preserved with a 
good blood supply, or if future kidney transplantation is not feasible, 
then total parathyroidectomy with autotransplantation is a reasonable 
alternative. 

Some patients with chronic renal failure and longstanding secondary 
HPT go on to develop hypercalcemia with aggravation of their hy
perphosphatemia and are said to have "tertiary hyperparathyroidism". 
A similar situation may be encountered when hypercalcemia develops 
after otherwise successful renal transplantation. 

These patients were initially thought to have autonomous parathy
roid hyperfunction, and support for this view was provided by the occa
sional demonstration of a single parathyroid adenoma (although the 
usual pathologic finding in these cases is marked parathyroid hyperpla
sia). In fact, true autonomous PTH secretion does not occur in these 
cases because the parathyroid glands remain responsive to variations in 
serum calcium level (125). It appears that the combined activity of the 
excessive number of parathyroid cells encountered in these cases sim
ply resembles autonomy. 

Transplantation of many isologous normal parathyroid glands into the peritoneal 
cavity of a single rat uniformly results in hypercalcemia. Thus, even though indi
vidual parathyroid cells may be normally responsive to negative-feedback con-
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Operative 
Technique 

Fig. 1·19. 

trol from the plasma calcium, the mass of cells in the aggregate behaves in a 
manner resembling autonomy (126). The occasional occurrence of parathyroid 
adenomas in patients with chronic renal failure is not unexpected, given their 
known prevalence in the general population. 

Persistence of parathyroid hyperplasia following successful renal 
transplantation is associated with increased levels of serum PTH and 
hypercalcemia in as many as one-third of patients, and PTH levels often 
remain elevated for several years (125,127). Significant hypercalcemia 
(greater than 11.5 mg/dl) that persists for 6 months or more after renal 
transplantation and is not responsive to medical treatment (in this case, 
administration of oral phosphate supplements) should be treated 
by parathyroidectomy to circumvent kidney and skeletal damage 
(118,121,125,127). 

The initial steps in exposing the parathyroids are shown in Figures 1-19 
to 1-26. 

Surface anatomy. Midline structures of the neck are shown in relation to the 
conventional Kocher collar incision. 
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A 

B 

Position and drape. A. The table is tilted at 15° to the horizontal to diminish Fig. 1·20. 
bleeding. A small pillow is placed beneath the shoulders and the head rest is 
adjusted to provide optimal extension of the neck. B. The skin of the operative 
area is prepared in the usual manner and the neck is draped out with four tow-
els. The drape is completed with a thyroid sheet or with several plain sheets ap-
propriately arranged. 
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Fig. 1·21. Incision. The line of incision is imprinted on the skin by pressure with a fine 
thread. This follows a horizontal line, which is approximately two fingerbreadths 
above the sternal notch at midpoint. The skin and subcutaneous tissue are in
cised down to the platysma. 
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Bleeding from the skin edges is controlled by firm traction on both sides of the Fig. 1·22. 
incision, and the platysma is divided in the line of the incision to expose the un-
derlying deep investing fascia of the neck and anterior jugular veins. 
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A 

B 

Fig. 1·23. Elevation of the skin flaps. The upper edge of the incision is raised as a flap 
up to the notch of the thyroid cartilage using a combination of sharp (A) and 
then blunt (B) dissection. The plane of dissection is the areolar layer immedi
ately subjacent to the platysma. This plane is brought into sharp relief by firm 
upward traction of the skin and countertraction below on the midline tissues of 
the neck. The lower skin edge is freed in a similar manner to expose the supra
sternal notch. 
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A 

B 

Exposure of the thyroid gland. A self-retaining retractor spreads the inci- Fig. 1·24. 
sion. A. The investing fascia of the neck is incised in the midline, from the 
thyroid cartilage to the sternal notch. The sternohyoid muscles are now re-
tracted away from the midline to expose the underlying thyroid gland, which is 
partially overlapped by the membranous sternothyroid strap muscles. B. These 
muscles are freed from the thyroid by dissection of their medial areolar attach-
ments to the capsule of the gland. 
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Fig. 1·25. 

A 

B 
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Fig. 1·26. 

Mobilization of the thyroid for exposure of the parathyroids. A. The in- Fig. 1·25. 
dex finger is insinuated between the thyroid gland and the overlying strap mus-
cles on the left. A sweeping movement frees the thyroid lobe from its lateral are-
olar attachments. The maneuver is repeated on the right. B. The strap muscles 
are retracted laterally and the right lobe of the thyroid is dislocated forward and 
medially to bring the lateral aspect of the gland into view. The middle thyroid 
vein is divided between clips. The surgeon controls the exposure by retracting 
the thyroid with the left thumb over a gauze sponge. 

Division of the strap muscles: Alternative method of exposure. If the Fig. 1·26. 
exposure afforded by retraction of the strap muscles is not satisfactory, they 
may be clamped and divided on each side of the neck at the cricoid level 
(thereby saving their innervation), as shown. Usually, the authors prefer not to 
divide the straps. The traction and countertraction possible when the muscles 
are intact greatly facilitate dissection of the areolar planes of the neck. 
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Fig. 1·27. Adenoma of the right superior parathyroid. It has a smooth glistening cap
sule and is not adherent to the surrounding tissues, making it possible for the 
surgeon to shell it out with relative ease. 

CERVICAL EXPLORATION WITH REMOVAL OF A PARATHYROID 
ADENOMA 

"EASY" CASE 

On occasion an adenoma is seen as soon as the right lobe of the thyroid 
gland is reflected forward (Figs. 1-27 and 1-28). The adenoma is re
moved as shown in Figure 1-29. A biopsy may be used to confirm the 
identity of a normal-sized parathyroid (Fig. 1-30). 
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Adenoma of the left superior parathyroid. If an adenoma is not readily Fig. 1·28. 
seen or felt on the right side of the neck, attention is directed to the left before 
detailed dissection is contemplated. If the surgeon prefers to remain on the 
right side of the patient, the thyroid gland is retracted with the fingers of the left 
hand, as shown here (viewing the operative field from the patient's left). 
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B 

c 
Fig. 1.29. Removal of an adenoma. A and B. Sharp and blunt dissection are care

fully used to free the tumor from the surrounding tissues. C. The vascular pe
dicle is clamped and divided, and the adenoma is removed . 
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Biopsy of a normal parathyroid gland. Identification of parathyroid glands Fig. 1·30. 
should be confirmed by biopsy and histologic examination. An immediate frozen 
section examination is necessary if the surgeon is uncertain about the nature of 
the biopsied tissue. It is possible to mistake lobules of blood-stained fat, protu-
berant thyroid nodules, small lymph nodes, thymic remnants, and even the bulg-
ing hypopharyngeal muscle for parathyroid tissue. Here a biopsy is being taken 
from a normal parathyroid gland. The normal gland is small, usually weighs 
about 35-40 mg, and has a tonguelike shape. It is yellow-brown to tan in color 
and is often concealed by, or closely associated with, a halo of fat. Great care is 
taken not to disturb its fragile blood supply. The surrounding fat is held to 
steady the gland and the biopsy is taken from the antihilar tip of the gland. A 
pair of fine dissecting scissors is used and a small piece of tissue is removed 
with a single, deliberate snip. Characteristically, blood oozes from the entire cut 
surface of the remnant. 
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Fig. 1·31. 

Fig. 1·32. 

"ROUTINE" CASE 

In the usual cervical exploration for primary HPT the adenoma is not 
immediately evident, and it is necessary to carry out a methodical dis
section on both sides of the neck (Figs. 1-31 to 1-33). The recurrent 
laryngeal nerves are routinely exposed in these cases. Once seen, they 
are less likely to be damaged. The inferior thyroid artery is usually not 
ligated. 
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Fig. 1·33. 

Palpation of the recurrent laryngeal nerve. The nerve often can be pal- Fig. 1·31. 
pated before it is actually visualized. It is felt as a cordlike structure that can be 
gently "popped" against the lateral aspect of the trachea. 

Dissection technique. Dissection of fatty and areolar tissue surrounding the Fig. 1·32. 
recurrent laryngeal nerve must be careful and precise to avoid damage to the 
nerve and any unnecessary bleeding. This process is facilitated by "air dissec-
tion" of the tissues: traction on the thyroid with countertraction of the strap 
muscles sucks air into the connective tissue, or areolar planes, lateral and pos-
terior to the thyroid, thus throwing into sharp relief the vessels, nerve, and 
parathyroids. The teasing action of fine thumb forceps or a small pair of dissect-
ing scissors enables gentle and meticulous separation of tissue planes. 

Adenoma of the right inferior parathyroid. Its "classic" location is below Fig. 1·33. 
the point of intersection of the recurrent laryngeal nerve with the inferior thyroid 
artery, on the lateral or posterior aspect of the lower pole of the thyroid lobe. It 
has been uncovered by gently teasing off the fine, overlying areolar capsule. The 
anatomic relationships are clearly seen, and branching of the nerve is evident. 
The right superior parathyroid is normal in appearance and surrounded by a 
characteristic halo of fat. 
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Fig. 1·34. Adenoma of the left inferior parathyroid. An adenoma of the left inferior 
parathyroid has been found by dissecting the areolar tissue below and lateral to 
the inferior pole of the thyroid (view of the left side of the neck). 

"DIFFICULT" CASE 

If a parathyroid tumor is not found during the routine dissection of the 
neck, the missing gland or glands are sought systematically. As a gen
eral rule, adenomas arising in a superior gland tend to be displaced 
inferiorly along the tracheoesophageal groove into the posterior supe
rior mediastinum. Those originating in an inferior gland are often lo
cated at the root of the neck (Fig. 1-34) or in the anterior superior 
mediastinum, where they are intimately associated with the thymus 
gland (Fig. 1-35). Very rarely, they are found high in the neck (so-called 
undescended parathymus glands). 
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Adenoma of the right inferior parathyroid embedded in the thymus. Fig. 1·35. 
Cervical prolongations of the thymus gland are often seen in the root of the 
neck and. not uncommonly. an inferior parathyroid tumor is found-partially em-
bedded in the substance of the thymus. as depicted here. If the parathyroid tu-
mor is not visible in the root of the neck. that portion of the thymus can be re-
moved and sectioned grossly to look for intrathymic parathyroid tissue. 
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Fig. 1·36. Examination of the retropharyngeal area. A missing superior parathyroid 
gland may be found in the prevertebral space directly behind the esophagus 
and pharynx. Here the surgeon is carefully examining the retropharyngeal re
cess close to the upper pole of the thyroid. 

If a superior gland cannot be found in its usual location, the tra
cheoesophageal groove should be explored from the superior pole of the 
thyroid down into the posterior superior mediastinum, with all fatty and 
areolar tissue being removed for careful study (Fig. 1-36). The dissec
tion is extended as far as possible under direct vision; care is taken to 
avoid injury to the recurrent laryngeal nerve. 

Although 10% to 20% of all parathyroid adenomas are found in the 
mediastinum, almost all can be removed via a cervical approach. A 
formal exploration of the mediastinum through a median sternotomy 
incision is necessary in less than 1-2% of all cases of primary HPT. It is 
said that adenomas displaced into the chest often have a prominent 
vascular pedicle derived from the inferior thyroid artery and that this 
pedicle guides the surgeon to the tumor. However, the authors have not 
found this information to be of much practical value. The carotid sheath 
is opened on the side of the missing gland if other efforts have failed to 
disclose a tumor. 



A 

B 

OPERATIVE TECHNIQUE 55 

Thyroid lobectomy. A. The thyroid lobe on the side of the missing gland is 
removed; the recurrent laryngeal nerve is preserved. B. The resected specimen 
has been sectioned to reveal a small parathyroid tumor in the substance of the 
gland. 

Finally, if no adenoma has been found, subtotal thyroid lobectomy 
should be performed on the side of the missing parathyroid (Fig. 1-37). 
It is a rare situation, but the thyroid gland may harbor a parathyroid 
adenoma; usually, such tumors are not palpable in the substance of the 
gland. 

Fig. 1·37. 
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Fig. 1·38. Closure of cervical exploration. If the strap muscles were divided, they are 
reapproximated with interrupted catgut mattress sutures. 

If the above steps have been systematically followed but no ade
noma has been found, then all identified parathyroid glands are biopsied 
and marked with silk sutures before the exploration is terminated. Un
der these circumstances, the tumor is most likely situated in the medias
tinum and is inaccessible via the cervical approach. A second operation 
is indicated, but only after the diagnosis of primary HPT has been 
reconfirmed and special localization studies carried out. 
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The midline cervical fascia is approximated with interrupted catgut sutures. The Fig. 1·39. 
platysma and subcutaneous tissue layers are closed with interrupted catgut. 

CLOSURE 

The tissues of the neck are irrigated with saline and residual bleeding 
points are ligated (Figs. 1-38 through 1-41). 
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Fig. 1·40. 

Fig. 1·41. 

Fig. 1·40. The skin is sutured with a running subcuticular stitch of fine absorbable 
material. 

Fig. 1·41. A loose dressing is applied. 
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B 

Subtotal parathyroidectomy. A. A portion of the left inferior parathyroid is Fig. 1·42. 
being removed to prepare a small viable remnant. The technique is similar to 
that of biopsying normal parathyroid gland (see Fig. 1-30). B. Several small 
metal clips are used to control bleeding from the remnant; they also will facili-
tate its identification should a subsequent operation be required. 

SUBTOTAL PARATHYROIDECTOMY FOR HYPERPLASIA 

Subtotal parathyroidectomy involves removing three glands and often a 
portion of the fourth in order to leave a viable remnant (Fig. 1-42), 
which is the approximate size of a normal gland (30-50 mg). A well
vascularized remnant should be secured before anyone of the glands is 
removed completely. Thus the surgeon will have four opportunities 
instead of one to obtain a viable functioning remnant. 
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PARATHYROIDECTOMY FOR CARCINOMA 

Parathyroid carcinoma is a very rare entity, accounting for less than 1 % 
of all cases of HPT. The tumor grows slowly and spreads by local 
invasion, becoming fixed to neighboring tissues. Often the first indica
tions that one is dealing with a parathyroid carcinoma rather than an 
adenoma are the firmness of the tumor and the unusual difficulty en
countered in separating it from surrounding tissues (Fig. 1-43). Regional 
lymph node involvement is unusual, and the need for radical neck dis
section is uncommon. Spread via the blood stream does occur, with 
a predilection for the lungs and liver, but this is usually a late mani
festation. 

When the lesion is removed the tumor capsule must not be dis
rupted, otherwise local implantation of viable malignant cells will result 
in tumor recurrence. If the tumor recurs locally within 2 years after the 
initial operation, the prognosis is very poor. However, since some of 
these tumors grow fairly slowly, repeated resection is worthwhile. Like
wise, resection of functional metastases may be beneficial. 

The overall 5-year survival for parathyroid carcinoma is approxi
mately 35% (30). Patients usually die from the complications of uncon
trolled hypercalcemia. 

Fig. 1·43. Resection of parathyroid carcinoma. The adhesive reaction surrounding a 
parathyroid cancer involves the recurrent laryngeal nerve in this instance. Treat
ment of this particular lesion, therefore, will involve excision of the tumor along 
with the ipsilateral thyroid lobe and a segment of the recurrent nerve enbloc. 
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MEDIASTINAL EXPLORATION FOR PARATHYROID TUMOR 

Patients with HPT that persists or recurs after exploration of the neck 
should undergo studies to localize the hyperfunctioning parathyroid tis
sue before further surgery is undertaken (see section, Preoperative Lo
calization Studies). If the localizing studies define a mediastinal lesion, 
formal exploration of the mediastinum via a sternum-splitting incision is 
indicated (Figs. 1-44 to 1-48). This is an uncommon surgical procedure; 
in 98%-99% of cases, the lesion or lesions causing HPT can be removed 
via a cervical incision. 

A 

Mediastinal Exploration Incision. A. With the patient supine, a midline in- Fig. 1·44. 
cision is made either part way or entirely from the suprasternal notch to the xi-
phoid. B. The electrocautery is used to carry the incision down to the perios-
teum. 
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Fig. 1·44. 

B 

If prompt re-exploration is not possible, there is probably some 
advantage to be gained by delaying the operation 2-3 months so as to 
allow tissue reaction from the prior cervical and upper mediastinal dis
section to resolve. When the hyperparathyroid state is severe, however, 
reoperation should be undertaken as soon as localization studies have 
been completed. 

If no tumor is found, the thymus gland is routinely extirpated along 
with the fatty, areolar, and lymph node tissue surrounding the great 
vessels of the superior mediastinum. All of this material is submitted to 
careful examination by thin section. Finally, it may be necessary to 
open the pericardial sac and pleural spaces to complete the search for a 
hidden tumor. 

A postoperative chest x-ray film is taken to rule out a pneu
mothorax. 
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Splitting the sternum. A. The dense fascia immediately above and behind 
the suprasternal notch is spread apart to open up a space between the sternum 
and underlying great vessels. B. An oscillating electric saw is used to divide 
the entire sternum in the midline. Bleeding is controlled by electrocoagulation 
of the periosteal vessels and impregnation of the marrow with bone wax. 

A 

B 

Fig. 1·45. 
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Fig. 1.46. 

Fig. 1·47. 
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Fig. 1·48. 

Exposure of the mediastinum. A self-retaining retractor is used to spread Fig. 1·46. 
the divided sternum. The parietal pleura is freed and pushed away on both sides 
to fully expose the contents of the superior mediastinum. 

Removal of the left lobe of thymus containing a parathyroid tumor. In Fig. 1·47. 
this particular case, the parathyroid adenoma was visible immediately upon en-
tering the chest. It was partially embedded in the left lobe of the thymus gland. 
Here, that portion of the thymus containing the parathyroid tumor is being am-
putated. 

Closure. The sternum is reapproximated by means of multiple wire sutures in- Fig. 1·48. 
serted through the bone with an awl. The wires are twisted and the exposed tips 
are buried. Although not shown, a suction catheter is left retrosternally and 
brought out through the skin to one side of the xiphoid. Fascia and subcutane-
ous tissues are closed with interrupted sutures and the skin is closed with a 
running subcuticular stitch. 
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Surgery of the Thyroid 

In the early half of this century, thyroidectomy was used to treat practi
cally all diseases of the thyroid except deficiency states. Today, how
ever, it is limited principally to the management of solitary nodules and 
cancer of the thyroid. Other, less frequent indications for thyroidec
tomy include the control of hyperthyroidism in patients with hyperfunc
tioning adenomatous goiter and selected patients with Graves' disease, 
and the alleviation of symptoms due to thoracic inlet compression by 
large, nodular goiters. Classic endemic colloid goiter has virtually been 
eliminated by the supplementation of foodstuffs with iodides, and effec
tive nonoperative therapies have been developed for Graves' disease, 
thyroidit.is, and many cases of nontoxic adenomatous goiter. 

The antithyroid drugs, introduced by Astwood in 1943 (1), posed the 
first serious challenge to operative treatment of hyperthyroidism. Ra
dioiodine became available 3 years later and gained immediate popular
ity. In the ensuing years, radioiodine has almost totally supplanted thy
roidectomy as the treatment of choice for Graves' disease in the United 
States. Greer and Astwood (2) were responsible for promoting the medi
cal treatment of nontoxic goiter with thyroid hormone. 

With a decrease in the total number of goiters and in the number of 
patients with thyroid disease coming to surgery, there has been less and 
less opportunity for surgical residents to become proficient in removing 
the thyroid gland. Black (3) has been prompted to write that "the quality 
of surgery of the thyroid will undoubtedly decline in time, if it has not 
done so already, making nonsurgical methods of treatment comparably 
even more attractive." Nonetheless, surgeons should be thoroughly 
familiar with the operative technique. According to the American Can
cer Society, there are more than 9000 new cases of thyroid cancer in the 
United States each year and surgery remains the first and, in some 
cases, the only therapy for this condition. Until recently, thyroidectomy 
was the only definitive way to exclude malignancy in a thyroid nodule; 
however, it is to be hoped that the increasing use of fine-needle aspira
tion cytology in the diagnostic evaluation of thyroid nodules will help 
limit the number of operations on benign lesions in the future. 

General 
Introduction 

71 
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SURGICAL ANATOMY 

ORIENTATION 

The thyroid gland has a bipartite origin from the primitive pharynx and 
the neural crest (Fig. 2-1). The normal adult thyroid weighs about 15 g 
and is composed of two lateral lobes, a midline isthmus, and, in about 
30% of patients, a pyramidal lobe that extends upward for a variable 
distance from the left side of the isthmus. The gland is wrapped around 
the anterolateral portions of the trachea and larynx, each lobe occupy
ing a bed between the trachea and esophagus medially and the carotid 
sheath and sternocleidomastoid muscle laterally. 

A delicate, adherent connective tissue capsule (the true capsule) 
invests the gland and sends septa into its substance, breaking it up into a 
number of anatomic lobes and lobules. A richly anastomosing network 
of vessels courses in the true capsule of the thyroid and it is this unique 
arrangement of the vessels that allows easy clamping and control of 
bleeding during subtotal thyroidectomy. 

Each lobe is composed of many tightly packed macroscopic discs or lobules, and 
each lobule, in turn, is made up of clusters of 20-40 follicles bound together by 
a fine connective tissue sheath. The lobule, serviced by its own individual artery 
and vein, constitutes the basic structural and functional unit of the thyroid gland. 

On histologic section, the follicles vary widely in size (30-500 M-m in diame
ter) because they are cut in different planes (Fig. 2-2). They are lined with cuboi
dal epithelial cells and are filled with colloidal material (thyroglobulin), which is 
the storage form of thyroid hormone. The parafollicular or C cells are difficult to 
identify in the usual hematoxylin and eosin sections of normal human thyroid 
but may be demonstrated with the use of special immunocytochemical tech
niques. 

Also surrounding the gland is a covering of pretracheal fascia known as 
the surgical capsule. Anteriorly and laterally, this sheath is thin, trans
parent, and easy to separate; medially and posteriorly, however, it con
denses to attach the lobes of the thyroid firmly to the cricoid cartilage 
and the upper two tracheal rings. This is the so-called adherent zone of 
the surgical capsule, or suspensory ligament of Berry. 

Thyroid physiology and metabolism. The thyroid follicle produces two physiolog
ically active hormones: thyroxine (T4) and 3,5,3' -triiodothyronine (T3). Since T3 
is four times more metabolically active than T4 on a milligram-to-milligram ba
sis, and because T3 is the principal intracellular form of thyroid hormone, it is 
now generally agreed that T4 is a prohormone and T3 is the active hormone. 

The hormone calcitonin is secreted by the parafollicular or C cells of the thy
roid. Its putative physiologic functions relate to plasma calcium homeostasis; 
however, thyroidectomized persons with no detectable calcitonin in the blood do 
not appear to have any significant disturbance of calcium metabolism. 

Iodide is extracted from the blood, oxidized, and coupled intramolecularly 
with tyrosine radicals to form thyroglobulin. Thyroglobulin, which is a mixture 
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Development of the thyroid. The main body of the thyroid gland is derived Fig. 2·1. 
from the endoderm of the primitive foregut. It descends in the midline of the 
neck from the pharyngeal floor and develops as a bilateral encapsulated struc-
ture. The foramen cecum of the tongue, lingual, and other midline thyroid ecto-
pia, thyroglossal duct cysts, and the pyramidal lobe are all part of this embryo-
logic ontogeny. The parafollicular or "C" (for calcitonin-producing) cells found 
scattered throughout the thyroid gland are derived from the neural crest. These 
cells migrate from the neural crest to the ultimobranchial bodies of the 4th and 
5th branchial pouches and eventually populate the thyroid by way of its lateral 
anlagen (4). These cells belong to a larger system of cells comprising what is 
known as the APUD system (so named because most of these cells share the 
capacity for amine precursor uptake and decarboxylation) or neuroendocrine 
series (5,6). They are all believed to come from the neural ectoderm or neuroen
docrine-programed ectoblast of the developing embryo. Together they make up 
the central and peripheral components of the neuroendocrine system (see sec-
tion in Chapter 1, Common Denominators in Endocrine Neoplasia). 

Histologic specimen of normal thyroid. The normal thyroid follicle consists Fig. 2·2. 
of a single layer of cuboidal epithelial cells resting on a basement membrane 
and surrounding a central colloid mass. 
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Fig. 2·3. Thyroid physiology and metabolism. Through the action of TRH from the 
hypothalamus, TSH is released from the anterior pituitary. TSH stimulates all 
processes leading to the synthesis and release of thyroid hormone. Following 
extraction from the blood, iodide is oxidized and coupled with tyrosine to form 
thyroglobulin. Release of T3 and T4 into the bloodstream occurs by reverse 
pinocytosis. These hormones cause a negative feedback on TSH, a "servo" con
trol mechanism which is characteristic of endocrine systems. 

of iodotyrosines. T3. and T4, is stored as colloid in the lumen of the follicle. Re
lease of active hormones into the circulation involves reverse pinocytosis of in
trafollicular colloid and intracellular proteolysis (Fig. 2-3). 

In plasma, T3 and T4 are bound to globulin and albumin. T4 undergoes 
monodeiodination to form the more active T3 in the periphery (principally in the 
liver and kidney); more recently, an alternative de-iodinative pathway has been 
described for the metabolism of T4 to form a number of apparently biologically 
inactive products. such as 3.3' .5 '-triiodothyronine (reverse T3; rT3). This alter
native pathway , which permits shunting of T4 metabolism away from active T3 , 
toward inactive rT3, may be important in certain adaptive responses to starva
tion and nonthyroidal illness. T3 has widespread effects on cellular metabolism. 
oxygen consumption, heat production, and growth and development. The evi
dence suggests that these effects are mediated by stimulation of gene transcrip
tion of the nucleus and by interaction with the mitochondria of target cells (7). 

Thyroid-stimulating hormone (TSH) stimulates all processes leading to the 
synthesis and release of thyroid hormone. It also increases the cellularity and 
vascularity of the thyroid gland. The secretion of TSH is regulated. in turn, by 
the concentration of unbound thyroid hormones in the blood via a negative-feed
back or "servo" control mechanism exerted mainly at the level of the pituitary 
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(Fig. 2-3). It is thought that the hypothalamus simply determines the set-point of 
the feedback threshold, presumably through the secretion of thyrotropin-releas
ing hormone (TRH). 

The concentration of intrathyroidal iodide exerts an important autoregulatory 
control over thyroid function. The size of the organic iodide pool inversely influ
ences the iodide transport mechanism (iodide trap) and the thyroid's response to 
TSH. High concentrations of iodide decrease the rate at which active hormone 
is formed and released into the bloodstream (the Wolff-Chaikoff effect). This 
mechanism forms the basis for the preoperative use of Lugol's iodine or SSKI to 
rapidly control thyrotoxicity and cause involution of the gland in patients with 
Graves' disease. It should be noted, however, that the effect is usually transient 
and "escape" from the iodine effect eventually occurs after several weeks. 

BLOOD SUPPLY 

Arterial Supply. The thyroid gland is supplied by two arteries-the 
superior and inferior thyroid arteries (Fig. 2-4)-and sometimes an ad
ditional midline artery, the thyroidea ima, derived most commonly from 
the innominate artery. The superior thyroid artery is the first branch of 
the external carotid. It arises a little above the thyroid cartilage and runs 
downward on the inferior constrictor of the pharynx, alongside the 
superior laryngeal nerve and deep to the sternothyroid muscle, to enter 
the thyroid at its upper pole. Terminal branches anastomose within the 
gland with those of the ipsilateral thyroid artery and the superior thyroid 

Fig. 2·4. 
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artery of the opposite side. The inferior thyroid artery is a branch of the 
thyrocervical trunk. It runs upward and then loops medially and down
ward behind the carotid sheath and in front of the longissimus cervicis 
muscle and sympathetic trunk to reach the gland. The recurrent laryn
geal nerve crosses deep to it in approximately 70% of cases; in the 
remainder it is either superficial to the artery or branches around it. 

The parathyroid glands receive their principal blood supply from the inferior thy
roid artery on each side. It is a matter of clinical experience, however, that bi
lateral ligation of the inferior thyroid arteries, or for that matter, all four thyroid 
arteries, is rarely followed by tetany. The explanation lies in the abundant collat
eral anastomoses between the thyroid arteries and the vessels supplying the tra
chea and esophagus (8). 

The thyroidea ima artery runs upward on the trachea from the aortic 
arch or innominate trunk to the inferior border of the thyroid gland. It is 
not always present and it varies in size from a small arteriole to a vessel 
rarely as large as the inferior thyroid artery, which it sometimes re
places. 

Venous Drainage. Large, thin-walled veins anastomose freely in the 
capsule of the thyroid gland to form a characteristic surface network. 
Their tributaries, which drain the substance of the gland, are of small 
caliber. Therefore, provided the capsular vessels are clamped, partial 
excision of the thyroid is usually a relatively bloodless procedure. The 
capsular plexus is drained by the superior thyroid veins above (either 
directly or indirectly into the internal jugUlar vein), by the middle thy
roid vein from the midportion of the gland (directly into the internal 
jugular vein), and by the inferior thyroid veins from the lower pole (into 
the innominate vein or internal jugular). 

LYMPHATIC DRAINAGE 

Dye injected into the isthmus of the thyroid drains down into the me
diastinal nodes and upward into the prelaryngeal (or so-called Delphian) 
nodes immediately above the isthmus. Dye injected into the central or 
lower parts of the lateral lobes drains into the tracheoesophageal lymph 
nodes which lie behind the thyroid and along the course of the recurrent 
laryngeal nerves. Only when dye is injected into the superior pole of the 
thyroid does it appear to drain directly into the nodes of the lateral neck 
along the lymphatics of the superior thyroid vessels (9). 

It would appear from these observations that the nodes of the lateral 
cervical region (jugular chain, posterior triangle) are not primary but 
secondary zones of lymphatic drainage for the thyroid (Fig. 2-5). Thus, 
in thyroid cancer, it is the nodes of the middle, or visceral, compartment 
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Lymphatic drainage of the thyroid. The primary zone of lymphatic drainage Fig. 2·5. 
is to the midline pretracheal, prelaryngeal (Delphian). tracheoesophageal, and 
superior mediastinal nodes. The nodes of the lateral neck (internal jugular, pos-
terior triangle) constitute a zone of secondary drainage. 

of the neck that are usually the first site of metastasis; the nodes of the 
lateral neck become involved with tumor spread later in the course of 
the disease. 

IMPORTANT RELATIONS 

The relationships to the thyroid of the recurrent and superior laryngeal 
nerves, the cervical sympathetic trunk, and the parathyroid glands are 
of great importance in thyroidectomy. 

The recurrent laryngeal nerve ascends on each side either in the 
tracheoesophageal sulcus or just lateral to it, to reach the junction of the 
lower and middle thirds of the thyroid gland. Here, the nerve assumes a 
variable relationship with the inferior thyroid artery, frequently dividing 
into several branches before it courses through the adherent zone of the 
surgical. capsule. It finally enters the larynx deep to the cricopharyngeus 
muscle and posterior to the cricothyroid articulation and the inferior 
hom of the thyroid cartilage (see Fig. 2-31). In about 10% of patients, 
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the nerve may actually traverse the thyroid gland itself before entering 
the larynx. In such cases it is easy to see how retraction on the thyroid 
lobe in the course of thyroidectomy could tent the nerve up, making it 
vulnerable to injury (Fig. 2-6). The recurrent laryngeal nerves on each 
side supply the intrinsic muscles of the larynx. Trauma to the nerve 
causes paralysis of the ipsilateral vocal cord (see the section Prevention 
and Management of Complications of Thyroidectomy). 

The external branch of the superior laryngeal nerve lies right along
side the superior thyroid artery, above the upper pole of the thyroid. On 
occasion, branches of the nerve may be intertwined with those of the 
artery. Thus, the nerve can be easily injured in a careless attempt to 
secure the superior thyroid vascular pedicle (Fig. 2-6). It is necessary to 
dissect the nerve away from the superior thyroid vessels prior to their 
ligation, by opening up the potential areolar space between the upper 
lobe vessels and the cricothyroid muscle. The external laryngeal nerve 
supplies the cricothyroid muscle, which is a tensor of the vocal cord. 
Injury to the nerve may produce subtle changes in voice quality (see the 
section Prevention and Management of Complications of Thyroidec
tomy). 

The cervical sympathetic chain lies in close proximity to the inferior 
thyroid artery where the latter arches medially toward the thyroid 
gland. It is therefore vulnerable if one attempts to dissect out and ligate 
the inferior thyroid artery too far laterally (Fig. 2-6). The resulting mio
sis and ptosis usually persist for long periods and are often permanent. 
For some unknown reason, cutaneous vascular dilatation, which is usu
ally part of Horner's syndrome, is absent or transient in these patients 
(10). 

The parathyroid glands are situated in close relationship to the pos
terior and lateral aspects of the thyroid. Their detailed anatomy is dis
cussed in Chapter I (see Fig. I-I). The parathyroids may be injured, 
devascularized, or inadvertently removed during thyroidectomy. Every 
effort should be made to preserve these glands and to keep their blood 
supply intact. In those few instances in which a parathyroid gland is 
devascularized in the course of thyroidectomy, it should be diced up 
into 1-2 mm pieces and transplanted into separate pockets in the sterno
cleidomastoid muscle. Such autotransplanted tissue can be expected to 
survive and function (see Chapter I section, Strategy and Technique of 
Reoperative Parathyroid Surgery for Persistent or Recurrent HPT). 
With due caution and meticulous technique in preserving the parathy
roid blood supply, and with resort to parathyroid autotransplantation 
when necessary, the incidence of permanent hypoparathyroidism after 
subtotal thyroidectomy should be almost zero, and after total thyroidec
tomy, less than I % (see the section Prevention and Management of 
Complications of Thyroidectomy). 
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Sites of possible nerve injury in thyroidectomy. 1: External laryngeal 
nerve during ligation of the superior thyroid vascular pedicle. 2: Recurrent la
ryngeal nerve as it traverses the ligament of Berry during lobectomy. 3: Recur
rent laryngeal nerve during ligation of the inferior thyroid artery. 4: Recurrent la
ryngeal nerve during ligation of the inferior thyroid veins. Note that in a small 
proportion of cases the nerve may be sufficiently anterolateral to the trachea 
such that it could be caught up and injured during ligation of the veins. 5: Non
recurrent nerve during ligation of the inferior thyroid artery. A nonrecurrent 
nerve may be mistaken for the inferior thyroid artery and ligated because it 
takes a parallel horizontal course from the cervical vagus to the larynx. Fortu
nately, this anatomic variant is rare (about 1 in 400 cases), and with routine ex
posure of the nerve prior to ligation of the artery, injury to the nerve should be 
avoided. 6: Cervical sympathetic trunk during ligation of the inferior thyroid 
artery. 

The principal indication for thyroidectomy today is to rule out malig
nancy in a discrete or dominant thyroid nodule. Other goiters may be 
removed for cosmetic reasons or because they have enlarged suffi
ciently to cause symptoms due to compression of the trachea, esopha
gus, or major vessels at the thoracic inlet, or because they are causing 
hyperthyroidism. 

PATHOLOGY 

Thyroid nodules are palpable in approximately 5% of the U.S. popula
tion, with regional variation from 2% to 10% (l 1-13). The vast majority 
are dominant "colloid" or "macrofollicular" adenomatous goiters (Fig. 
2-7), some are cases of focal thyroiditis (Fig. 2-8), and others are true 
benign neoplasms or adenomas (Fig. 2-9). Comparatively few (probably 
less than 5%) (21) are carcinomas. Indiscriminate removal of thyroid 
nodules is therefore clearly unwarranted. 

Adenomatous Goiter. This condition (Fig. 2-7) is believed to be the end product 
of repeated episodes of focal hyperplasia and involution caused by intermittent 
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Fig. 2·7. Adenomatous goiter. A. Gross specimen. The cut surface of an adenoma
tous goiter presents a spectrum of pathologic findings: localized colloid nod
ules, areas of scarring, cystic degeneration, calcification, and hemorrhage. 
Bleeding into a cyst may produce a sudden increase in the size of the goiter, 
accompanied by pain and symptoms of thoracic inlet compression. B. Histo
logic specimen. Typical array of micro- and macrofollicles lined with flattened 
follicular epithelium. 

TSH secretion as a compensatory response to impaired thyroid hormone synthe
sis. Iodine deficiency, dietary goitrogens, autoimmune disease, and inherent bio
synthetic defects within the thyroid have all been implicated. 

Hashimoto's Thyroiditis (Fig. 2-8A). This is an autoimmune disorder closely re
lated to Graves' disease. Detection of thyroid autoantibodies in the serum and 
needle biopsy are the most useful diagnostic tests available to the physician. 
About 25% of patients are hypothyroid when first seen, although transient hyper
thyroidism, associated with blocked radioiodine uptake, can also occur (see the 
section Hashitoxicosis). The condition usually presents in women of middle age, 
as a moderately enlarged and rubbery firm gland with a bosselated rather than a 
truly nodular surface. On rare occasions, the disease is focal and may simulate 
thyroid carcinoma. Sometimes, progressive enlargement of the gland may occur 
despite treatment with thyroid hormone, leading one to suspect underlying lym
phoma. In either case operation may be indicated. If thyroidectomy is per
formed, thyroid hormone should be given postoperatively and continued indefi
nitely (15). 

Granulomatous (De Quervain's) Thyroiditis. This is a self-limited thyroiditis 
(Fig. 2-88) , probably caused by an echovirus or enterovirus (16), which presents 
after a mild flu prodrome, with fever, malaise, and a diffusely enlarged, painful, 
and tender thyroid. The atypical case may present with focal disease, which is 
limited to one lobe, and pain and tenderness may be completely absent. Thyroid
ectomy is advised in such instances to rule out malignancy (15,[7). Occasionally, 
granulomatous thyroiditis causes transient hyperthyroidism associated with 
blocked uptake of radioiodine (see the section Graves' Disease). 

Riedel's Thyroiditis. This is an exceedingly rare and peculiar type of chronic fi
brosing inflammation of the thyroid (Fig. 2-8C) indistinguishable clinically from 
cancer (18). In approximately one-third of cases there is associated retroperito
neal or mediastinal fibrosis (19). The gland is typically very hard, fixed, and usu-
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Histologic specimens of thyroiditis. A. Hashimoto's thyroiditis. Lympho
cytic and plasma cell infiltration are seen with oxyphilic epithelium, epithelial 
destruction, and fibrosis (14). B. Granulomatous (De Quervain's) thyroiditis. 
The granulomatous focus of inflammation with foreign body giant cells enclos
ing fragments of colloid is typical. C. Riedel's thyroiditis. There is almost com
plete destruction of thyroid parenchyma and replacement with fibrotic reaction . 
(Used with permission from Woolner LB, McConahey WM, Beahrs OH: Stroma 
Iymphomatosa (Hashimoto's thyroiditis) and related thyroidal disorders. J Clin 
Endocrinol 19:57-81, 1959.) 

Thyroid adenoma. A. Gross specimen of a true follicular adenoma. B. His
tologic specimen of typical microfollicular adenoma. 

Fig. 2·8. 

B 

Fig. 2·9. 
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ally nontender. Obstructive symptoms may be present and up to one-half of the 
patients are hypothyroid when first seen. All patients require surgical explora
tion to rule out carcinoma and to free the trachea from the constricting mass of 
fibrous tissue. The surgical procedure consists essentially of wedge resection of 
the isthmus and inner aspects of both lobes. Interestingly, the process appears to 
be self-limited and, in the authors' experience, freeing the trachea has proved a 
satisfactory guarantee against subsequent development of airway obstruction (15). 

Thyroid Adenoma. The term "adenoma" has been loosely applied to focal en
capsulated areas of hyperplasia occurring within an adenomatous goiter. We pre
fer to describe these lesions as adenomatous, colloid, or follicular nodules, re
serving the term "adenoma" to describe benign, encapsulated cellular neoplasms 
loosely surrounded by otherwise normal thyroid tissue (20) (Fig. 2-9). They are 
classified as follows: 

I. Embryonal: composed of cords and strands of cells forming acini. 
2. Fetal: composed of small acini with abundant interacinar, loose, ground 

substance. 
3. Follicular: showing mature acinar development and usually comprising a 

mixture of microfollicles and compact cellular aggregates. 
4. Htirthle cell: another variant composed of large, pale acidophilic cells ar

ranged in a trabecular pattern. 

DIAGNOSIS 

CLINICAL FEATURES: EVALUATION OF THYROID NODULES FOR 
MALIGNANCY 

A selective approach to the management of thyroid nodules involves an 
assessment of known clinical risk factors, the physical characteristics of 
the goiter, and certain laboratory studies. 

Clinical Risk Factors 
1. Age. The risk of carcinoma in a dominant thyroid nodule in a 

child under 14 years of age is approximately 50% (22). The risk in an 
adult is probably less than 10% overall, with a slightly greater risk after 
age 60 years. 

2. Sex. Thyroid nodules in men are more likely to harbor malig
nancy than those in women. 

3. Growth Pattern. A nodule that has appeared recently or one that 
has undergone progressive enlargement over several months is suspi
cious for cancer. However, sudden enlargement of a preexisting nodule, 
especially if it is associated with pain, is almost invariably due to hemor
rhage into a colloid nodule or benign adenoma. Pain is an uncommon 
symptom of thyroid cancer. 

4. Irradiation. A history of prior therapeutic irradiation of the head 
and neck should be sought. External irradiation of the head, neck, or 
upper thorax was used commonly from the early 1920s to the late 1950s 
to treat a variety of benign conditions (such as cervical lymphadenop
athy, thymic enlargement, enlarged tonsils or adenoids, acne, heman-
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gioma, or keloids). It is now clearly recognized that such exposure, 
particularly during childhood, results in an increased incidence of vari
ous head and neck tumors-including thyroid neoplasia (23), parathy
roid adenomas (24), and salivary gland and neurogenic tumors (25,26). 
The risk of developing thyroid cancer is proportional to the dose of 
external radiation, but induction of cancer may occur with as little as 7 
rads exposure to the thyroid (27). In the absence of any palpable abnor
mality in the thyroid the risk of cancer is no higher than 7% and is more 
likely to be in the range of 1 % or less (28). The reported risk of thyroid 
cancer in patients who have palpable thyroid nodules and a history of 
therapeutic irradiation of the head and neck varies from less than 20% to 
50% (23,28,29). The latency period for the development of clinically 
apparent thyroid cancer following external irradiation may be as long as 
25 years (29,30). 

5. Family History. A family history of thyroid cancer (indeed of any 
endocrine tumor) must be explored in detail. Medullary thyroid carci
noma (MTC), which accounts for approximately 5% of all thyroid can
cers, is familial in 40% of cases; it is transmitted as an autosomal domi
nant trait. Familial MTC may occur in association with bilateral 
pheochromocytomas and/or hyperparathyroidism, i.e., mUltiple endo
crine neoplasia type 2 syndrome (MEN-II). Thus, a positive family 
history has twofold significance: (a) the patient may have associated but 
as yet undetected endocrine disease as part of MEN-II, and (b) other 
members of the family may be harboring similar, potentially lethal endo
crine tumors. 

Physical Characteristics of the Goiter. (See Fig. 2-10 for physical 
examination of the thyroid gland.) 

1. Single versus multiple. A dominant or clinically "solitary" nod
ule is considered much more likely to be cancerous (about 18%-35%) 
than a multinodular gland (about 5%) (3,31). As implied, most nodules 
described as solitary on clinical examination are found at operation to 
be simply the largest nodule in an otherwise multinodular adenomatous 
goiter. 

2. Consistency. If the nodule is firm to hard in consistency, cancer 
is more likely than if the tumor is soft and cystic. However, this crite
rion is not entirely reliable because some papillary cancers are cystic, 
and follicular carcinomas can be relatively soft. A rock-hard nodule 
usually results from extensive calcification in a degenerative colloid 
nodule. 

3. Fixation. A lesion that is fixed to surrounding anatomic struc
tures is more suspect as cancerous than a freely mobile one. 

4. Lymph Nodes. Associated palpable cervical lymphadenopathy 
points strongly to cancer. 

5. Recurrent Nerve Paralysis. In the absence of a previous history 
of neck surgery, a fixed vocal cord in the presence of a thyroid mass is 
virtually pathognomic of malignancy. 
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Fig. 2·10. Examination of the thyroid gland. The patient stands and faces the exam
iner. Enlargement or irregularity of the thyroid is often apparent immediately on 
inspection. Operative scars and trophic skin changes resulting from prior irradi
ation therapy are noted. The gland is depressed on one side of the trachea to 
displace the opposite lobe forward, where it can be grasped and palpated be
tween the thumb and fingers. As the patient swallows and the gland moves up 
and down, nodules, areas of thickening, or fixity of the gland are appreciated 
quite readily. Substernal extension of the thyroid is suggested when the exam
iner is unable to palpate the inferior pole. The areas immediately above and be
low the isthmus and lateral cervical regions are felt for enlarged lymph nodes. 

LABORATORY STUDIES 

A large number of laboratory tests are available for studying thyroid 
morphology and function. However, the only tests of specific diagnostic 
value in the detection of thyroid malignancy are needle biopsy and the 
serum calcitonin level (for MTC). 

There are serious limitations to conventional thyroid function tests and imaging 
studies in the evaluation of solitary thyroid nodules. 

Thyroid Function Tests (see Laboratory Studies in the section, Graves' Disease). 
Biochemical blood tests, including thyroid hormone levels and thyroid antibody 
titers, are of limited value in the differential diagnosis of solitary nodules be
cause malignancy may coexist with chronic thyroiditis and Graves' disease. Ini
tially, it was thought that the serum thyroglobulin concentration might serve as a 
tumor marker for thyroid malignancy; however, thyroglobulin levels have also 
been shown to be elevated in a number of benign thyroid conditions (32). 

Thyroid Imaging Tests. Thyroid scanning can be done with isotopes of iodine, 
which are trapped and organified by the thyroid parenchyma; technetium-99m 
pertechnetate (99mTc) is the other commonly used scanning agent, which is 
trapped but not organified by the thyroid. In general, 99mTc or IBI are used in the 
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egmyc scan of the thyroid. A "cold" nodule is demonstrated in the right lobe 
of the thyroid. Such scans are of little diagnostic value in discriminating be
tween benign and malignant thyroid nodules. 

evaluation of thyroid nodules because both deliver much less radiation to the 
thyroid than 1311. If a gamma camera is used with a pinhole collimator, then nod
ules measuring 8 mm and even less in diameter can be detected. 131 1 is still used 
for the detection of metastatic thyroid cancer after thyroidectomy, in cases of 
suspected ectopic thyroid tissue (struma ovarii, lingual thyroid), and in cases of 
retrosternal goiter (because there is less background radioactivity and less atten
uation of the emitted radiation by overlying tissues). 

A thyroid scan performed on a patient with a clinically solitary nodule may 
have three possible outcomes (33): it may reveal a single nonfunctioning or 
"cold" nodule (54%) (Fig. 2-11); it may show a multinodular goiter (36%), with 
the majority of the nodules being impalpable; or it may show a functioning nod
ule (10%), which is one that accumulates significantly more tracer than sur
rounding thyroid tissue and is thus classified as "warm" or "hot." So-called 
warm nodules should be regarded as nonfunctioning nodules since the apparent 
tracer uptake is most often due to overlying normal thyroid tissue (34). Hot nod
ules are almost invariably benign; however, there have been well-documented 
exceptions (35). Thyroid cancers most commonly appear as hypofunctional or 
cold nodules on scan, but so do most benign nodules. Thus, unless the area in 
question is hyperfunctioning, thyroid scanning alone is of relatively little dis
criminatory value in the identification of thyroid cancer (36,37). 

Thyroid ultrasonography (Fig. 2-12) can distinguish cystic from solid nodules 
with 90% accuracy. However, this information can be obtained expeditiously 
and at no extra cost at the time of needle aspiration (see below). The wider ap
plication of needle biopsy has virtually rendered thyroid ultrasonography obso
lete as far as the assessment of solitary nodules is concerned. 

In the past it was said that thyroid cysts were rarely malignant. This may be 
true of cysts less than 4 cm in diameter-less than 2% of cystic thyroid nodules 
of this size are malignant and can therefore initially be treated conservatively by 
needle aspiration (39,40). It has been shown, however, that cystic lesions greater 

Fig. 2·11. 
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Fig. 2·12. Thyroid ultrasonograms. A. Predominantly cystic nodule. B. Solid thyroid 
nodule. Ultrasound has been essentially superseded by percutaneous needle as
piration, which provides the same information much more expeditiously and at 
considerably less cost (38). 

than 4 cm in diameter are degenerative malignancies in 20%-30% of cases 
(41,42). For this reason, thyroid cysts greater than 4 cm in diameter should be 
excised. 

Other imaging techniques-fluorescence scanning, lymphography, and arteri
ography of the thyroid-have no practical role in the evaluation of solitary thy
roid nodules. Plain x-ray films of the neck may reveal the characteristic dense , 
course calcification of a benign degenerative nodule, or irregular flecks of cal
cium (psammoma bodies) typical of a papillary or medullary cancer; but in the 
vast majority of patients plain x-ray films yield no useful information. This study 
is therefore rarely ordered. 

Trial of Thyroid Hormone-Suppressive Therapy. As originally proposed by 
Astwood et at. (43), treatment of hypofunctioning thyroid nodules with thyroid 
hormone over a 3-6 month period should bring about a reduction in nodule size 
when there is relatively normal endocrine control compatible with benign hyper
plasia. Failure of the nodule to shrink has been conventionally interpreted as 
suggesting the autonomous, unregulated growth characteristics of a neoplasm. 
The original favorable reported experience with this form of treatment, however, 
has not been shared subsequently by others. McConahey and colleagues (44) 
from the Mayo Clinic found no reduction in the size of thyroid nodules in two
thirds of cases treated by thyroid hormone ; in the remaining one-third, the de
crease was modest and appeared to result from shrinkage of the extranodular tis
sue rather than of the nodules themselves . Of more concern was the recognition 
that on occasion malignant nodules may also shrink during thyroid hormone sup
pression of TSH. 
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Thyroid Needle Biopsy_ When conventional clinical risk factor analysis 
has been combined with standard thyroid imaging tests to select nodules 
for excision, only 10%-30% have subsequently proved at operation to 
be malignant (21,35,45). This means that for every patient found to have 
a thyroid cancer, up to nine others have undergone operation only to 
remove benign lesions. For some time now, thyroid surgeons have rec
ognized an obvious need for a better diagnostic discriminant to sort out 
more accurately the relatively few cancers from the far more numerous 
benign nodules. Several techniques utilizing percutaneous thyroid nee
dle biopsy have been developed as a means of obtaining more direct 
definitive diagnostic information about thyroid nodules without subject
ing the patient to surgery. 

In percutaneous core-needle biopsy a 14-gauge Vim-Silverman or 
Tru-Cut needle is used to obtain a cylindrical core of parenchyma from 
the thyroid for histologic examination (Fig. 2-13). This method requires 
local anesthesia and may cause potentially severe complications such as 
puncture of the trachea and local hemorrhage and hematoma formation 
as well as laryngeal nerve injury (46). Moreover, nodules smaller than 
1.5-2 cm in diameter may be difficult to impale accurately for biopsy 
(21,47,48). 

Fine-needle aspiration (FNA) biopsy employs a 21-25 gauge needle 
to aspirate a very small amount of tissue fluid and cells for cytologic 
examination (Fig. 2-14). A smear is made of the aspirate in much the 
same manner as a blood smear. The smear is then either immediately 
wet-fixed in alcohol and stained with Papanicolaou's stain, or it is al
lowed to dry and then it is stained with May-Griinwald-Giemsa stain. 
FNA biopsy can be used to sample very small lesions (less than 0.5 cm 
in diameter) with great accuracy and is virtually risk free. It causes little 
or no pain and patients readily tolerate multiple biopsies, if necessary, 
to obtain an adequate sample. Implantation of malignant cells along the 
needle tract has never been reported after FNA biopsy of the thyroid 
(20,48). 

FN A biopsy cytology is highly accurate in the diagnosis of papillary, 
medullary, and anaplastic carcinomas (including malignant lymphoma, 
Fig. 2-15). Similarily, the cytologic diagnosis of colloid nodules-which 
make up 80% of the lesions subjected to FNA biopsy-and thyroiditis is 
highly reliable (47-49), However, FNA cannot as yet differentiate be
tween malignant and benign follicular neoplasms (we would include 
among the latter unusually hypercellular, microfollicular areas of hyper
plasia that one occasionally encounters in an adenomatous goiter). This 
is because the criteria of capsular and vascular invasion are critical to 
the diagnosis of follicular carcinoma, and this information can only be 
obtained by histologic examination of the entire excised tumor. FN A 
biopsy has somewhat limited value in the evaluation of cystic nodules 
because of the dilution of cells by fluid (20,50,51). 
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Fig. 2·13. Core-needle biopsy of the thyroid gland. The use of a Vim-Silverman nee
dle is shown, although today most surgeons would prefer to use a Tru-Cut nee
dle. A pillow is placed under the shoulders to provide adequate extension of the 
neck. The skin is prepared with antiseptic and the area is draped with sterile 
towels. The skin and subcutaneous tissues overlying the most prominent part of 
the goiter are then infiltrated with 1-2 ml 1% lidocaine. A. After nicking the 
skin, the needle (containing its stylet) is held at an angle of 45° to the skin and 
is inserted parallel to the longitudinal axis of the neck into the underlying thy
roid gland. The surgeon holds the goiter steady with his left hand (as shown). 
Entry of the needle into the thyroid can be confirmed by asking the patient to 
swallow; the needle will move up and down with the gland. The stylet is re
moved. B. The cutting blade is now inserted and advanced through the sub
stance of the thyroid gland. C. The needle sheath is then pushed and rotated 
down over the cutting blade to capture a core of tissue. D. The entire needle 
assembly containing the specimen is removed. Pressure is applied over the bi
opsy site for approximately 10 minutes. Significant bleeding is rare, although 
one occasionally sees some ecchymotic discoloration of the overlying skin. Tra
cheal puncture and injury to the recurrent laryngeal nerve have been recorded, 
but these complications are very uncommon. 

B 
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Fig. 2·14. Fine·needle aspiration biopsy of the thyroid gland. Local anesthesia is 
not required; the skin is prepared simply with an alcohol or Betadine wipe. The 
apparatus consists of a disposable 10-ml plastic syringe fitted with a 21-25 
gauge needle. The syringe itself is held in a special pistol-grip device (Cameco) 
which enables the operator to apply suction to the syringe with only one hand, 
thereby freeing the other to hold the nodule steady for biopsy. A. The nodule 
is fixed between two fingers of the left hand and held steady against the side of 
the trachea. The point of the needle is then introduced into the nodule and the 
plunger of the syringe is withdrawn to its full excursion to create a high vac
uum. With the syringe under constant suction, the needle is moved back and 
forth in different directions within the nodule to detach tiny tissue fragments. 
B. The plunger is then released to eliminate the vacuum, the syringe is disen-

Generally speaking then, FNA permits the distinction of neoplastic 
from nonneoplastic nodules as well as allowing recognition of the spe
cific type of tumor in many cases. The group from the Karolinska Hos
pital in Sweden have performed over 20,000 FNA biopsies during the 
past 25 years and they have convincingly documented the diagnostic 
value of the method (48). They recommend surgical excision of nodules 
with a "malignant" cytomorphology and also all those with a hypercel
lular pattern characteristic of follicular neoplasms. Patients with nod
ules described as "benign" on FN A smear (typically, colloid goiter or 
thyroiditis) can be managed expectantly on T4-suppressive treatment 
with repeat FNA biopsy from time to time (e.g., recheck in 6 months 
and then annually thereafter). Of course, in view of the fact that false-
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gaged from the needle, and the needle is withdrawn from the neck. C. A little 
air is then drawn up into the syringe and the needle is reattached; the contents 
of the needle (comprising the total biopsy specimen) is then expressed onto a 
microscope slide. D. A smear is then made of the aspirate in much the same 
manner as a blood smear. 

negative smears can occur-albeit in less than 5% of cases (20,52)-a 
benign or nonneoplastic smear should not change the therapeutic deci
sion to operate if a neoplasm is otherwise strongly suspected on clinical 
grounds. In the authors' experience, this situation is encountered very 
rarely. In this context, FN A biopsy has a supplementary role in further 
refining the selection of thyroid nodules for excision. Reports from 
several groups (20,38,47) indicate that its routine use in the evaluation 
of thyroid nodules maximizes the chance for the diagnosis of thyroid 
cancer and minimizes the number of patients with benign nodules sub
jected to a surgical procedure; in general, it can potentially halve the 
number of unnecessary operations on benign thyroid nodules. 

o 



A 

c 

92 SURGERY OF THE THYROID 

. 
" . . . . . . ' If·· . '"" ... ; -i ". ': .. , . 

.... " .. '. '.: ' ... 

Fig. 2·15. Representative cytologic smears obtained by FHA biopsy. A. Colloid 
nodule. The aspirate is relatively acellular with abundant colloid and blood; he
mosiderin-laden macrophages are plentiful. B. Hashimoto 's thyroiditis. There 
are few follicular epithelial cells, with the HOrthle cell type predominating; abun
dant lymphocytes form sheetlike infiltrate with oc.casional elongated, tadpolelike 
forms. C. Granulomatous thyroiditis. The obligatory cytologic feature is the 
presence of multinucleated histiocytic giant cells of the Langhan's type. There 
are occasional lymphocytes, macrophages, and elongated fibrocyte-like cells, 
which are epithelioid cells. D. Follicular tumor (from a hyerplastic follicular 
nodule, follicular adenoma, or well-differentiated follicular carcinoma). The 
smear is very cellular and the follicular cells appear in small , equi-sized circular 
clusters or so-called " footprints." Little or no colloid is found. E. Papillary car
cinoma. As with all malignant tumors, these aspirates are cellular and there is 
usually very little colloid (if present, it has a viscid, stringy appearance) . The fol
licular cells are usually present in tight sheets and clusters with sharp "commu
nity" margins. Often, a characteristic papillary pattern is reproduced, as in this 
example. F. Papillary carcinoma. The cell nuclei in papillary carcinoma are of
ten pleomorphic and have a typical washed-out appearance-the so-called Or
phan Annie nuclei. Intranuclear inclusion bodies or "pseudonuclei" are found in 
70%-80% of these smears and psammoma bodies may be seen occasionally. 
High-power, x400. G. Medullary carcinoma. The aspirate is very cellular, and 

B 



NODULAR GOITER AND THYROID CARCINOMA 93 

E F 

G H 

the cells are typically spindle shaped with oval, eccentric nuclei and occasional 
intranuclear inclusion bodies. Amorphous material is amyloid. H. Anaplastic 
carcinoma. The aspirate is characterized by the presence of large, bizarre pleo
morphic tumor cells. I. Lymphoma. Dispersed, immature cells, and scattered 
lymphocytes are seen. In May-Grunwald-Giemsa-stained smears, the back
ground contains numerous small cytoplasmic fragments. 
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Radioimmunoassay of Plasma Calcitonin. MTC is a neoplasm of C cells 
that secrete the polypeptide hormone calcitonin. This hormone serves 
as a tumor marker for the presence of MTC and its reputed precursor
C-cell hyerplasia. Patients with clinically evident disease almost always 
have elevated basal calcitonin concentrations (53,54). In order to detect 
minimal MTC in its preclinical stages and C-cell hyperplasia, provoca
tive tests of calcitonin secretion have been developed that use intraven
ous injections of calcium, pentagastrin, or both (55). It is appropriate to 
start screening of kindred members at risk of hereditary MTC before the 
age of 5 years. Patients who have a positive response in calcitonin level 
to provocative testing should undergo total thyroidectomy since it rep
resents the only means of curing such patients with this potentially 
lethal disease (53,56). 

It should be noted that hypercalcitoninemia is not absolutely spe
cific for MTC. It occurs in patients with a variety of other endocrine and 
nonendocrine tumors (57). From a practical point of view, however, if a 
patient is suspected of having MTC by family history or on other clinical 
grounds, such non specificity does not cause significant diagnostic prob
lems. Moreover, if one administers provocative agents such as calcium 
or pentagastrin, the plasma calcitonin levels are usually poorly stimu
lated. 

TREATMENT OF THYROID NODULES 

A schema for the diagnosis and management of thyroid nodules is pre
sented in Figure 2-16. In general, if the clinical index of suspicion of 
carcinoma is high, or the FNA biopsy result is "malignant" or "suspi
cious," operative treatment is indicated. Other indications for surgical 
treatment of nodular goiter include hyperthyroidism, symptoms and 

Fig. 2·16. Algorithm for management of solitary thyroid nodule. FNA biopsy pro
vides accurate diagnostic discrimination between nonneoplastic and neoplastic 
thyroid nodules, and it is appropriate to proceed directly to this test after the 
history and physical examination. "Malignant" smears are obtained from papil
lary carcinomas, medullary thyroid carcinoma, anaplastic carcinoma, and lym
phoma. With an experienced cytopathologist, false-positive results are almost 
never encountered; all such nodules should be excised. "Suspicious" smears 
come from cellular follicular adenomas, occasional hypercellular hyperplastic 
nodules, and follicular carcinomas; it is not yet possible to distinguish between 
these lesions cytologically. At the present time, it would seem reasonable to rec
ommend that all patients with suspicious smears undergo surgical treatment, al
though selection of cases could possibly be further refined by 99mTc scanning. 
Patients with nodules described as "benign" on FNA cytology (usually colloid 
nodules) can be managed expectantly usually on T4 suppressive treatment, with 
repeat FNA biopsy from time to time (e.g., recheck in 6 months and then annu
ally thereafter). Virtually all of the "unsatisfactory" smears will come from cystic 
lesions (although rebiopsy of the residual nodule following aspiration of the 
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fluid will often provide an adequate sample). Based on the work of Walfish et al. 
(41,50), we would recommend excision of cystic lesions greater than 3-4 cm in 
diameter because of the risk of underlying malignancy (20%-30%). Another 
practical reason for recommending excision of such nodules is that they almost 
invariably will recur after aspiration. Cystic nodules less than 3 cm in diameter, 
on the other hand, are rarely malignant (2% or less) and are usually curable by 
needle aspiration. 

~ 
> 3-4 em 
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signs of thoracic inlet compression, and a cosmetically unsightly lump. 
Occasionally, one may be asked to remove a large nodular goiter for 
"prophylactic" reasons, in anticipation of the subsequent development 
of obstructive symptoms or hyperthyroidism. To recommend thyroidec
tomy under these circumstances necessitates an extremely safe record 
of surgical treatment. The risk of operative mortality in removing an 
asymptomatic goiter should be zero, and the chance of either vocal cord 
paralysis or tetany should certainly be less than 1 %. If the potential for 
complications of bilateral subtotal thyroidectomy in this situation is 
greater, then the indication for prophylactic surgery should be more 
closely scrutinized. 

NONSURGICAL 

There is general agreement that thyroid hormone-suppressive therapy 
will usually not bring about a significant regression in the size of clini
cally discrete solitary nodules. Where a decrease in size does occur it is 
usually very modest and appears to result from the shrinkage of extra 
adenomatous tissue rather than of the nodules themselves. Today, as 
far as the authors' group is concerned, the most compelling rationale for 
T4 therapy in nodular goiter is to prevent further increase in the size of 
the gland; involution of established nodules is not expected. 

SURGICAL 

The extent of surgery is based on the gross operative and frozen-section 
histologic findings, taken in conjunction with the history and preoper
ative results of FNA biopsy and other laboratory tests, such as plasma 
calcitonin assay. Frozen section is mandatory in the authors' judg
ment-to subject a patient to an operation when cancer is suspected, 
and not obtain histologic section and pathologic consultation, is to do a 
disservice to the patient. 

If the nodule appears grossly benign on inspection and palpation of 
the exposed thyroid gland (and there are no overriding considerations 
dictating more extensive surgery), ipsilateral, near-total lobectomy can 
usually be done. The entire lesion is removed, together with an ade
quate rim of surrounding normal thyroid, but 1-2 g of tissue is left in 
place posteriorly to preserve the parathyroids and avoid damaging the 
recurrent laryngeal nerve. Bilateral subtotal thyroidectomy is per
formed if multiple benign nodules are found at operation. 

If the nodule is suspected of being a carcinoma, a total lobectomy 
should be performed. The specific pathologic findings on frozen-section 
examination of the specimen dictate the extent of further thyroid resec
tion (see the discussion of the treatment of the various forms of thyroid 
cancer in the next section). 
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After surgery for benign thyroid nodules, lifelong treatment with 
thyroid hormone (0.1-0.15 mg T4 per day) is usually advocated to pre
vent recurrence of nodules and to guard against the possible develop
ment of myxedema (58). Although there are no controlled long-term 
studies that document the effectiveness of such treatment in the prophy
laxis of recurrent goiter (59), the authors believe the evidence from their 
own clinical experience supports continuation of this practice. 

TREATMENT OF THYROID CANCER RELATED TO PATHOLOGIC TYPE 

There is general agreement that thyroid cancer can be subdivided clini
cally into a large group of well-differentiated neoplasms of slow growth 
and high curability, and a small group of highly anaplastic tumors with a 
uniformly fatal outlook. The simplest and probably the best pathologic 
classification is that first advanced by Woolner et al. (60) and subse
quently adopted by the American Thyroid Association, and with few 
modifications by the World Health Organization (61). It classifies thy
roid cancer into four main types according to their morphology and 
biologic behavior: papillary, follicular, medullary, and anaplastic. Pri
mary lymphoma of the thyroid can be considered as a separate, fifth 
entity, of rare occurrence. This classification has an advantage over 
those based purely on histologic patterns in that it relates morphology to 
methods of treatment and prognosis. Table 2-1 is a breakdown of the 
relative frequencies of occurrence of the various types of thyroid cancer 
encountered in 1146 patients with thyroid malignancies seen at the 
Mayo Clinic between 1946 and 1971. 

Types of Thyroid Cancer in 1146 
Patients (Mayo Clinic, 1946-1971) 

Malignancy No. 

Papillary 820 
Follicular 174 

Pure follicular 130 
Hurthle cell 44 

Anaplastic 88 
Medullary 56 
Lymphoma 8 

Data from McConahey et al. (62). 

PAPILLARY CARCINOMA 

Percent 

70 
15 
11 

4 
8 
5 

<2 

Papillary carcinoma (Fig. 2-17 A and B) is the most common type of 
thyroid cancer, accounting for 80% of malignant thyroid tumors in chil
dren and adults less than 40 years of age, and for about 70% of thyroid 

Table 2·1. 
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Fig. 2·17. Papillary carcinoma. A. Papillary carcinoma in the left lobe of the thyroid. 
The patient had undergone external therapeutic radiation of the neck some 15 
years previously. B. Histologic appearance of a typical papillary carcinoma. 
The tumor is composed of papillary projections and of neoplastic but well-differ
entiated follicles in varying proportions. Calcified areas (psammoma bodies) 
probably represent necrotic or hyalinized epithelial cells. C. Survivorship 
curves for papillary carcinoma and for normal persons of comparable age and 
sex. (Used with permission from Woolner LB, Beahrs OH, Black BM, et al: Thy
roid carcinoma: general considerations and follow-up data on 1181 cases. In 
Young S, Inman DR (eds): Thyroid Neoplasia. New York, Academic Press, 1968, 
pp 51-77.) 

cancers overall. It is approximately twice as common in females as in 
males (60,62,63). 

These cancers may occur as "minimal" foci of microscopic (often 
sclerosing) carcinoma that are usually detected incidentally at the time 
of pathologic examination of thyroid tissue removed at operation for 
other reasons or at routine autopsy. The incidence of such tiny carcino
mas ranges as high as 28% of all thyroid glands examined at routine 
necropsy and is a function of the number of pathologic sections taken 
(64) and the geographic area (65); the highest rate has been recorded 
among the Japanese; one U.S. study reported a prevalence of 13% (66). 
Interestingly, no relationship seems to exist between the autopsy preva
lence of microcarcinomas of the thyroid and the prevalence or death 
rates from clinically detected thyroid cancer (67). As mentioned earlier, 
radiation therapy to the head and neck during childhood or young adult 
life increases the incidence of these microscopic cancers, but there is no 
evidence to indicate that these radiation-related carcinomas behave any 
differently from lesions not associated with radiation (68,69). 

Papillary cancers are classified with regard to prognosis as follows: 
occult (35%) (69), when the primary lesion is less than 1.5 cm in diame
ter, with or without associated regional lymph node metastases; In
trathyroidal (60%) (69)' when the primary lesion is greater than 1.5 cm 

B 
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in diameter but has not broached the capsule of the thyroid to invade 
surrounding anatomic structures; and extrathyroidal (5%) (69), compris
ing a small group of advanced cancers that have extended beyond the 
thyroid to invade adjacent structures. In describing these so-called ex
trathyroidal cancers, Woolner et al. (70) implied that most such lesions 
are locally inoperable. 

Paradoxically, the presence of cervical lymph node metastases does not appear 
to adversely influence the prognosis. Survivorship is determined principally by 
the size of the primary tumor and the age of the patient. Thus occult lesions, 
with or without nodal metastases, can be regarded for all practical purposes as 
almost completely curable by surgical excision. However, when the primary tu
mor is larger, particularly when it broaches the thyroid capsule to invade sur
rounding anatomic structures, cancer deaths do occur. Recent studies have also 
emphasized the important influence of age on prognosis (62,69,70,71). There is a 
consistent, direct relationship between age at the time of diagnosis and mortality 
from papillary thyroid carcinoma-with the disease having a materially worse 
prognosis in patients over age 40 years. Some series report higher mortality 
rates in men than in women (62,71,72). 

In about 20% of cases of papillary cancer there is gross evidence of 
multicentricity in the gland at operation (63,70), and about one-half of 
the patients have obvious cervical lymph node metastases palpable at 
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the time of initial surgery (63,70,72). Clark et al. (73) have shown that 
microscopic foci of multicentric papillary cancer can be found in up to 
90% of cases subjected to whole organ section at 50-fLm intervals. Simi
larly, microscopic regional lymph node metastases are found in 90% of 
nodes routinely removed and systematically examined (74). However, 
long-term follow-up of patients who have been treated by less than total 
thyroidectomy and who have not had a prophylactic node dissection 
indicates that these microscopic foci of cancer rarely develop into clini
cally significant cancers (62,69,70,71,75). Distant metastasis via the 
blood stream to lung, bone, and other soft tissues (in order of decreasing 
frequency) are seen in fewer than 1 % of patients at the time of initial 
diagnosis (69,70); however, distant spread occurs subsequently in 5%-
20% of cases, with the highest frequency reported in children (63,70). 

Characteristically, papillary carcinomas are low-grade lesions. Oc
casionally, they can become aggressive and cause death within a matter 
of months by undergoing transition to anaplastic thyroid carcinoma 
(76). This transformation appears to be an inherent characteristic of the 
tumor rather than the consequence of 1311 therapy (63). 

Operative Strategy. If a clinically unsuspected microcarcinoma is 
found on careful pathologic examination of thyroid tissue resected for 
benign conditions such as Graves' disease, adenoma, thyroiditis, or 
adenomatous goiter, reoperation is not required since curative resection 
has already been accomplished (77). 

There is now general agreement that occult papillary carcinoma of 
the thyroid, with or without local metastasis, is curable by means of 
conservative surgical treatment (62,70,75,77,78)-i.e., less than total 
thyroidectomy (unless bilateral gross disease is present). Specifically, 
this will usually involve total lobectomy on the side of the lesion with 
contralateral subtotal lobectomy and a "modified" neck dissection if 
there are any palpably enlarged metastatic lymph nodes. A modified 
neck dissection differs from a classical neck dissection fundamentally in 
that the cosmetically important sternocleidomastoid muscle is pre
served along with the internal jugular vein and spinal accessory nerve. 
Long-term follow-up studies indicate that more extensive surgery, with 
its attendant increased potential morbidity (9,69,70,71), is unnecessary 
for cure. 

For intrathyroidal (greater than 1.5 em in diameter) and invasive 
extrathyroidal papillary carcinoma, the consensus of opinion today 
would favor total or near-total thyroidectomy with modified neck dis
section if metastatic lymph nodes are palpable preoperatively or at the 
time of operation. In their classic review of 576 patients with papillary 
thyroid carcinoma, Mazzaferri and Young (69) found twice as many 
recurrences following subtotal thyroidectomy (20%) versus total thy
roidectomy (10%). Of course, total thyroidectomy should not be pur-
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sued to the point that one endangers parathyroid function or the recur
rent laryngeal nerves. If necessary, a small vestige of thyroid tissue can 
be left to protect these structures, if the anatomy does not permit a safe 
total thyroidectomy. In such cases a near-total thyroidectomy with 131 1 
ablation of the remnant is preferable to total thyroidectomy complicated 
by permanent hypoparathyroidism or recurrent nerve damage. With 
due attention to important technical details-such as meticulous dissec
tion, careful hemostasis, and preservation of intact parathyroids; auto
transplantation of unavoidably devitalized parathyroids; and dissection 
and preservation of the recurrent laryngeal nerve throughout its 
course-it should be possible to carry out adequate surgical treatment 
of papillary cancer without significant morbidity. The risk of permanent 
hypoparathyroidism under these circumstances should be less than 1%, 
and the instance of inadvertant recurrent laryngeal nerve injury causing 
permanent vocal cord paralysis, similarly should be rare (79). 

The results of surgical treatment of papillary cancer according to 
type are shown in Figure 2-17C. 

FOLLICULAR CARCINOMA 

These carcinomas comprise approximately 15% of all thyroid cancers. 
The sex and age distribution is similar to that of papillary carcinoma, 
with a peak occurrence in the third and fourth decades, where it is two 
to three times more frequent in females (70,80). Follicular thyroid can
cers are usually single and encapsulated (Fig. 2-18A and B), and they 
exhibit a marked tendency to vascular invasion. Their distinctive mode 
of spread, therefore, is via the blood stream to distant sites, especially 
the bone and lungs [3%-12% of cases at the time of presentation (80,81)] 
(Fig. 2-18C). Metastasis to regional lymph nodes is highly unusual and, 
when present, should lead one to examine the possibility that the pri
mary lesion is a predominantly follicular form of papillary cancer. 

Like papillary tumors, their growth is slow, and consequently they 
are frequently curable; prognosis is related very closely to the extent of 
capsular or vascular invasion. A 40-year follow-up study carried out 
some years ago at the Mayo Clinic (70) revealed that when there was 
minimal angioinvasion or invasion of the tumor capsule, survival did not 
differ significantly from that of normal individuals of comparable age 
and sex (Fig. 2-18D). However, when invasion of vessels or the capsule 
was "moderate or severe," with extensive involvement of the sur
rounding thyroid parenchyma and vessels outside the capsule, survival 
decreased to only one-half that of the normal popUlation. More recent 
reviews indicate a somewhat better overall survival for patients with 
extensive local invasion, provided distant metastases are not present. 
This has been attributed to the adjuvant use of 1311 and thyroid hormone 
(80,82). 
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Fig. 2·18. Follicular carcinoma. A. Encapsulated follicular carcinoma involving the left 
lobe of the thyroid. The cut surface of the tumor is typically fleshy. B. Micro
scopic appearance of a follicular carcinoma showing the predominantly micro
follicular pattern with some colloid production; other examples may show a 
solid sheet of cells. Note the complete absence of any papillary structures. 
(Some 20% of follicular carcinomas are comprised largely of HOrthle cells, 
which have a characteristic voluminous acidophilic cytoplasm. They are consid
ered follicular cancers because of their similar biologic behavior (60).) C. A 
metastasis of follicular carcinoma to the right humerus. Distant metastases, es
pecially to bone, portend a poor outcome. D. Survivorship curves for follicular 
carcinoma and for normal persons of comparable age and sex. Curves highlight 
the importance of vascular invasion in determining prognosis. Tumors exhibit· 
ing moderate or severe invasion (invasive) are serious lesions with a 10-year sur
vival of only 30% in this series, whereas tumors showing only slight or equivocal 
vascular invasion (noninvasive) are virtually completely curable. (Used with per
mission from Woolner LB, Beahrs OH, Black BM, et al: Thyroid carcinoma: gen
eral considerations and follow-up data on 1181 cases. In Young S, Inman DR 
(eds): Thyroid Neoplasia. New York, Academic Press, 1968, pp 51-77.) 
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Operative Strategy. The preferred operative treatment of follicular car
cinoma today is total or near-total thyroidectomy followed by total 
ablation of all remaining tissue that concentrates 1311. Only by removing 
the thyroid iodine "sink" can one detect 1311 uptake in occult metastatic 
deposits (82). Likewise, a total thyroidectomy sets the stage for effec
tive postoperative radioiodine therapy when distant metastases have 
been identified (21,63,83,84). Lymph node spread is so rare that neck 
dissection is almost never indicated in cases of follicular thyroid car
CInoma. 

MEDULLARY CARCINOMA 

MTC represents 5% of all thyroid malignancies (53,62) (Fig. 2-19A and 
B). It arises from the parafollicular or C cells, which originate embryo
logically from the neural ectoderm (specifically, from the neural crest; 
see Fig. 2-1), in common with other cells of the APUD or Neuroendo
crine system. Presumably as a result of some genetically determined 
dysplasia of the APUD system, MTC may be found in association with 
hyperplasia or neoplasia of the adrenal medulla and parathyroid glands; 
this particular clinical syndrome is referred to as MEN-II (85,86). The 
syndrome is further divided into two subtypes-a and b (87). Patients 
with MEN-lla have a normal phenotype, whereas patients with MEN
lIb have a distinctive marfanoid habitus and diffuse ganglioneuromato
sis of the eyelids, lips, and gastrointestinal tract (86,88,89) (Fig. 2-20). 
These syndromes, together with familial non-MEN MTC (MTC without 
other associated endocrinopathies), are inherited as autosomal domi
nant traits; together they make up about 20% of all patients with MTC. 
The sporadic, nonfamilial form of MTC makes up the remaining 80% 
(53,86,90) . 

It is obviously important to recognize patients with the hereditary 
form ofMTC because if pheochromocytomas are present they should be 
dealt with prior to thyroidectomy to circumvent the potential physio
logic hazards of excessive catecholamine release during the neck opera
tion. Moreover, if there is coexistent hyperparathyroidism, this will 
require special attention when the thyroid malignancy undergoes surgi
cal treatment. It is also important from the standpoint of detecting dis
ease in other affected members of the same family group by screening 
for increased concentrations of calcitonin in the plasma. Wells et al. (56) 
have confirmed that early detection of MTC, either in its precursor form 
(C-cell hyperplasia) or as subclinical MTC, correlates with higher cure 
rates. 

About 30% of patients with MTC develop watery diarrhea. The 
diarrheal agent is not known; it may be calcitonin, but other agents, 
including prostaglandins, serotonin, and vasoactive intestinal polypep
tide, have also been implicated. Other paraneoplastic syndromes, such 
as carcinoid syndrome and ectopic adrenocorticotropic hormone 
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Fig. 2·19. Medullary carcinoma. A. MTC from a patient with MEN-lia. Typically, MTC le
sions appear well demarcated from surrounding normal tissues, but they typi
cally infiltrate the adjacent thyroid; the cut surface is usually firm and sclerotic, 
often with focal calcification. The tumor is usually situated in the upper two
thirds of the thyroid lobe. B. Microscopic appearance of MTC showing nests 
of small epithelial cells in an abundant amyloid stroma. Although amyloid is 
common, its presence is not necessary for the diagnosis of MTC. Although not 
shown in this figure, psammoma bodies may be present. C. Survivorship 
curves for MTC. The 10-year survival rate for patients without nodal metastasis 
closely approximates the rate for normal individuals of comparable age and sex. 

(ACTH) syndrome, have been described in association with MTC
usually in patients with advanced disease. Carcinoembryonic antigen 
and histaminase are other tumor-associated products which, like calci
tonin, have been used as tumor markers for detection of MTC and in the 
postoperative follow-up of treated patients (53,56,86,90). 

MTC generally shows a more aggressive biologic behavior than pap
illary and noninvasive follicular forms of thyroid carcinoma. The patho
logic stage of tumor at the time of initial clinical presentation is influ
enced by patient age and "type." Older patients have a greater 
likelihood of tumor spread beyond the confines of the thyroid gland, 
both to regional lymph nodes and to distant sites. In the Mayo Clinic 
series, extrathyroidal tumor was present in approximately 65% of pa
tients with sporadic disease, 60% of MEN-lIb patients, and only 25% of 
MEN-lIa patients. Within the MEN-lIa group, the presence of lymph 
node metastases was closely correlated with the size of the primary 
tumor (53,86,90). 

Prognosis can be linked to a number of factors. Included among 
those having a negative affect on survival are inadequate primary opera
tion, lymph node metastasis, sporadic type of MTC, the MEN-lIb phe
notype, and age over 50 years (86,90). At 10 years, the survival rate for 
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The 1 O-year survival rate for patients with positive nodes is approximately 45'%. 
(Used with permission from Woolner LB, Beahrs OH, Black BM, et al: Thyroid 
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patients without nodal metastasis is close to that expected in normal 
subjects-86%. In contrast, the survival rate is reduced to 45% for 
those patients with nodal metastasis (Fig. 2-19C). The frequency of 
persistence of MTC after primary operation (as evidenced by increased 

Ganglioneuromas in a patient with MEN·llb. A. Lesions of the lips and 
tongue. These lesions are also seen on the eyelids. B. Megacolon. This is 
associated with ganglioneuromas in the gastrointestinal tract. 

c 

B 

Fig. 2·20. 
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basal or provoked levels of CT) is greater in MEN-lIb patients than in 
patients with sporadic disease or MEN-lla. The 5-year survival is worse 
in patients over 50 years of age compared to those patients under 50 
years. 

Operative Strategy. MTC should be considered potentially fatal in all 
affected subjects, and treatment by total thyroidectomy is indicated at 
the earliest possible age (56,90-93). Nothing short of a methodical, 
complete resection of all thyroid tissue will suffice if one is striving for 
cure, because multifocal or bilateral disease occurs in essentially all 
patients with familial MTC and a significant proportion of patients pre
sumed to have sporadic MTC (53,86,90). It should be noted in this 
context that 1 in 5 patients without family histories of MTC in the Mayo 
Clinic series were subsequently found to be index cases to familial 
disease (53). All of the lymph nodes in the midcompartment of the neck, 
extending from the hyoid bone to the innominate vessels, should be 
dissected at the time of the primary total thyroidectomy. This is advised 
because metastasis frequently occurs to lymph nodes in this central 
cervical zone. Lymph nodes in the lateral compartments of the neck 
(internal jugular chain) should be sampled and, if positive, a modified 
neck dissection should be done (86,91-93). Unlike papillary carcinoma, 
lymph nodes involved with metastatic MTC are frequently matted and 
fixed to surrounding structures; thus, they do not lend themselves to a 
"node-picking" type of dissection, and it may be necessary, on occa
sion, to remove the internal jugular vein if it is involved. 

ANAPLASTIC CARCINOMA 

This form of thyroid cancer constitutes less than 10% of all cases in 
most recent series. It is a rapidly growing lesion that spreads early into 
the adjacent neck structures by direct invasion and to distant sites via 
the blood stream. Most of these tumors are encountered during the sixth 
and seventh decades of life and there is no particular predeliction for 
either sex (60). 

Clinically, the diagnosis of a rapidly growing cancer is obvious; the 
lesion is usually clearly unresectable when the patient is first seen (Fig. 
2-21A). There may be a history of preexistent thyroid lump because 
some anaplastic cancers are thought to develop from one or other of the 
more well-differentiated types (76). Anaplastic thyroid carcinoma is uni
formly fatal, regardless of treatment, usually within 36 months following 
diagnosis (70) (Fig. 2-21B). 

Operative Strategy. Occasionally, it is possible to prevent or relieve 
airway obstruction by a palliative debulking of the tumor, but most 
often the surgeon can do no more than simply biopsy the lesion. Exter
nal radiation therapy can be of some help in providing palliation for the 
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Anaplastic carcinoma. A. Histologic specimen. The microscopic pattern 
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patient and delaying progress of the disease, but it is difficult to find any 
satisfactory documentation of this in the literature (94). Most, if not all 
cases of so-called small cell anaplastic carcinoma for which radiother
apy was reportedly effective were probably cases of thyroid lymphoma. 

OTHER THYROID MALIGNANCIES 

Primary Lymphoma of the Thyroid. Lymphoma of the thyroid may 
occur as a primary extranodal form of malignant lymphoma. It consti
tutes less than 1 % of all thyroid malignancies (95). The typical clinical 
profile of primary thyroid lymphoma is a middle-aged to older woman 
who presents with a fairly rapidly enlarging (and usually painless), firm 
thyroid mass. The diagnosis can be confirmed by percutaneous core
needle or FNA biopsy of the thyroid; where there is arry doubt, open 
biopsy should be performed. 

If there is no evidence of extrathyroid involvement, then resection 
of the tumor by thyroidectomy should be performed, with subsequent 
local irradiation. The 5-year survival in such cases can be expected to be 
around 85% (95). In those patients in whom the thyroid lymphoma is 
locally invasive into surrounding soft tissues, or in whom it also in
volves regional lymph nodes, no purpose is served by attempting surgi
cal resection. The 5-year survival figures are the same for these patients 
whether they are treated by combined surgical resection with radiother
apy or with radiotherapy alone (38%) (95). 

Metastatic Carcinoma of the Thyroid. The thyroid gland is an infre
quent site of metastatic involvement from carcinoma arising in other 
organs. Most commonly, the primary lesion is found in the kidney or 
breast. Thyroidectomy is indicated only if the primary lesion is con
trolled and there are no secondary deposits (96). 

POSTOPERATIVE MANAGEMENT OF THYROID CANCER 

Thyroid Hormone. Exogenous thyroid hormone is obviously necessary 
to keep patients in a euthyroid state following total or near-total thyroid
ectomy, but there is also considerable evidence to suggest that it helps 
prevent tumor recurrence and improves survival in patients treated for 
papillary or follicular carcinoma (63,97). Certainly, the experimental 
evidence is clear that TSH can stimulate differentiated thyroid cancers 
to grow (98). There is no good reason to doubt that the same applies in 
the clinical setting. In the study by Mazzaferri and Young (69), patients 
with papillary thyroid cancer treated with thyroid hormone had less 
than a 20% cumulative recurrence rate, whereas patients not receiving 
thyroid hormone had more than a 40% recurrence rate-a highly signifi-
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cant difference (p < 0.0001). Staunton and Greening (99) confirmed a 
dramatic improvement in survival rates in patients with either papillary 
or follicular thyroid cancer treated with thyroid hormone. In general, 
TSH-suppressive therapy has not been helpful in treating patients with 
undifferentiated or medullary thyroid cancer, although there have been 
several anecdotal reports of regression of these tumors. Such treatment 
is probably worthwhile in these cases, since other methods of treatment 
are quite ineffective. Thyroid hormone should be given in doses suffi
cient to suppress TSH to low or undetectable levels that will not rise in 
response to TRH (98). 

Radioiodine. In recent studies published by Mazzaferri et al. (69,80), 
the lowest recurrence rates after surgical treatment of both papillary 
and follicular carcinomas were observed in those patients treated with 
near-total thyroidectomy, 1311 ablation, and thyroid hormone. The bene
ficial effect of radioiodine was best observed in those patients with 
papillary cancers that were larger than 1.5 cm in diameter, bilateral, and 
metastatic or invasive beyond the thyroid capsule, and those patients 
with follicular carcinomas exhibiting extensive histologic invasion. 
There have been isolated reports of objective response of MTC to treat
ment with 1311 but, to date, the authors' group has not had success in 
employing this treatment. 

The protocol calls for a total-body 1311 scan following total or near
total thyroidectomy in all patients with papillary and follicular carcino
mas, except where the papillary lesion is less than 1.5 cm in diameter. 
The scan is done with 2-5 mCi, 6 weeks postoperatively, after the 
patient has been allowed to become hypothyroid. In an alternative pro
gram, T3, 25 J,Lg three times daily, is given for 4 weeks, then discontin
ued for 2 weeks before the scan (100). Under these circumstances, TSH 
levels are high and there is minimal or no competition by residual thy
roid tissue for uptake of 1311 by metastatic tumor. If there is significant 
1311 uptake in the thyroid bed (greater than 2% of the dose at 24 hours), it 
is ablated with 1311. Usually a dose of less than 30 mCi can be used for 
this purpose, but some patients must be given considerably more (up to 
150 mCi) if there is a substantial remnant. Patients with significant up
take of 1311 in metastatic deposits are routinely treated with 150-200 mCi 
1311. Following this, the patient is given a suppressive dose of 0.2-0.3 mg 
L-thyroxine. Subsequent scans are done at 6-month intervals with re
peated therapeutic doses of 1311, as required, until all residual abnormal 
uptake is ablated or adverse effects of 1311 are detected. Thyroid hor
mone in full suppressive doses is given between scans. Once the patient 
has been shown by scan to be free of disease, radioiodine scans can be 
repeated at 3- and then 5-year intervals (63,101). A reported alternative 
is to follow the patient using serum thyroglobulin (TG) measurements at 
half-yearly intervals (102). 
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Hyper
thyroidism 

Although assay of serum TG is not of any value in establishing the diagnosis of 
thyroid cancer (elevated concentrations have also been shown in various benign 
thyroid diseases), it may be helpful in monitoring the course of the disease and 
its response to treatment. Serum TG levels return to normal in successfully 
treated patients but remain elevated in those with metastases (102-104). Com
parison between whole-body iodine scan and simultaneous sequential serum TG 
measurements in patients who have undergone total ablation for differentiated 
thyroid cancer shows an excellent correlation between the two methods for the 
detection of residual tumor tissue. Serum TG levels remain valid as a marker of 
tumor occurrence even when patients are receiving T4 therapy (102). On the ba
sis of these results, it might now seem reasonable to measure TG at intervals 
postoperatively while suppressive thyroid hormone treatment is continued, and 
to perform scans only when the patient's serum TG concentration increases 
above a certain level or when there is clinical evidence suggesting occurrence. 
Monitoring of TG allows more frequent testing and, in most patients, obviates 
the need for complex and costly investigations. 

NONSURGICAL TREATMENT OF THYROID CANCER 

External radiation is used as the primary form of therapy or as an 
adjunct to therapy in the treatment of primary lymphoma of the thyroid 
(94,95). Its role in the treatment of other types of thyroid malignancy 
has been essentially limited to the control of locally unresectable undif
ferentiated thyroid cancer (94). There is a paucity of controlled data 
concerning its efficacy. Occasionally, patients with MTC have been 
treated with chemotherapy (lOS, 106), but response rates have been dis
appointing. 

The most common form of hyperthyroidism is Graves' disease. Plum
mer's disease (hyperfunctioning adenomatous goiter), the only other 
form of hyperthyroidism likely to be encountered by the surgeon, is 
much less common; it may present as a single toxic nodule or as a 
multinodular toxic goiter (107). 

Other Types of Hyperthyroidism. (a) Hyperthyroidism (usually transient) may 
occur in association with thyroiditis, either viral or autoimmune. (b) Hydatidi
form mole or choriocarcinoma may produce hyperthyroidism by secreting a thy
roid-stimulating factor (probably human chorionic gonadotropin). (c) Widespread 
functioning metastatic thyroid carcinoma is a rare cause. (d) It may occur in ac
romegaly and with other TSH-secreting pituitary tumors. (e) It also occurs sec
ondary to ingestion of large amounts of iodine by goitrous individuals (lod Base
dow effect). (f) Another cause is thyrotoxicosis factitia. that is, surreptitious 
ingestion of thyroid hormone (108). 
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PATHOLOGY 

Graves' disease is a systemic disease process of autoimmune etiology 
causing hyperthyroidism (Fig. 2-22), either alone or in association with 
infiltrative ophthalmopathy and dermopathy (pretibial myxedema). This 
disease is currently thought to result from a specific genetic defect in 
immunologic surveillance (109). This permits a "forbidden" clone of 
thyroid-directed lymphocytes (which normally would be suppressed) to 
survive, interact with an antigen on the thyroid cell membrane, and then 
produce a number of thyroid autoantibodies, including antibodies di
rected against the TSH receptor on the thyroid cell membrane. These 
antibodies are referred to as thyroid-stimulating immunoglobulins be
cause the interaction with the TSH receptors on the thyroid cell mem
brane appears to stimulate the follicular cells in a manner indistinguish
able from TSH. Included among the known thyroid-stimulating 
immunoglobulins are long-acting thyroid stimulator (LATS), LATS pro
tector, and human thyroid stimulator. It is thought that the infiltrative 
ophthalmopathy, which occurs in about 10% of cases of Graves' dis
ease, represents a separate autoimmune disorder that is not directly 
related to the thyroid disease itself (110, 1] I). It may precede, accom
pany, or follow the onset of hyperthyroidism. 

111 

Graves' 
Disease 

A B 

Graves'disease. A. Gross specimen. The thyroid gland is usually moderately Fig. 2·22. 
and diffusely enlarged, with a meaty texture on cut section. B. Microscopic ap-
pearance of operative specimen showing the effects of pretreatment with iodine. 
There is diffuse hypertrophy and hyperplasia of the follicular cells, resulting in 
papillary infoldings into the follicles. The colloid is thin and scalloped and stains 
poorly. Lymphocytic infiltration is found to a varying degree throughout the 
gland. (It should be noted that preoperative treatment with iodine causes a flat-
tening of the epithelial cells and an apparent increase in the size of the follicles, 
with diminution in the number and size of the papillary infoldings). 
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DIAGNOSIS 

CLINICAL FEATURES 

Graves' disease may occur at any age but is seen most commonly in 
young women in the third and fourth decades of life (112). There seems 
to be a strong familial tendency in its development and the condition is 
thought to be genetically induced (l 09, ItO), but the exact nature of the 
inheritance pattern is not clear. 

The symptoms and signs of hyperthyroidism (Fig. 2-23) are associ
ated with a thyroid gland that is usually diffusely enlarged about two to 
three times normal size. Vascularity of the gland is increased, as evi
denced by a bruit (and sometimes a palpable thrill), best demonstrated 
over the upper poles. 

Noninfiltrative ophthalmopathy occurs in approximately 50% per
cent of patients with Graves' disease. This results from the excess of 
thyroid hormones, which stimulates sympathetic nervous activity to the 
levator palpabrae to cause upper lid retraction and a stare. Infiltrative 
ophthalmopathy, which is specific to Graves' disease, occurs in about 
to% of cases, to produce proptosis, soft tissue swelling (lid and con
junctival edema) and ophthalmoplegia (diplopia and blurred vision). 
These changes result from cellular infiltration and mucopolysaccharide 
deposition in the posterior orbital tissues and extraocular muscles, sec
ondary to autoimmune processes (113). Pretibial myxedema presents as 
large, indurated, nonpitting confluent plaques. It is an uncommon mani
festation of Graves' disease and is almost always accompanied by infil
trative ophthalmopathy (114). Histologically, it consists of a mucinous, 
hydrophilic infiltrate in the skin. ., 

Other autoimmune diseases that occur in association with Graves' 
disease are myasthenia gravis, pernicious anemia, rheumatoid arthritis, 
vitiligo, idiopathic thrombocytopenic purpura, chronic active hepatitis, 
and Addison's disease (1 to). 

LABORATORY STUDIES 

Various laboratory tests of thyroid function (115-117) are used to diag
nose Graves' disease. Measurement of serum T4 and free T4 concentra
tion (or T3 uptake) should be the first step in the laboratory confirmation 
of the diagnosis of hyperthyroidism. If these concentrations are high, 
the diagnosis is confirmed. If the results are normal or equivocal, serum 
T3 should be determined since the patient may have just T3 thyrotoxico
sis (118). In the typical case of Graves' disease, the thyroidal uptake of 
radioiodine is increased and cannot be suppressed by exogenous admin
istration of T3. The T3 suppression test is of special value in the diagno
sis of mild thyrotoxicosis in patients with marginal clinical findings and 
laboratory test results. Another useful study in such patients is the TRH 
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Clinical features of hyperthyroidism. The symptoms of hypermetabolism Fig. 2·23. 
are heat intolerance, increased perspiration, palpitations, weight loss despite in-
creased appetite, emotional lability and irritability, tremor, and fatigue. The skin, 
especially the hands, is hyperemic, warm , and moist. Tachycardia is almost in-
variably present, and about 20% of patients manifest atrial fibrillation; older pa-
tients may experience angina, and congestive cardiac failure may supervene. A 
proximal muscle weakness is quite common and is well demonstrated by the 
patient's inability to get up from the squatting position. Some patients may ex-
hibit a wasting syndrome characterized by marked weakness and atrophy of 
proximal muscles, which may mimic the cachexia of malignancy (so-called apa-
thetic hyperthyroidism). 

test. In the near future, assays for thyroid-stimulating immunoglobulins 
may become widely available and should be of use both in the diagnosis 
and in the detection of immunologic remissions in patients with Graves ' 
disease undergoing antithyroid drug treatment. 

Serum Thyroxine. Both T4 and T3 are transported in the circulation bound to 
binding proteins, of which the most important is thyroxine-binding globulin 
(TBG) ; only 0.01 % of T4 and T3 circulates as free, unbound hormone. The se
rum free T4 concentration can be measured by a dialysis technique or by ra
dioimmunoassay. The serum total T4 concentration can also be measured by ra
dioimmunoassay or by competitive protein binding. Because the total T4 
concentration is dependent on the amount of circulating TBG, an assessment of 
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TBG is usually combined with the serum T4 value. This enables one to deter
mine whether a high or a low serum T4 value is due to a variation of TBG or to 
thyroid dysfunction. 

Thyroxine-Binding Proteins: T3 Uptake Test. Although the TBG level itself can 
be measured directly by the radioimmunoassay or saturation analysis, the most 
commonly employed test is an indirect one, i.e., the T3 uptake test, which has 
been in vogue for many years. Radioiodine-labeled T3 is first added to the pa
tient's serum and the mixture is then incubated with an insoluble second binder 
(red blood cells or a resin). The second binder is capable of binding the labeled 
T3 in competition with the thyroid hormone-binding sites in the patient's se
rum-the amount of uptake being inversely related to the number of unoccupied 
thyroid hormone-binding sites in the patient's serum. When there are excess 
binding sites in the patient's serum-e.g., with high TBG levels in pregnancy, 
estrogen therapy or contraceptive pill regimens, or in hypothyroidism-the sec
ondary binder uptake of labeled T3 (T3 uptake) is low. Conversely, if there is a 
deficiency of TBG-as in liver disease, or with steroid, testosterone, or hydan
toin therapy-or if there is hyperthyroidism with saturation of the binding sites, 
the T3 uptake is high. 

Free Thyroxine Index. The free T4 index is derived from the serum T4 level and 
the T3 uptake test. It is used to "correct" the measured serum T4 level for vari
ations in serum TBG. 

Serum T3 Concentration. Measurement of the level of bound T3 by radioimmu
noassay is very useful in the diagnosis of hyperthyroidism since it is elevated in 
the early stages of the disease, when T4 is still within the normal range. In some 
patients hypermetabolism can only be ascribed to elevated serum T3, the serum 
T4 level being normal (so-called T3-toxicosis). Like serum T4, serum T3 concen
tration is also greatly influenced by the serum concentration of TBG. Free T3 
can also be measured by an expensive dialysis procedure. 

Radioiodine Uptake. This test involves oral administration of 131 1, or more re
cently, 1231, and then determination of the fraction of radioactivity accumulated 
by the thyroid in a specified period, usually 24 hours. The normal range of 24-
hour thyroid uptake in most areas of the United States is now about 5%-35%. 
This test is of relatively little usefulness in the diagnosis of hyperthyroidism but 
is of considerable value in determining the underlying cause, when there is any 
doubt. Thyroid RAIU is typically high or high normal in hyperthyroidism due to 
Graves' disease or nodular goiter. (Except where the patients have ingested or 
have received parenteral iodine, iodide, or iodine-containing drugs). Thyroid up
take is suppressed in hyperthyroid patients whose hyperthyroidism is a result of 
subacute thyroiditis or thyrotoxicosis factitia caused by a surreptitious ingestion 
of thyroid hormone. 

Thyroid Uptake Suppression Test. In normal individuals, administration of exog
enous thyroid hormone suppresses TSH secretion and thyroid uptake of radioio
dine. In a patient with autonomous thyroid hyperfunction, as in Graves' disease 
or hyperfunctioning adenomatous goiter, thyroid hormone administration causes 
little or no suppression of RAIU. This test is of special value in the diagnosis of 
mild thyrotoxicosis in patients with marginal clinical findings and laboratory 
results. 
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Serum TSH Concentration. An elevated TSH level is quite specific for the diag
nosis of primary hypothyroidism, even in its subclinical, borderline stage. In hy
pothyroidism due to pituitary dysfunction (secondary hypothyroidism) the serum 
TSH level may be normal or low. In hyperthyroidism, TSH is suppressed and it 
is usually undetectable in the serum by routine assays. 

TRH Stimulation Test. In normal individuals, the serum TSH level doubles 
within 20-30 minutes after injection of a standard intravenous dose of synthetic 
TRH. This increase of TSH can be inhibited by even a minute increase in the 
level of circulating thyroid hormone. This is the basis for the use of the TRH 
stimulation test in the diagnosis of cases of clinically occult hyperthyroidism that 
are not detectable by other means. The TRH test is also useful to check for 
complete suppression of TSH in patients who have been treated for thyroid can
cer and are taking thyroid hormone to achieve therapeutic suppression. 

Other Tests. A thyroid scan (using 1311, 1251, 1231, or 99mTc-pertechnetate) can as
sist in the differential diagnosis of thyrotoxicosis. If the thyroid gland is diffusely 
enlarged and the scan shows uniformly increased uptake throughout (which is 
not suppressible by T4 administration), then the diagnosis is Graves' disease; in 
subacute thyroiditis and thyrotoxicosis factitia the thyroid isotope uptake is 
blocked. In patients with nodular goiter and thyrotoxicosis the scan assists in the 
differential diagnosis of solitary toxic adenoma (a single "hot" nodule with 
perinodular tissue showing suppressed uptake), multinodular goiter (increased 
uptake corresponding to the nodules), and Graves' disease with coincidental 
nonfunctioning nodules (increased uptake in the peri nodular tissue). Scintigraphy 
is also undoubtedly helpful in localizing hyper-functioning thyroid tissue in ex
trathyroidal sites (e.g., substernal goiter, metastatic thyroid carcinoma, or 
struma ovarii). 

Thyroid-stimulating immunoglobulins (including LA TS, LATS protector, and 
human thyroid stimulator) can be detected in the serum of patients with Graves' 
disease. Approximately 20% also have antithyroglobulin antibodies, and about 
70% have antimicrosomal antibodies. 

Serum calcium, phosphorus, and alkaline phosphatase may be ele
vated due to increased bone turnover in Graves' disease (114). 

TREATMENT 

Three methods are available today for the treatment of hyperthyroidism 
due to Graves' disease: antithyroid drugs (19)' radioiodine (120), and 
surgery 021-123) (Fig. 2-24). The role of each form of therapy con
tinues to be debated, as no one form of treatment is ideal; each has its 
advantages and disadvantages (124,125). In the United States, nonsurgi
cal methods of treatment have all but replaced subtotal thyroidectomy, 
except in certain circumstances discussed below. 

NONSURGICAL 

Antithyroid Drugs. The two main groups of specific antithyroid drugs 
currently used in the therapy of hyperthyrodism are the thiourea 
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Fig. 2·24. 
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Treatment modalities in Graves' disease. 

group-including propylthiouracil (PTU) and carbimazole (Neomerca
zole)-and the imidazole group, including methimazole (Tapazole). The 
former drugs act principally by inhibiting the incorporation of iodine, 
already trapped by the thyroid, into thyroid hormone; PTU has the 
valuable additional property of inhibiting peripheral conversion of T4 to 
T3. The imidazole drugs appear to act by preventing oxidation of 
trapped iodide by inhibiting the peroxidase enzyme system. There is, 
however, little to distinguish the two groups in terms of clinical re
sponse. The duration of action of these drugs is approximately 8 hours; 
however, once patients are under control, a once-daily regimen may be 
used. 

The optimum duration of antithyroid drug therapy is controversial. 
The objective of therapy is to attain control of the hyperthyroidism and 
maintain a euthyroid state until the disease undergoes remission. In a 
recent report, 90% of patients who took carbimazole for less than 2 
years relapsed (112); relapse rates in patients treated for longer than 2 
years are as high as 50%-80% (126). In general, those patients who fail 
to undergo remission after a course of antithyroid drug therapy, or who 
suffer recurrence after cessation of the medication, will require ablative 
therapy either with surgery or with radioiodine. Remission is more 
likely to occur with (a) disease of short duration, (b) a small goiter, (c) a 



GRAVES' DISEASE 11 7 

reduction in the size of the goiter during the course of treatment, and (d) 
disappearance of thyroid-stimulating immunoglobulins. 

The chief disadvantages of antithyroid drug therapy therefore are 
the high rate of recurrence of hyperthyroidism after therapy is discon
tinued, the extended period of treatment required, the necessity for 
assiduous dose compliance and regular monitoring of treatment, and the 
adverse reactions that occur in about 2% of patients, consisting mainly 
of rash, arthralgia, and neutropenia (in decreasing order). 

Other Drugs. A potent beta-adrenergic blocking agent, propranolol, 
has a prominent role in the treatment of hyperthyroidism. While it has 
no effect on thyroid hormone secretion, it will decrease the tachycardia 
and other signs and symptoms of beta-adrenergic stimulation. Recent 
evidence indicates that propranolol blocks the peripheral conversion of 
T4 to T3 and thus might also have some effect on the metabolic rate. 
Thus, rapid heartbeat is controlled, nervousness declines, and sweating 
and tremor are reduced. Propranolol has proved particularly useful in 
providing rapid control of symptoms during initial treatment with anti
thyroid drugs or radioactive iodine, and in preparing patients for thy
roidectomy. 

A massive supraphysiologic dose of iodine has the immediate effect 
of blocking the secretion of preformed thyroid hormone; eventually, the 
thyroid will "escape" from the iodine effect, but this probably takes 
several weeks. Thus, iodine is very useful in the initial treatment of 
severe thyrotoxicosis and in the preparation of patients for subtotal 
thyroidectomy. 

Lithium carbonate has effects similar to those of iodide. As yet, its 
place in the treatment of hyperthyroidism remains to be properly de
fined. 

Radioactive Iodine. This is by far the simplest and least expensive ther
apy for Graves' disease, and in many centers it has become the treat
ment of choice for adult hyperthyroidism. It has many advantages: 
treatment is usually definitive, there is no surgical scar, there is no 
period of hospitalization or time lost from work, and there is no signifi
cant risk (only rarely is 1311 administration followed by radiation thyroid
itis, with an increase in hyperthyroid symptoms, and this problem can 
be prevented by pretreatment with antithyroid drugs). 

Earlier fears about the possible carcinogenic effects of 131 1 treatment 
have been largely dispelled. There has been no increased incidence of 
thyroid carcinoma or hematologic malignancy since 131 1 therapy for hy
perthyroidism was introduced over 35 years ago (127,128). 

One explanation for the absence of radiation-induced thyroid carcinoma is that 
the dose of radiation to the thyroid cells (7000-10,000 rads) is much higher than 
the dose required to induce cancer (50-1500 rads); the higher radiation dose ap
parently impairs the ability of the cells to replicate (124). 
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There has been no increased incidence of mutation secondary to go
nadal radiation by radioactive iodine. In fact, the radiation dose to the 
gonads is no more than that received during an intravenous pyelogram 
or colon x-ray. However, lingering concern about possible delayed mu
tagenic effects and induction of malignancy still influences many physi
cians today to recommend alternative treatment for children and 
women of child-bearing age. 

The major complication of radioactive iodine treatment is hypothy
roidism. Within 1 year of treatment approximately 5%-20% of patients 
become hypothyroid, and there is an annual increase in incidence there
after-so that about 50% are hypothyroid within a decade (129-131). 
Lower hypothyroidism rates, achieved by using smaller doses of radio
active iodine, can only be achieved at the expense of treatment failures. 
Follow-up after radioiodine therapy must be lifelong-first to detect the 
onset of hypothyroidism, which may be subtle; then to ensure that the 
patients continue taking their replacement T4 therapy. Semi computer
ized review systems have been successfully employed to ensure close, 
long-term follow-up of large groups of treated patients (132). 

One minor practical disadvantage of 1311 therapy is the time neces
sary to control hyperthyroidism: it usually takes about 6 weeks, al
though in some cases it may take up to 6 months. Antithyroid drug 
therapy is usually employed to achieve control of hyperthyroidism dur
ing the "lag" period. 

SURGICAL 

Operative Strategy. Depending on the treatment philosophy, subtotal 
thyroidectomy may leave as little as 2-4 g or as much as 8-10 g of 
thyroid tissue. It provides rapid control of hyperthyroidism, and in 
expert hands, the risk of serious postoperative complications, such as 
vocal cord paralysis or permanent hypoparathyroidism, is less than 1 %, 
and mortality is virtually zero (122,133-135). The object of the opera
tion is to cure the patient's hyperthyroid state. Patients who develop 
recurrent thyrotoxicosis will almost invariably require treatment with 
radioactive iodine because reoperation is fraught with hazard to the 
recurrent laryngeal nerves and parathyroids. 

A number of factors have been implicated in determining thyroid 
status after surgical treatment of Graves' disease, but the most impor
tant oneis unquestionably the size of the thyroid remnant (136,137). The 
incidence of postoperative hypothyroidism is inversely related to rem
nant size; recurrent thyrotoxicosis is a direct function of remnant size. 
It is apparent from a review of the published data that if the rate of 
recurrent thyrotoxicosis is to be kept below 5%, then the remnant size 
should be no greater than 5-8 g; under these circumstances, the cumula
tive incidence of postoperative hypothyroidism will probably approach 
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that seen after radioactive iodine therapy. However, in contradistinc
tion to the gradual, progressive, and cumulative increase in the inci
dence of posttreatment hypothyroidism following radioactive iodine, 
the vast majority of cases of hypothyroidism developing after subtotal 
thyroidectomy occur within the first 6-12 months of operation 
(122,136,138,139). This early onset of posttreatment hypothyroidism 
has been cited as one of the advantages of surgical therapy over radioac
tive iodine therapy. Recent work also suggests that up to 70% of cases 
of postoperative hypothyroidism after surgical treatment of Graves' 
disease are temporary, with thyroid function returning to normal or near 
normal 6-12 months after surgery (140,141). This temporary postopera
tive hypothyroidism can be prevented by short-term thyroid replace
ment therapy without increasing the eventual frequency of permanent 
hypothyroidism (141). 

Indications. The authors favor surgical treatment of Graves' disease in 
children and women of child-bearing age in whom therapy is either 
impracticable (poor drug compliance, adverse reactions, large goiters) 
or has failed to produce a lasting clinical remission. Hyperthyroidism 
rarely occurs in pregnant women (0.2% of pregnancies) (142), but when 
this complication occurs, subtotal thyroidectomy is probably the treat
ment of choice after initial control with Lugol's iodine, antithyroid 
drugs and/or short-term ,B-blocking agents. 

The principal problem with antithyroid drug therapy in pregnancy is that these 
agents cross the placenta and. if given in excess, may cause fetal goiter and, oc
casionally, fetal hypothyroidism with subsequent mental retardation (143). These 
complications cannot be prevented by administration of thyroid hormone to the 
mother since neither T4 nor T3 cross the placenta in appreciable concentration. 
If antithyroid drugs are used to treat Graves' disease in pregnancy, PTU is pre
ferred over methimazole because the latter has been associated with producing 
scalp defects in the offspring of treated mothers (143). Radioiodine therapy 
should never be administered during pregnancy because of the dangers of irradi
ation to the conceptus (before the 12th week) or to the fetal thyroid when it be
gins to trap iodine after the 12th week (143, 144). 

Preoperative Preparation. The use of iodine, which acts by inhibiting 
the synthesis and release of thyroid hormones, was first introduced by 
Plummer in 1923, to prepare patients with Graves' disease for surgery 
(145). Prior to the introduction of preoperative iodine preparation, the 
mortality for thyroidectomy for Graves' disease was at least 5% percent 
and as high as 20%-30% in some reports. Preoperative preparation with 
Lugol's iodine, 10 drops three times daily for 7-10 days, essentially 
eliminated the problem of postoperative thyroid crisis and reduced the 
mortality for thyroidectomy in these cases to less than 1 %. Later, the 
introduction of antithyroid drugs and propranolol made it possible to 
have even more effective preoperative preparation. 

It is still standard practice at many institutions to prepare patients 
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Plummer's 
Disease 

preoperatively with Lugol's iodine (122). Ifthe patient is already receiv
ing an antithyroid drug, iodide may be added to the regimen. If the 
patient is severely toxic, iodide pretreatment is supplemented with pro
pranolol at a dose of 40-80 mg every 8 hours for 7-10 days before 
operation to obtain a resting heart rate of 90 beats/minute (135). The 
propranolol is continued throughout the day of operation and for 3-5 
days postoperatively to ensure that beta-adrenergic blockade is main
tained until circulating levels of thyroid hormone are no longer ele
vated-the half-life of T4 in the periphery is normally about 6-7 days 
(146). 

Treatment of Graves' Ophthalmopathy_ Mild exophthalmos can be managed con
servatively with methylcellulose eyedrops, dark glasses, and elevation of the 
head at night. Severe progressive exophthalmos can lead to serious ocular dis
comfort, profound cosmetic disfigurement, diplopia secondary to ocular muscle 
palsy, and loss of vision. Thyroidectomy has no predictable effect on the eye 
condition (147)-the exophthalmos may deteriorate or improve but most often it 
remains unchanged after operation-and the surgeon should specifically point 
this out to the patient prior to operation. 

In serious cases of exophthalmos the first line of treatment is administration 
of large doses of glucocorticoids. If steroid therapy fails to produce a remission 
within several weeks, then one can consider either high-voltage orbital irradia
tion, as described by Donaldson et al. (148), or surgical decompression of the or
bit via the transantral approach (149). 

HYPERFUNCTIONING ADENOMATOUS GOITER: 
TOXIC NODULAR GOITER 

PATHOLOGY 

Plummer's disease differs fundamentally from Graves' disease in that 
the basic pathologic process is confined to the thyroid gland (150). The 
term usually refers to the development of hyperthyroidism in a multinod
ular adenomatous goiter (Fig. 2-25). A single toxic "hot" nodule may 
result from localized hyperplasia to form a single encapsulated nodule 
and is thus a special example of Plummer's disease (others are true 
follicular adenomas in an otherwise normal thyroid gland). 

DIAGNOSIS 

CLINICAL FEATURES 

Plummer's disease comprises about 10% of all cases of hyperthyroidism 
referred to the surgeon. As a general rule, patients who develop hyper
thyroidism due to adenomatous goiter are in the older age groups, usu-
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• 

Plummer's disease. A. Thyroid scintiscan showing multiple areas of in
creased uptake in a toxic multinodular goiter. B. Gross operative specimen. 

ally in their 50s or 60s, and have had their goiters for many years. 
Plummer believed that practically all adenomatous goiters would even
tually become toxic given enough time, and that the average interval 
from the time the goiter was first noted to the subsequent development 
of symptoms of hyperthyroidism was approximately 15 years (150). The 
percentage of patients with adenomatous goiter who eventually develop 
hyperthyroidism is probably less than 10% overall. Like Graves' dis
ease, this condition is many times more common in women than in men. 

The hyperthyroidism that accompanies nodular toxic goiter is usu
ally characterized by cardiovascular disturbances (Fig. 2-23). There 
may be incipient or overt congestive cardiac failure with dyspnea and 
edema; cardiac arrythmias (usually atrial fibrillation) are often present. 
Nervous manifestations that characterize the young patient with 
Graves' disease are usually less prominent in Plummer's disease, al
though emotional lability may later be quite pronounced. Patients with 
Plummer's disease may also exhibit a wasting syndrome characterized 
by marked weight loss and weakness, with atropy of proximal muscles 
which may mimic the cachexia of malignancy (so-called apathetic hy
perthyroidism). Noninfiltrative eye signs (lid lag and stare) may occur 
but are rare . 

LABORATORY STUDIES 

The serum T4, free T4, and T3, and the various suppression and stimu
lation tests described in the preceding section on thyroid function tests 
can be used to confirm the clinical suspicion of thyroid hyperfunction. A 
thyroid ' scintiscan (Fig. 2-25A) reveals multiple areas of increased up
take or a single area of increased uptake with suppression of the remain
ing gland in cases of solitary toxic nodule. A specific histologic diagno
sis can be obtained by FNA cytology. 

Fig. 2·25. 

B 
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Thyroiditis 
Causing 

Hyper
thyroidism 

TREATMENT 

SURGICAL 

Thyroidectomy is the preferred treatment for this condition (3). Control 
of the hyperthyroidism is immediate and certain, and the patient is freed 
of the goiter, which is often large enough to cause thoracic inlet com
pressive symptoms. The patient should first be rendered euthyroid with 
drug therapy-in this case antithyroid drugs and/or propranolol, but not 
iodides, which may exacerbate hyperthyroidism in these cases (Jod
Basedow). 

NONSURGICAL 

Treatment with radioiodine is generally considered inferior to thyroid
ectomy because the goiter usually persists after treatment, several 
months must elapse before treatment is effective, and the radiation 
dosage is highly variable (variations in the size of the gland and the 
percentage of uptake of 131 1 may require that multiple courses of treat
ment be given over several months). In the case of solitary toxic adeno
mas, there is some concern that if radioiodine is used, the surrounding 
normal tissue will be exposed to a sufficient radiation dosage to induce 
subsequent thyroid cancer (151). The use of radioiodine in the treatment 
of hyperfunctioning adenomatous goiter is usually reserved for elderly 
patients who are considered too ill to tolerate thyroidectomy. 

Treatment with antithyroid drugs has never been widely' attempted 
because lifetime therapy would be required (3); unlike Graves' disease, 
which tends to remit spontaneously, the hyperthyroidism of nodular 
goiter probably continues indefinitely. 

"Hashitoxicosis." Some patients with the typical clinical features of Graves' dis
ease (with or without associated ophthalmopathy) are found on biopsy or at sur
gery to have thyroid glands that show the histologic picture of Hashimoto's thy
roiditis alone or a mixture of both parenchymatous hypertrophy of Graves' 
disease and extensive lymphocytic infiltration. It is now generally accepted that 
Hashimoto's thyroiditis and Graves' disease are interrelated disorders of similar 
etiology that may occasionally coexist in the same patient (152). 

Subacute Thyroiditis with Transient Hyperthyroidism. It has long been recog
nized that some patients with painful. viral subacute thyroiditis will manifest 
transient clinical thyrotoxicosis in association with an elevated circulating thy
roid hormone level and very low thyroid RAIU (153). Recently, however, a 
number of reports have appeared also describing transient clinical hyperthyroid
ism (usually lasting about 4-6 weeks) with blocked RAIU and nontender diffuse 
thyroid enlargement due to lymphocytic thyroiditis (154, \55). A temporary phase 
of hypothyroidism often follows the hyperthyroidism; subsequent recurrent epi-
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sodes of transient hyperthyroidism may occur in 10% or more of the patients 
(155). 

This disorder can be mistakenly diagnosed as Graves' disease unless the very 
low thyroid RAIU is noted. Since all of these patients can be expected to have a 
spontaneous remission of their thyrotoxicosis within a few weeks, it is important 
that the differential diagnosis from Graves' disease be made, so that long-term 
antithyroid drug therapy or thyroidectomy can be avoided. All patients with a 
diffuse goiter and a clinical diagnosis of thyrotoxicosis should have RAIU mea
sured; those with low values can be observed with only supportive therapy: pro
pranolol is the preferred treatment as it allows the process of spontaneous reso
lution to be easily monitored (156). 

PREVENTION AND MANAGEMENT 

RARE COMPLICATIONS 

Mortality. Mortality from thyroid surgery is virtually negligible today. 
Even before the turn of the century, without the benefit of blood trans
fusion, antibiotics, or endotracheal anesthesia, Theodor Kocher was 
able to perform thousands of thyroidectomies (often for huge goiters) 
with a mortality of only 0.5% (157). 

Thyroid Crisis. Prior to the introduction of preoperative iodine prepara
tion for Graves' disease by Plummer in 1923, the principal cause of 
death in patients undergoing thyroidectomy was postoperative thyroid 
crisis. As Pemberton and Haines, Mayo Clinic physicians of that era 
described it, 

Often, within a few hours after the goiter had been resected successfully, an 
acute explosive reaction would follow, characterized by extreme tachycardia, 
high temperature, nausea and vomiting, marked restlessness and prostration. 
mental stimulation or delerium and frequently coma: often death supervened 
within from 12 to 48 hours (158). 

With Lugol's iodine, antithyroid drugs, and propranolol available 
for preoperative preparation of patients with Graves' disease, thyroid 
crisis as a complication of thyroidectomy today is entirely preventable. 
This exceedingly rare complication is treated with high doses of antithy
roid drugs (PTU 600-1000 mg loading dose, then 200 mg every 8 hours) 
followed by iodide (10 drops of Lugol' s iodine every 8 hours by mouth 
or 1 g sodium iodide by intravenous infusion every 8 hours) and/or 
propranolol (1-2 mg) intravenously with electrocardiographic control, 
followed by 10-40 mg by mouth every 8 hours) along with other general 
supportive measures (fluids, ice packs, hypothermic blanket). Cortico
steroids have also been used empirically to treat this condition. 

Complications 
of Thyroid 
Surgery 
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Postoperative Hemorrhage with Airway Obstruction. This should be an 
exceedingly rare postoperative complication. Bleeding will usually be 
heralded by an unusual degree of postoperative pain, apprehension, 
swelling of the neck, and excessive blood drainage through the skin 
incision or via any drains that may have been used. Once recognized, an 
expanding hematoma should be evacuated by reopening the wound, 
preferably under sterile conditions in the operating room. If the hema
toma has gone unrecognized too long and has progressed to the point of 
causing laryngeal compression and airway obstruction with stridor and 
hypoxia, then the skin and deep fascial sutures should be removed post 
haste at the bedside to release the hematoma. If this maneuver does not 
restore an adequate airway immediately, endotracheal intubation will be 
necessary. Bedside tracheotomy should be required rarely, if ever 
(159). 

Bilateral Recurrent Laryngeal Nerve Injury. This may be a rare conse
quence of definitive surgery for extensive malignant disease of the thy
roid. It results in the vocal cords assuming a flaccid, paralyzed interme
diate position; the airway mayor may not be adequate. Bilateral cord 
paralysis should always be suspected in patients in whom stridor and 
cyanosis develop shortly after extubation. Immediate reintubation must 
be carried out, but one does not always need to do an emergency tra
cheotomy. The problem may be simply one of recurrent nerve neuro
praxia or even simple laryngeal edema-both of which are reversible 
with time. The patient may be subsequently safely extubated after 1 or 2 
days of parenteral steroid therapy (2-4 mg dexamethasone every 6 
hours intramuscularly). Of course, if the cords are paralyzed and the 
airway is compromised, tracheotomy will ultimately be necessary. 

If there is no return of cord function during the subsequent 6-12 
months, transoral arytenoidectomy can be performed to enlarge the 
airway by laterofixation of one cord. Attempts at delayed nerve repair 
(160) or nerve-muscle pedicle implants (161) have generally not been 
successful in restoring cord function. In those patients in whom the 
airway is initially adequate despite bilateral cord paralysis, the voice is 
hoarse and breathy at first; later its quality improves. This may mean 
that nerve function has recovered, but it may also have a more ominous 
significance, signaling impending airway compromise. This is because 
when the cords remain paralyzed, the glottic aperture becomes progres
sively more narrow as atrophy, fibrosis, and contraction in the intrinsic 
laryngeal muscles draw the cords into a tense midline position. 

Injury to the External Branch of the Superior Laryngeal Nerve. This 
complication is frequently discussed, and much is made of the vulnera
bility of this branch when the superior vascular pedicle of the thyroid is 
clamped. There is no simple way to document such injury, however, 
and therefore its true frequency is unknown. Gross changes that occur 
are usually of a subtle nature and will probably go unnoticed by the 
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patient unless he or she is a professional singer or public speaker. The 
patient may be aware of an inability to reach high-pitched sounds (this is 
because the superior laryngeal nerve innervates the cricothyroid mus
cle, which is a tensor of the vocal cord) or easy fatigability of the voice 
when speaking to crowds. Injury to this nerve can best be avoided by 
leaving division of the superior pole vessels until after the isthmus has 
been divided and the lobe has been substantially mobilized. The adven
titial tissue attaching the upper pole of the thyroid to the larynx is then 
separated by blunt dissection. This leaves the pole suspended by the 
superior vascular pedicle. Now the thyroid lobe can be swung away 
from the larynx in order to clamp, suture-ligate, and divide the superior 
thyroid vessels, leaving the superior laryngeal nerve medially and safe 
from injury. 

Other Rare Neurologic Complications. Complications of thyroid sur
gery also include the following: injury to the cervical sympathetic trunk 
(it is vulnerable when the inferior thyroid artery is ligated), causing 
Horner's syndrome; damage to the phrenic nerve (which is liable to be 
injured in the course of a modified neck dissection for metastatic thyroid 
cancer), causing paralysis of the hemidiaphragm; and transection of the 
spinal accessory nerve during nodal dissection of the posterior triangle, 
causing a shoulder droop and winging of the scapula due to paralysis of 
the trapezius muscle. 

Injury to the Right Lymphatic Duct or Thoracic Duct. Such an injury 
can occur in the course of a modified neck dissection. Leakage of chyle 
will usually be obvious during operation, at which time it is an easy 
matter to ligate the duct. Attempted repair of this friable, thin-walled 
vessel is inadvisable, because a persistent leak will almost certainly 
result, with the subsequent development of a chylous fistula. Reopera
tion will then be required to ligate the duct in the neck or, if this fails, in 
the chest. 

MORE FREQUENT COMPLICATIONS 

Unilateral Paralysis of the Recurrent Laryngeal Nerve. Indirect laryn
goscopy should be performed routinely, both preoperatively and post
operatively. In these times of heightened medicolegal sensibility, it is 
important to document normal vocal cord function before operation, 
even if there is no previous history of neck surgery. In such cases, cord 
paralysis may be related to the thyroid disease itself [either benign (162) 
or malignant] or to unsuspected intrathoracic pathology, such as a tra
cheal neoplasm or aortic aneurysm. Occasionally, one will also encoun
ter so-called idiopathic vocal cord paralysis, for which there is no appar
ent cause (163). In patients who have had previous thyroid or 
parathyroid surgery, it is doubly important to know of the presence of 
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cord paralysis before operation, not only because of the potential medi
colegal implications, but also because of concern about possible injury 
to the remaining functioning nerve causing bilateral cord paralysis and 
airway compromise. 

The best way to avoid injuring the recurrent nerves at operation is to 
conscientiously expose and identify them and to refrain from handling 
them directly with instruments. Transient cord paresis may occur in up 
to 5% of cases, even in the best of hands, presumably due to stretching 
or edema of the nerve occasioned by dissection of adjacent tissues; this 
seldom lasts more than 4-6 weeks. The surgeon should also be aware 
that trauma from the endotracheal tube cuff can cause temporary cord 
paralysis (164). Even bilateral vocal cord paralysis can occur as a direct 
result of endotracheal intubation (165). 

If the nerve is severed in the course of dissection and the injury is 
recognized at the time, one should attempt to reapproximate the cut 
ends immediately with the use of meticulous microsurgical technique. 
Unfortunately, there is not much hope that full recovery will occur 
(166). Delayed nerve repair is essentially worthless (160). 

Unless routine indirect laryngoscopy is performed, many cases of 
cord paralysis will never be discovered. This is because compensatory 
overadduction of the uninvolved cord narrows the glottic chink to pro
duce a normal voice (generally within 4-6 weeks). When symptoms 
occur, they are usually those of hoarseness and an ineffective nonexplo
sive type of cough, but even in these patients, a normal speaking voice 
will almost always return in time as fibrotic changes in the paralyzed 
muscles move the cord from a paramedian position to the midline. If 
after 6-12 months there has not been spontaneous recovery of nerve 
function, the quality of the voice can often be improved by injection of 
Teflon paste into the paralyzed cord (167). The incidence of inadvertant 
unilateral recurrent nerve injury causing permanent cord paralysis 
should be less than 1% (0.5% of nerves exposed to risk after subtotal or 
total thyroidectomy). 

Postoperative Hypocalcemia. The serum calcium level should be 
checked routinely following bilateral subtotal or total thyroidectomy. 
Despite attempts to implicate other factors (168), hypocalcemia follow
ing thyroidectomy almost always results from injury to the parathyroid 
glands or interference with their blood supply. If the damage is severe 
enough, overt hypoparathyroidism will result, usually within 1-7 days. 
(For treatment of hypoparathyroidism see the section in Chapter 1, 
Postoperative Hypocalcemia.) 

The incidence of permanent hypoparathyroidism following subtotal 
thyroidectomy should approach zero. After total thyroidectomy it 
should be possible to keep the risk of permanent hypoparathyroidism to 
less than 1 % by meticulously dissecting the parathyroid glands away 
from the thyroid and preserving their blood supply intact. Autotrans-



OPERATIVE TECHNIQUE 127 

plantation of a parathyroid will be necessary if its blood supply is de
stroyed (79). (For technique of parathyroid autotransplantation see the 
section in Chapter 1, Total Parathyroidectomy with Autotransplant.) 

TOTAL THYROID LOBECTOMY 

When thyroid carcinoma is suspected (either grossly at the time of 
operation, or preoperatively on the basis of the needle biopsy findings), 
total lobectomy should be performed on the side of the lesion. Then, 
depending upon the frozen-section pathologic findings and the anatomy 
of the recurrent laryngeal nerve and parathyroid glands, a subtotal, 
near-total, or total lobectomy is carried out on the opposite side (see 
section, Thyroid Cancer). 

The sequential steps for gaining exposure of the thyroid are similar 
to those for parathyroid exploration illustrated in Chapter I (see Figs. 
1-19to 1-26). With the recurrent laryngeal nerve and one or both parathy
roid glands now identified, the thyroid lobe is freed and removed as 
depicted in Figures 2-26 to 2-31. Note the use of small hemoclips to 
divide the individual branches of the inferior thyroid artery and to sever 
the ligament of Berry-the dense condensation of vascular pretracheal 
fascia that attaches the thyroid posteriorly to the first and second tra
cheal rings. Division of this ligament releases the lobe. The recurrent 
laryngeal nerve must be exposed right up to its site of entry into the 
larynx, deep to the cricopharyngeus muscle and posterior to the crico
thyroid articulation and the inferior horn of the thyroid cartilage. At 
this stage of the operation, the superior parathyroid gland is routinely 
identified and preserved along with its blood supply. 

Before closure, the tissues of the neck are irrigated with saline and 
residual bleeding points are ligated. Closure is effected as illustrated in 
Chapter 1 (see Figs. 1-39 to 1-41). 

Operative 
Technique 
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Fig. 2·26. Freeing of thyroid isthmus. A. The usual collar incision has been made, the 
midline cervical fascia divided, and the strap muscles retracted laterally. The en
tire anterior aspect of the thyroid gland now lies exposed. Using a gauze 
sponge for traction, the surgeon pushes the isthmus of the gland upward, bring
ing the inferior thyroid veins into taut relief. The subisthmic lymph nodes and 
fat are stripped upward toward the thyroid, skeletonizing the veins, which are 
then clamped, divided, and tied. One must exercise care during this step to 
avoid possible injury to an anomalous anteriorly placed recurrent laryngeal 
nerve (see Fig. 2-6). B. The Delphian lymph nodes, situated in the midline im
mediately above the isthmus, and the pyramidal lobe (if present) are dissected 
down off the anterior aspect of the larynx to free the isthmus from above. Small 

128 bleeders encountered at this stage are either cauterized or clamped and tied. 

B 



Freeing of thyroid lobe laterally: exposure of the recurrent laryngeal Fig. 2·27. 
nerve and inferior thyroid artery (right side). The right lobe of the thyroid 
is grasped with Kocher clamps (or Lahey thyroid tenacula) and rotated medially 
out of its bed. The areolar planes adjacent to the thyroid are now suffused with 
air drawn into the tissues by suction created by traction on the thyroid and 
countertraction of the strap muscles. This process is best described as "air dis-
section" of the tissues and it facilitates the rapid exposure of the inferior thyroid 
veins. inferior thyroid artery. recurrent laryngeal nerve. and parathyroid glands; 
the areolar tissues are simply stripped away with thumb forceps from these 
structures without causing any blood loss. The middle thyroid veins are ligated 
(or clipped with hemoclips) and divided. The inferior thyroid artery is identified 
and traced medially to its intersection with the recurrent laryngeal nerve. which 
usually is deep to the artery. The recurrent nerve often can be palpated before it 
is visualized by being gently "popped" with the finger against the lateral aspect 
of the trachea (see Fig. 2-31). The inferior parathyroid gland is seen in this fig-
ure as a small. tan nodule surrounded by thymic fat beneath the lower pole of 
the thyroid. 

129 
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I 

A 

Fig. 2·28. Freeing of thyroid lobe medially: division of the isthmus. A. The thyroid 
isthmus is separated from the underlying trachea by blunt dissection with a Ko
cher clamp. B. It is then clamped on either side and divided. 

B 



A 

B 

c 
Freeing of thyroid lobe superiorly: ligation and division of the superior Fig. 2·29. 
thyroid pedicle. A. The lobe, being partially mobilized by division of the isth-
mus, is pulled laterally and downward away from the side of the larynx. B. This 
maneuver permits clamping and division of the superior thyroid vascular pedicle 
without fear of injuring the external laryngeal nerve. C. The stump is secured 
with transfixion ligatures. 131 
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A 

B 

Fig. 2·30. Freeing of thyroid lobe posteriorly: clipping and division of the inferior 
thyroid artery branches and ligament of Berry. A. The use of small he
moclips facilitates this step, however, fine-pointed hemostats also can be used 
to progressively clamp, divide, and ligate the vascular areolar tissues binding 
the thyroid posteriorly to the trachea. B. The ligament of Berry, which consists 
of dense vascular connective tissue, is divided with the scissors; care is taken to 
stay clear of the recurrent laryngeal nerve and preserve the superior parathyroid 
gland with its blood supply intact. Individual branches of the inferior thyroid ar
tery are clipped separately. 
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Guide to the identification of the recurrent laryngeal nerve at its en· Fig. 2·31. 
trance to the larynx. The recurrent laryngeal nerve is vulnerable at this level, 
where it traverses the ligament of Berry; occasionally, it may even lie within the 
posterior portion of the thyroid gland itself. The course of the nerve must be 
clearly identified before these fascial bands are severed. The inferior horn of the 
thyroid cartilage is easily felt and serves as a convenient guide to the position of 
the nerve at this point, as it enters the larynx deep to the cricopharyngeus mus-
cle and posterior to the cricothyroid articulation and the inferior horn . 
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A 

Fig. 2·32. Removal of substernal goiter. A. The cervical portion of the thyroid is mo
bilized as far as possible. The middle thyroid vein and inferior thyroid artery are 
secured. A finger is then insinuated downward behind the substernal goiter to 
free it from the surrounding structures. B. Traction from above, aided by pres
sure with the finger from below, is used to ease the gland upward and deliver it 
into the neck. 

REMOVAL OF A SUBSTERNAL GOITER 

Almost all substernal goiters can be removed via a cervical incision. The 
cervical approach permits control of the blood supply, identification of 
the recurrent laryngeal nerves, and preservation of the parathyroid 
glands. The collar incision may be extended by splitting the sternum to 
give wider exposure, but this step is seldom necessary. 

In rare instances, a goiter lies wholly within the thorax. These tu
mors may arise primarily from ectopic intrathoracic thyroid tissues ; 
more often, they are the residual portion of a goiter that was incom
pletely removed by previous cervical thyroidectomy. Such cases may 
be best approached through a primary thoracic incision, either sternum
splitting or posterolateral thoractomy, depending on their location. 

Those patients whose airway is compromised by a huge substernal 
goiter should not receive sedatives until they are under the direct super-
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vision of the anesthesiologist. It may be preferable to intubate these 
patients while awake, with topical anesthesia, in order to avoid airway 
difficulties during induction. 

The thyroid is mobilized as shown in Figure 2-32. Occasionally, a 
very large substernal goiter cannot be delivered in the manner de
scribed. In such instances the capsule may be incised and the central 
portion of the mass removed piecemeal (i.e., by morcellation) with 
sponge-holding forceps or Russian forceps. This permits removal of the 
goiter without injury to surrounding structures and, if accomplished 
expeditiously, with minimal blood loss. Subtotal resection is then car
ried out (described in Figs. 2-33 to 2-38; see below). 

The substernal space is filled with saline and the lungs are hy
perinflated to check for any air bubbles, which would indicate a pleural 
leak. A suction catheter may be left in place for 24-36 hours; it is 
connected to underwater-seal drainage if a pneumothorax is present. 

B 
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SUBTOTAL THYROID LOBECTOMY 

Benign lesions of the thyroid are treated by subtotal lobectomy. The 
technique preserves a posterior remnant of several grams of thyroid 
tissue, which enables one to clear the recurrent laryngeal nerve by a 
wider margin of safety and preserve both the upper and lower parathy
roid glands more easily than with total lobectomy. Multinodular ade
nomatous goiter is treated by bilateral subtotal thyroidectomy; this is 
also the definitive treatment for Graves' disease. The weight of the 
thyroid remnants are best estimated by fashioning a "template" of 
equivalent size and shape from a portion of the resected tissue and 
having the pathologist carefully weigh it. 

The sequence for exposure of the thyroid gland is illustrated in 
Chapter 1 (see Figs. 1-19 to 1-26). The subtotal lobectomy is shown in 
Figures 2-33 to 2-38. 

Fig. 2·33. Preliminary ligation of the inferior thyroid artery (optional). The inferior 
thyroid artery may be ligated in continuity with catgut, silk, or a metal clip. In 
cases of multinodular goiter, this step is advised as a means of reducing bleed
ing during the course of the subtotal lobectomy. When operating for Graves' 
disease, the authors prefer not to ligate the inferior thyroid artery in younger in
dividuals, so as to be certain of preserving optimal blood supply to the parathy
roids. Wade et al. (169) have pointed out that the "functional reserve" of the 
parathyroids may be compromised after thyroidectomy with the possibility of 
frank hypoparathyroidism developing when there is increased demand for cal
cium-such as with the adolescent growth spurt and in pregnancy. 

B 
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Subtotal resection of the lobe. This is initiated by retracting the thyroid Fig. 2·34. 
lobe anteriorly with Lahey tenacula. Beginning medially, the surgeon applies 
Kocher clamps successively to the thyroid capsule, working around the circum-
ference of the lobe in a horizontal plane approximately flush with the anterior 
surface of the trachea, and constantly checking the position of the recurrent 
laryngeal nerve and the parathyroids to avoid injuring them. As each clamp is 
applied to the thyroid, the tissues held in the jaws of the clamp are severed 
flush with the upper surface of the instrument; in this way, the superficial por-
tion of the lobe is progressively freed. If a parathyroid gland is unavoidably 
devascularized in the course of the resection (the inferior parathyroid glands are 
most vulnerable because they are frequently situated high on the lateral surface 
of the thyroid), then the gland should be diced and autotransplanted into the 
sternocleidomastoid muscle (for technique see section in Chapter 1, Total 
Parathyroidectomy with Heterotropic Autotransplantation) . 



A 

B 

Fig. 2·35. 
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Ligation of the superior thyroid pedicle. A. Once most of the lobe has 
been partially detached, it is sufficiently mobile to be retracted laterally and 
downward, thereby bringing the superior thyroid vessels prominently into view. 
In this way, the vascular pedicle is pulled away from the side of the larynx and 
the external laryngeal nerve, which at this level turns medially to reach the cri
cothyroid muscle. B. The superior thyroid pedicle is now clamped and divided 
without fear of catching and injuring the external laryngeal nerve. 



Completion of subtotal resection. Subtotal resection of the lobe is com- Fig. 2·36. 
pleted by clamping and dividing the remaining bridges of thyroid tissue. Bleed-
ing points on the cut surface of the gland are best controlled by cautery or 
transfixion catgut sutures (care must .be taken to avoid deep bites with the nee-
dle, which might penetrate the posterior capsule and injure the recurrent laryn-
geal nerve). All clamps affixed to the thyroid remnant are tied off with 2/0 or 3/0 
catgut or silk. 
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Fig. 2·37. The superior thyroid vascular pedicle is now secured with two suture ligatures 
of 3/0 chromic catgut, the second suture being left long with the needle at

tached. 

Fig. 2·38. 
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A. The suture is used to oversew the exposed raw surfaces of the thyroid rem
nant, anchoring the lateral rim of the thyroid capsule to the pretracheal fascia 
as shown, as a hemostatic stitch. B. The stitch returns to its starting point and 
is tied. The recurrent nerve is carefully inspected once again. If a suture has 
caught the nerve inadvertantly, that stitch must be removed. Recovery of nerve 
function should return within 6-12 weeks. 

B 
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Extended incision for node dissection . The standard collar incision for thyroid- Fig. 2·39. 
ectomy (see Fig . 1-19) is extended laterally and upward for about 1-2 inches 
along the posterior border of the sternocleidomastoid muscle. 

MODIFIED NECK DISSECTION FOR PAPILLARY THYROID 
CARCINOMA 

The classical radical neck dissection includes sacrifice of the cosmeti
cally important sternocleidomastoid muscle, the internal jugular vein, 
and often the spinal accessory nerve supplying the trapezius. The result 
is a large, disfiguring scar, an asymmetric concave depression of the 
neck, and drooping of the shoulder on that side. In an operation for 
papillary thyroid carcinoma that has involved regional cervical lymph 
nodes by metastasis (as evidenced by palpable enlargement of the 
nodes), the classical radical neck dissection is modified in such a way as 
to preserve the important structures alluded to above (Figs. 2-39 to 2-
42). The internal jugular chain of lymph nodes, together with the fascia, 
fat, and lymph nodes of the posterior triangle and the midcompartment 
of the neck, are removed-preferably in continuity, however, it would 
appear that thorough piecemeal removal of the nodes achieves the same 
results (see section, Papillary Carcinoma-Operative Strategy). 
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Fig. 2·40. The areolar space between the sternocleidomastoid and midline strap muscles 
is opened . 

Fig. 2·41. The muscles are then retracted apart to expose the underlying carotid sheath 
and internal jugular vein , the omohyoid muscle, and associated lymph nodes. 
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A 

B 

Node dissection. A. The internal jugular nodes are dissected off the vein Fig. 2·42. 
and removed en bloc with the surrounding fascia and fat. In this case several of 
the lymph nodes are obviously involved with metastatic tumor, being enlarged 
and characteristically discolored. B. Node-bearing tissue from the posterior tri-
angle is dissected in continuity with the internal jugular specimen, using thumb 
forceps. The omohyoid muscle and transverse cervical vessels may be divided 
to facilitate this part of the dissection, carefully preserving the underlying 
nerves. 
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Care should be taken to prevent injury to the vagus, phrenic, and 
spinal accessory nerves, to the internal jugular vein, and to any of the 
major lymphatic channels at the root of the neck. If either the thoracic 
or right lymphatic duct is inadvertently torn, it is better to ligate the 
main channel rather than attempt suture of the rent. 
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Surgery of the Adrenals 

The adrenal gland comprises two physiologically and embryologically 
distinct parts: the cortex and medulla. It produces a wide variety of 
hormones whose synthesis, secretion, regulation, and end effects are 
highly complex. Rather dramatic physical changes and symptoms may 
result from hormonal imbalance. 

Hyperplasia or neoplasia of the adrenal cortex produces characteris-
tic syndromes dependent on the "zone" of origin: 

Zona glomerulosa: primary aldosteronism 
Zona fasciculata: Cushing's syndrome 
Zona reticularis: virilism. 

A mixture of excess hormonal production is often indicative of an adre
nal carcinoma, whereas pure syndromes are typically associated with 
benign pathologic lesions. These conditions are relatively rare in a clini
cally overt form, although it is possible (as with primary HPT) that 
unrecognized subclinical disease may be present in a significant propor
tion of the general population. 

The adrenal medulla functions as a giant presynaptic sympathetic 
nerve ending that has the capacity to synthesize not only nor
epinephrine but also epinephrine. Tumors that arise from the adrenal 
medullary cells are known as pheochromocytomas. They secrete huge 
excesses of catecholamines to produce a characteristic spectrum of 
cardiovascular and metabolic effects. Hypertension is almost always a 
prominent feature. 

New innovations in diagnostic and localizing technology have re
fined our ability to specifically select the appropriate, and usually highly 
successful treatment for patients with adrenal pathology. A number of 
operative approaches to the adrenals have been described (i.e., 
translumbar, transabdominal, transthoracic, lateral, and loin), but most 
surgeons today use either an anterior or a posterior approach. The 
extraperitoneal posterior approach is preferred in many situations be
cause the adrenals can be exposed with relatively little dissection. Ex
tensive mobilization and retraction of viscera are not necessary, so that 
inadvertant visceral injury is uncommon and gastrointestinal function 
usually returns promptly postoperatively. Patients do not appear to 

General 
Introduction 

have the severe incisional discomfort, occasioned by coughing and deep 151 
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Fig. 3·1. Normal anatomic relationships of the adrenal glands. The glands differ 
in shape: the right is pyramidal and the left crescentic. The medial aspect of the 
right adrenal gland is often overlapped by tire inferior vena cava. 

breathing, which is so typical of abdominal wounds; pulmonary atelec
tasis and pneumonitis are therefore uncommon. Early ambulation and a 
shortened hospital stay are additional benefits. 

Operative mortality and morbidity are generally less when the pos
terior approach is elected over the anterior transabdominal route. There 
are three situations, however, in which the anterior approach to adre
nalectomy is favored: (a) when operating for pheochromocytoma it is 
important to thoroughly explore the entire abdominal cavity in order to 
rule out supernumerary extraadrenal tumors; (b) with a large adrenal 
carcinoma, the anterior approach with extension of the incision into the 
chest, if necessary, facilitates the wide exposure required to remove the 
tumor en bloc; and (c) when one must deal with other intraabdominal 
pathology the anterior route affords appropriate access. 

SURGICAL ANATOMY 

ORIENTATION 

Each adrenal gland caps the superomedial pole of its corresponding 
kidney (Fig. 3-1). The right gland is triangular in shape; the left is more 
flattened and elongated and assumes a somewhat crescentic shape. Av-
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A B 

Sagittal sections through the right (A) and left (B) adrenal glands. The Fig. 3·2. 
bare area of the liver is immediately anterior to the right adrenal. On the left, the 
adrenal is behind the lesser sac and is partially overlapped by the tail of the 
pancreas and splenic vessels. 

erage dimensions in the adult are about 5 x 2.5 x 0.5 cm and each 
adrenal gland weighs about 3-6 g, the left being slightly larger than the 
right. 

Each gland, together with the kidney, is enclosed by Gerota' s 
(perirenal) fascia and surrounded by fat. The adrenal is easily distin
guished from fat by its characteristic chrome-yellow color, firmer con
sistency, and slightly granular texture. 

Posteriorly, each gland lies in close proximity to the diaphragmatic 
crus; the kidney is inferior. Medially, the right gland is in contact with 
the inferior vena cava and often tucks behind it; the left abuts on the 
aorta. Anteriorly, the right adrenal is covered almost completely by the 
bare area of the liver; the upper half of the left adrenal is covered by 
peritoneum of the lesser sac and the lower half is covered by the pan
creas and splenic vessels (Fig. 3-2). 
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BLOOD SUPPLY 

The arterial blood supply to the adrenal comprises many small and 
medium-size twigs that enter the gland in a radiating spokelike manner 
along its entire margin and over its anterior surface. These vessels arise 
from the inferior phrenic artery above, via a small direct branch from 
the abdominal aorta medially, and from the renal artery inferiorly (Fig. 
3-3). 

The arrangement of the adrenal veins is much simpler. Almost all of 
the smaller veins channel into one large central vein that lies in the 
substance of the gland. On the right side, this vein emerges for about 1 
cm before emptying directly into the inferior vena cava. At this point, 
the cava is vulnerable to injury during the course of an adrenalectomy, 
and disastrous hemorrhage can occur unless the right adrenal vein is 
dissected and ligated with great care. The left adrenal vein is somewhat 
larger; it leaves the gland and descends obliquely to enter the left renal 
vein. Occasionally, the left adrenal vein empties into the left inferior 
phrenic vein or, less commonly, it crosses over the aorta to enter the 
inferior vena cava. 

ACCESSORY ADRENAL TISSUE 

The adrenals are really compound glands derived by the union of two 
types of tissue: the cortex is derived from the urogenital portion of the 
coelomic mesoderm and produces various adrenal steroid hormones; 
the medulla is derived from the ectoderm of the neural crest and se
cretes the catecholamines, epinephrine, and norepinephrine. 

True accessory adrenal glands, containing both cortical and medul
lary components, are exceedingly rare. However, it is not uncommon to 
find nodules of accessory cortical tissue in the periadrenal fat, and 
ectopic cortical tissue has also been described in the substance of the 
spleen, below the kidneys, and associated with the testes or ovaries. 

Chromaffin tissue resembles the tissue of the adrenal medulla and is 
derived from the same source. It is found in sites close to autonomic 
ganglia (paraganglion bodies) and along the aorta. Chromaffin tissue at 
any site may give rise to a pheochromocytoma; one of the most com
mon locations for an extraadrenal pheochromocytoma is the organ of 
Zuckerkandl, which is a chromaffin deposit on the ventral surface of the 
aorta close to its bifurcation. 

The distribution of chromaffin tissue is maximal at birth, after which 
it involutes progressively until puberty. This may explain, in part, why 
extraadrenal and multiple pheochromocytomas are more common in 
children (1). 
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Blood supply of the adrenal glands. For clarity, only the arterial blood sup
ply to the left adrenal gland is depicted (the arrangement is essentially dupli
cated on the right). Small arterial twigs are derived from three main vessels, all 
branches of the aorta, and form a striking arborization at the periphery of the 
gland. The adrenal vein on the right is short and makes a 45° angle as it passes 
superiorly to enter the inferior vena cava. The vein on the left is longer and de
scends obliquely to enter the left renal vein. Note the anterior position of the ad
renal veins as they leave the glands. 

Pheochromocytomas are rare: the estimated incidence in the hyperten
sive population is 0.1 %-1.0% (2-5). Approximately 400 new cases of 
pheochromocytoma, 40 of which are malignant, probably occur each 
year in the United States. Diagnosis is critical, as curative resection is 
possible in 90% of cases (6-8) and failure to recognize it is often lethal 
(9,10). Since the first successful resection of a pheochromocytoma in 
the United States was performed by Mayo in 1927 (11), considerable 
progress has been made in understanding the physiology and designing 
the management of these tumors, particularly in the multidisciplinary 
approach to preoperative, intraoperative, and postoperative man
agement. 

PATHOLOGY 

Pheochromocytoma has been called the" 10% tumor" because approxi
mately 10% are bilateral, malignant, extraadrenal, mUltiple, familial, 
and occur in children-although bilaterality and extraadrenal tumors in 
children occur in 25% (4,6,7,10,12-15) (Table 3-1). Extraadrenal tumors 
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Pheochromo· 
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have a higher malignancy rate of 25%-40% (7,16,17). While 80%-90% 
of pheochromocytomas arise from the adrenal medulla, they may also 
be found anywhere along the remainder of the paraganglionic system 
extending from the pelvis to the base of the skull (Fig. 3-4). The most 
common extraadrenal site is the organ of Zuckerkandl at the aortic 
bifurcation, but others occur in the urinary bladder, renal hilum, chest 
and neck (less than 1%), and even in the left atrial wall of the heart (18). 

Pheochromocytomas are vascular tumors with a thin connective 
tissue capsule. On cut section, they are usually pink-tan in color, with 
foci of hemorrhage, calcification, necrosis, and gelatinous change (Fig. 
3-5). They vary in size from very small (several grams) to very large 
(1000 g or more), averaging 100 g and a diameter of 2-4 cm (15). The 
severity of clinical symptoms does not correlate with the size of the 
tumor. In fact, according to Crout and Sjoerdoma (19), larger tumors 
are metabolically less active than smaller lesions; hence, they escape 
detection longer and grow to a considerable size before discovery. 

Microscopically, the tumor cells are arranged in a cordlike or alveo
lar pattern, with a very vascular stroma (Fig. 3-6). The cytoplasm is 
finely granular and basophilic, corresponding on ultrastructural study to 
dense-core neurosecretory granules that are believed to contain packets 
of catecholamine (Fig. 3-7). 

DIAGNOSIS 

CLINICAL FEATURES 

There is no significant sex bias and all ages may be affected. The peak 
age of onset is about 40 years. The protean clinical features of patients 
with pheochromocytoma have often caused delayed diagnosis; some 
patients have been labeled as functional or as having a psychoneurotic 
disorder until a medical catastrophe signaled the true pathology. Per
haps cases recognized clinically actually represent only the tip of an 

Fig. 3·4. Sites of extraadrenal pheochromocytomas. Most extraadrenal pheochro
mocytomas are found within the abdomen, usually in lumbar and aortic para
ganglia. 

Fig. 3·5. Well·circumscribed pheochromocytoma of the adrenal gland. Areas of 
hemorrhage, necrosis, and gelatinous change on the cut surface are character
istic. 

Fig. 3·6. Microscopic appearance of pheochromocytoma. 

Fig. 3·7. Electron microscopic appearance of two adjacent cells from a 
pheochromocytoma. The dense-core intracytoplasmic granules are believed 
to represent packets of catecholamine. x40,OOO. 
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Fig. 3·8. Salient clinical features of pheochromocytoma. Hypertension is intermit
tent in about one-half of the cases and sustained in the other half. Approxi
mately three-quarters of the patients with pheochromocytoma experience parox
ysmal symptomatic attacks. 

iceberg, as it has been suggested that for each tumor diagnosed in life, 
two are discovered at postmortem examination (9). 

The most common clinical finding is hypertension. Approximately 
one-half of the patients have persistent and sustained hypertension, 
while it is intermittent in the other half. At least 75% of all patients with 
pheochromocytoma suffer paroxysmal symptomatic episodes associ
ated with acute elevations in blood pressure (6) (Fig. 3-8). Such parox
ysms often consist of headache, palpitations, perspiration, angina, and 
tachyarrhythmias related to the unpredictable secretory release of cate
cholamines by the tumor (6,20,21). They typically last less than 15 
minutes but become more frequent as time goes on. During the attack, 
the patient may also experience flushing or pallor, vomiting, abdominal 
pain, and acute nervousness or anxiety. Death from cerebrovascular 
attacks and myocardial infarction have occurred (9,10). Symptomatic 
paroxysms usually occur spontaneously, but in some patients they can 
be precipitated by exercise, overeating, local pressure, defecation, mic
turition (seen in tumors of the bladder), sexual intercourse, and, per
haps most importantly, invasive diagnostic procedures and general an
esthesia. Orthostatic hypotension (i.e., a decrease in blood pressure 
when the patient stands) is a frequent finding in pheochromocytoma, 
and in the absence of antihypertensive medications it is virtually unique 
to this form of hypertension; it is probably the result of a marked attenu-
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Genetically associated diseases in pheochromocytoma. Familial 
pheochromocytoma (often bilateral) may occur alone or associated with neuro
ectodermal disorders, such as von Recklinghausen's neurofibromatosis, and 
with MEN-II. 

ation of normal sympathetic reflexes secondary to the excess levels of 
circulating catecholamine. 

Glucose intolerance is found in some patients with pheochromocy
toma and frank hyperglycemia may be present, particularly during a 
symptomatic attack or immediately following operative resection. 
Much of the altered carbohydrate metabolism is thought to be caused by 
the alpha-adrenergic effect of norepinephrine and epinephrine, which 
inhibits the release of insulin from pancreatic islet cells and is a stimulus 
for glycolysis. 

Pheochromocytoma is genetically associated with other endocrine 
and nonendocrine conditions in about 10% of cases (Fig. 3-9). The first 
recognized associations were in families with neuroectodermal tissue 
diseases, such as von Recklinghausen's neurofibromatosis, Lindau-von 
Hippel disease, and tuberous sclerosis (22). It also assumes a prominent 
role in the multiple endocrine neoplasia type II syndromes: MEN-lla 
(Sipple's syndrome), which is composed of medullary thyroid carci
noma, pheochromocytoma, and hyperparathyroidism; and MEN-lIb, 

Fig. 3.9. 



160 SURGERY OF THE ADRENALS 

which includes medullary thyroid carcinoma, pheochromocytoma, and 
multiple mucosal neuromas. 

Various workers have sought to explain the association of these synchronous ab
normalities in many different organs. It has been suggested that a common stem 
cell derived from the neural crest migrates into the primitive alimentary and res
piratory tracts, and then into the buds of endocrine glands derived from the fore
gut (anterior pituitary, thyroid, parathyroid, islets of Langerhans, ultimobrachial 
body, and thymus) (26). The same cells form the adrenal medulla and para
ganglia of the autonomic nervous system, melanin-producing cells in the skin, 
chemoreceptor cells, and hypothalamic nuclei that give rise to posterior pituitary 
hormones. They are described as the APUD cell series, the initials being derived 
from three characteristics: fiuorogenic Amine content, amine Precursor Uptake, 
and the presence of amino acid Decarboxylase (see also Introduction, Common 
Denominators of Endocrine Neoplasia). Further, it is supposed that these multi
potential endocrine cells retain the capacity to secrete single and multiple pep
tide hormones under the autonomy of neoplastic growth. Dysplasia of this cell 
system, whether caused by genetically defective or spontaneously occurring 
mutant genes, is one possible explanation for the syndromes of multiple endo
crine neoplasia and the ectopic production of hormones by a variety of nonendo
crine malignant tumors (26). 

A frequent association of cholelithiasis with pheochromocytomas 
has been reported in the literature (20), but the mechanism of enhanced 
gallstone formation, if such is actually the case, is unknown. Vasomotor 
instability, manifested by livedo reticularis, Raynaud's phenomenon, or 
both, is also seen. Accelerated malignant hypertension, severe conges
tive heart failure secondary to so-called catecholamine myocardopathy 
(15), ischemic enterocolitis (24), and peripheral vasoconstriction pro
ducing intermittent claudication (25) are some of the less common but 
dangerous clinical syndromes that may be associated with these tumors. 

LABORATORY STUDIES 

A hypertensive patient who complains of episodic headaches, excessive 
sweating, palpitations, or "nervous attacks" should be evaluated for 
pheochromocytoma. Likewise, those patients with paroxysmal hyper
tension-especially following trauma, surgery, or childbirth-or with a 
neurocutaneous syndrome, medullary carcinoma of the thyroid, or a 
family history of pheochromocytoma should be tested (Fig. 3-10). 

Urine Studies. The principal biochemical diagnostic modalities con
firming the diagnosis of pheochromocytoma have been the 24-hour 
urine levels of metanephrines (TMN) and vanillylmandelic acid (VMA) 
(5~8, 15) (Fig. 3-1l). 

Under normal circumstances, VMA comprises more than 75% of 
the total urinary catecholamine metabolites, TMN adds 10%, and the 
free urinary catecholamines (UCA) about 1%. The pattern of urinary 
metabolites in patients with pheochromocytoma varies. In small tumors 
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Fig. 3·10. Preoperative evalua· 
tion of pheochromocytoma. 
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Fig. 3·11. Catecholamine me· 
tabolism. 

(less than 50 g) there is rapid synthesis of catecholamines and preferen
tial excretion of free UCA in the urine. In contrast, in large tumors 
(more than 50 g) there is a slow turnover and most of the norepinephrine 
and epinephrine produced is degraded within the tumor itself, resulting 
in a relatively high excretion rate of VMA and TMN and a low rate of 
excretion of UCA (19). Strikingly elevated levels of UCA may be found 
in patients following a symptomatic paroxysmal attack. Although in the 
past colorimetric assays for VMA were unreliable due to the influence 
of certain foods and medications (5), high-pressure liquid chromatogra-
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phy and electrochemical detection yield excellent diagnostic accuracy 
(2). At present, the accuracy ofTMN is 95% (7), VMA is 89-96% (7,26), 
and UCA is about 90% (7,27). One must be cautious, however, as false
positive elevations ofTMN occur in patients taking monoamine oxidase 
inhibitors and in those who may recently have had angiographic dyes. 
With this precaution, urine TMN is certainly justified as a reliable and 
inexpensive screening test (3). 

Plasma Catecholamines. Sensitive, specific, simple, and rapid assays 
are available for measuring plasma catecholamines (28,29). A single 
plasma sample may be insufficient to confirm the diagnosis since plasma 
catecholamine levels may not be continuously elevated. Careful patient 
and sample preparation is important since many factors may influence 
these levels (30), such as exercise, severe illness, and the medication a
methyldopa. The accuracy of this method is reported to be more than 
90% (7,29). Realistically, prior to the planning of surgical exploration, 
the diagnosis should be confirmed using a combination of these diagnos
tic tests. 

Since enzymatic conversion of norepinephrine to epinephrine is virtually unique 
to the adrenal medulla, most extraadrenal pheochromocytomas are norepi
nephrine producers, and adrenal tumors produce both epinephrine and nor
epinephrine. However, there have been reports of epinephrine production by ex
traadrenal pheochromocytomas (31,32), thereby negating this information for any 
localizing value. 

Pharmacologic Tests. Pharmacologic tests, either provocative (ty
ramine, glucagon, or histamine) or blocking (phentolamine) pose a 
hazard to the patient and frequently yield misleading information 
(6,15,26). Although widely used in the past in the diagnosis ofpheochro
mocytoma, they are now rarely indicated, having been rendered virtu
ally obsolete by the direct measurement of catecholamines and their 
metabolites. Today, pharmacologic testing is usually reserved to ex
clude the diagnosis of pheochromocytoma when other biochemical 
results are equivocal. No patient should undergo surgery on the basis of 
a positive blood pressure response alone-confirmation with appropri
ate urine and blood studies is mandatory. 

PREOPERATIVE 

At this stage a definitive diagnosis of pheochromocytoma has been con
firmed. This can be primary, recurrent, or metastatic disease. Localiza
tion is the next step in the evaluation of these patients (Fig. 3-10). 

COMPUTERIZED TOMOGRAPHY 

CT has emerged as the localizing modality of choice for this disease as 
well as all adrenal tumors (7,33). Utilizing present-day, state-of-the-art 
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CT scans. A. Normal adrenal glands (arrows). The liver (L), vena cava (V), Fig. 3·12. 
aorta (A), spleen (S), and kidney (K) are identified. B. Right adrenal pheochro-
mocytoma. C. Corresponding gross specimen. 

scanners, diagnostic accuracy should approach 90%-95% (7,34,35). Ex
cept in very large and vascular tumors, CT scanning will no doubt 
replace arteriography, which is both more invasive and more hazard
ous. Of major importance, however, is the knowledge that glucagon, 
which is frequently administered by radiologists to quell bowel peristal
sis during examination with CT, should never be given to a patient with 
a pheochromocytoma as it is a potent stimulus for catecholamine re
lease. The CT scan includes the liver in order to detect metastases, and 
may also be extended to encompass the remainder of the abdomen, 
pelvis, and thorax if the screening chest x-ray is normal (Fig. 3-12). 
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Fig. 3·13. 1311·MIBG scans. A. Posterior abdominal view, with a superimposed renal 
scan, demonstrates a solitary left kidney (K), an intraadrenal pheochromocy
toma (A), and the usual liver uptake (L). B. Left: midline, extraadrenal pheoch
romocytomas (arrows). Right: renal scan shows relationship of kidneys (K). C. 
Symmetric abnormal adrenal uptake (arrows), which proved to be adrenal med
ullary hyperplasia. D. Cystic pheochromocytoma with metastases in the spine 
and rib. Left: anterior abdominal view. Right: posterior view. (Courtesy of Drs. 

ADRENAL RADIONUCLIDE IMAGING 

A recent and exciting technologic development has been the introduc
tion of the radiopharmaceutical agent 13II-metaiodobenzylguanidine 
('3II-MIBG), which is specifically taken up and concentrated in adrener
gic vesicles (36,37). Only abnormal sites of adrenergic tissue-pheo
chromocytomas, metastases, paragangliomas-show uptake of the 
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James Sisson and Norman Thompson, Ann Arbor, Michigan. Fig. 3-13.A from 
Surgery 91(4):374,1982; Fig. 3-13.8 reprinted by permission of The New En
gland Journal of Medicine 305:12, 1981; Fig. 3-13.C from Ann Intern Med 
94(6):762, 1982.) 

1311-MIBG, whereas normal adrenals fail to visualize (Fig. 3-I3). Since 
its first human application in August ]980, numerous patients with adre
nal, ectopic (including intracardiac), recurrent, and metastatic pheo
chromocytomas have been scanned using this agent in the United States 
(18) and Europe (38). Only rare false-negative scans occur. The possible 
therapeutic implications for managing metastatic pheochromocytomas 
(analogous to 1311 treatment for metastatic differentiated thyroid carci
noma) seem appealing but have yet to be delineated. 
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VENA CAVAL CATHETERIZATION AND BLOOD CATECHOLAMINE ASSAY 

Only following the exceedingly rare failure to localize with CT scan or 
13II-MIBG should vena caval sampling be necessary. As in the case of 
arteriography, full pharmacologic preparation should be instituted prior 
to caval catheterization. 

TREATMENT 

The only satisfactory treatment for pheochromocytoma is surgical re
moval. In recent years, the use of specific alpha- and beta-adrenergic 
blocking agents, both to prepare patients preoperatively and for in
traoperative control of paroxysmal hypertension and cardiac ar
rhythmias, has greatly improved the safety of operation. 

PREOPERATIVE PREPARATION 

Preoperative pharmacologic preparation is now universally accepted as 
mandatory, even for patients who are asymptomatic. Sometimes a pa
tient may develop accelerated and severe hypertension only partially 
controlled by adrenergic blocking agents (so-called acute pheochromo
cytoma). This type of tumor has been described as "physiologically 
malignant" (1). Such a hypertensive crisis can be precipitated by such 
factors as the unwary administration of drugs that stimulate catechol
amine secretion, massive spontaneous tumor necrosis, or invasive pro
cedures in the unprepared patient. These patients are at extremely high 
risk and only aggressive attempts at medical hypertensive control fol
lowed by prompt operative intervention prevent life-threatening compli
cations. 

The drug of choice for alpha blockade is phenoxybenzamine (Diben
zyline) (7,8,15,26). This drug is orally effective, has a long biologic half
life (5-8 hours), and needs to be given only two or three times daily. The 
usual starting dose is 20-40 mg/day; it is increased if necessary by 10-20 
mg/day until hypertension and other symptoms are controlled, with a 
desired end point of moderately symptomatic orthostatic hypotension. 
Treatment is usually continued for 7-14 days preoperatively (Fig. 3-14). 
Phenoxybenzamine may cause gastrointestinal distress, nasal stuffi
ness, excessive sedation, and lassitude, but it is tolerated fairly well by 
most patients. Occasionally it produces an exaggerated antihyperten
sive effect and tachycardia. This occurs when the pheochromocytoma 
secretes large amounts of epinephrine; alpha blockade unmasks the 
beta-adrenergic vasodilatation and positive chronotropic effect of epi
nephrine to cause hypotension and tachycardia. This problem is averted 
by using combined alpha and beta blockade. 

Although not uniformly accepted, propranolol (Inderal) is usually 
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Blood pressure recordings before, during, and after operation for 
pheochromocytoma. Preoperative treatment with phenoxybenzamine brings 
the blood pressure down to normal levels over a period of several days. Al
though the patient is protected by alpha-adrenergic blockade from violent par
oxysms of hypertension during manipulation of the tumor, some fluctuations of 
blood pressure may occur, as shown in this case. 

added to the regimen for 3-7 days before surgery to control and prevent 
tachyarrhythmias (7,15). Patients with pheochromocytoma appear to be 
quite sensitive to propranolol, so the starting dose is usually 30-40 mg/ 
day (given in three or four divided doses) (Fig. 3-14). Cautious incre
ments in dosage are added every 3-4 days until cardiac rhythm and rate 
are controlled. Administration should be continued through the morning 
of operation, and should be started after alpha blockade is established to 
avoid unopposed intense vasoconstriction, severe hypertension, and 
precipitate congestive heart failure. 

Other drugs, such as a-methylparatyrosine, have been used to de
crease catecholamine synthesis (14), While catecholamine synthesis can 
be significantly reduced, alpha and beta blockade are still necessary to 
avoid significant hypertensive episodes and tachycardia (39). 

Fig. 3·14. 
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INTRAOPERATIVE DRUG MANAGEMENT 

A narcotic analgesic or powerful tranquilizer has been favored for pre
anesthetic medication. Atropine should be avoided because it causes 
tachycardia. Successful anesthetic management requires skillful control 
of acute and severe hypertension, hypotension, and arrhythmias. Even 
with optimal preoperative preparation, significant swings in blood pres
sure are common. Safety is therefore optimized by intraoperative arte
rial, central venous, and perhaps pulmonary wedge pressure monitoring 
(7,40). 

Anesthesia is usually induced with intravenous thiopental sodium 
(Pentothal). Anesthesia can then be maintained by a number of agents, 
including halothane and Innovar. Enflurane has become the drug of 
choice (7,41) because it does not sensitize the myocardium to exoge
nous catecholamines, nor does it stimulate their release. The choice of 
an anesthetic agent probably has less to do with the overall safety of the 
procedure than does adequate preoperative pharmacologic preparation 
and adept intraoperative control of blood pressure and heart rhythm. 

Sodium nitroprusside, a direct peripheral vasodilator as a result of 
action on the vascular smooth muscle, is now the drug of choice for the 
management of significant hypertension (7). A solution of 50 mg in 250 
ml 5% dextrose gives a concentration of 100 Itg/ml, which then can be 
titrated as an intravenous infusion according to blood pressure re
sponse. It is a highly potent hypotensive agent with an almost immedi
ate effect that ends abruptly when the infusion is stopped (Fig. 3-15A). 
These properties are ideally suited for this intraoperative use, and this 
technique has replaced the use of bolus injections of phentolamine 
(Regitine) . 

Hypotension may occur shortly after the main adrenal vein has been 
ligated or following control of the numerous small peripheral tributaries 
as the tumor is completely resected. Contracted blood volume was 
originally blamed for the marked hypotension (42), but it is now thought 
that three different factors are responsible: (a) there is a sudden de
crease in circulating catecholamines (which intraoperatively may reach 
600 times the preoperative levels (29»; (b) the alpha-adrenergic block
ade medication is still effective; and (c) there appears to be a relative 
refractoriness to normal tone following the relief from chronic catecho
lamine stimulation of the vascular bed. Seemingly excessive fluid ad
ministration is still commonly necessary despite careful preoperative 
blockade. On occasion, the use of a pressor agent such as dopamine 
(200 mg in 250 ml 5% dextrose) may be helpful. 

Intraoperatively, the onset of premature contractions or marked 
sinus tachycardia, the most commonly encountered cardiac arrhyth
mias, usually signals an increase in blood pressure. Treatment of the 
hypertension alone is often enough to cause resolution of the cardiac 
irregularity. Repeated intravenous administrations of lidocaine (50-100 
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Intraoperative drug treatment. Blood pressure recording during operation. Fig. 3·15. 
Paroxysm of hypertension controlled by intravenous nitroprusside. This is usu-
ally not necessary with adequate preoperative alpha-adrenergic blockade. The 
decrease in blood pressure following removal of the tumor is best treated by 
volume infusion. Ventricular bigeminy converted to normal sinus rhythm by lido-
caine and by propranolol. 

mg bolus, or intravenous infusion of 1 gin 250 m15% dextrose then 1-4 
mg/min) or propranolol (0.5-1 mg IV) may be required to abolish signifi
cant ventricular arrhythmias (Fig. 3-15). The bolus effect of lidocaine is 
very transient, whereas propranolol is usually effective for 15-30 min
utes or longer. Equipment for cardioversion should be available. 

If bilateral total adrenalectomy is anticipated, preoperative steroid 
preparation is instituted. If no preparation has been used, any suitable 
intravenous corticosteroid preparation should be started in
traoperatively, be continued in adequate doses to cover perioperative 
stress, then be reduced to standard steroid replacement therapy. 

OPERATIVE STRATEGY 

Even though preoperative localization is highly reliable, the possible 
multiplicity of tumors (i.e., intraadrenal and unsuspected extraadrenal 
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(43», the need to avoid excessive tumor manipulation during operative 
dissection, and the importance of available access from diaphragm to 
pelvis necessitate the transabdominal approach for pheochromocy
toma. Upon achievement of excellent safe exposure, the main adrenal 
vein is controlIed. The tumor should be manipulated as little as possible, 
even after the hilar vein is controlled, as smalIer tributaries are fre
quently present and hypertensive crises can stilI occur. After the tumor 
has been removed, the abdominal cavity is systematicalIy explored; 
particular note is taken of any evidence of metastases, contralateral 
adrenal tumor, or extraadrenal tumors. 

When a pheochromocytoma is intraadrenal, the entire gland is re
moved. There have been several instances in which apparently benign, 
encapsulated tumors have been spread locally by inadvertant rupture of 
the tumor during dissection (44). For the same reasons, the authors 
usually prefer bilateral total adrenalectomy when bilateral tumors are 
present. Operative mortality should be 5% or less (7). 

POSTOPERATIVE MANAGEMENT AND RESULTS 

Measurement ofTMN, VMA, UCA, and plasma catecholamines is very 
important after an interval of several days postoperatively. These levels 
should return completely to normal if alI tumor has been removed. In 
this way, residual or metastatic tumor may be detected, and baseline 
values are recorded for future comparisons. Levels of UCA, VMA, and 
TMN excretion should be checked at 6-month intervals for about 2 
years and yearly thereafter for an indefinite period. The possibility of 
future tumor recurrence can never be entirely discounted. 

Following resection of benign pheochromocytomas, 95% of patients 
with paroxysmal and 67% of those with sustained hypertension become 
normotensive; the others are managed with conventional antihyperten
sive programs (7). The actuarial survival curve for those with benign 
pheochromocytoma is comparable to the expected survival in age- and 
sex-matched controls. 

MALIGNANT PHEOCHROMOCYTOMA 

Malignant pheochromocytoma is a rare and challenging tumor to accu
rately diagnose, localize, and treat. The clinical presentation of a pri
mary, recurrent, or metastatic pheochromocytoma is virtually indistin
guishable from its benign counterpart. Paroxysmal attacks of 
hypertension and concomitant symptoms of catecholamine bursts as 
well as sustained hypertension have been recorded (43). Metastatic or 
recurrent tumor is usually functional and the urinary biochemical diag
nostic tests often presage tumor recurrence. The median time lapse 
between initial operation and recurrence was 5.6 years in one study (6); 
thus long-term follow-up is advisable. 
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Even on retrospective review, the distinction between a malignant 
and benign primary adrenal tumor is often impossible. Mitotic figures 
and vascular and capsular invasion can be readily identified in both 
benign and malignant neoplasms. Malignancy can be positively diag
nosed only when metastases to non-chromaffIn-bearing tissue, such as 
liver, lung, nodes, or bone (most commonly as lytic bone metastases) 
have been confirmed (6,14, IS). In the past, invasive localization utiliz
ing "vena caval search" was necessary; CT and 131I-MIBG have revolu
tionized this task (1S,37,45). 

Radical en bloc resection of the tumor and lymph nodes (6,7,14), re
resection of recurrences, and palliative debulking of functioning metas
tases presently constitute the best accepted, although sometimes subop
timal, treatment. Alpha and beta blockade together with the synthesis 
inhibitor a-methylparatyrosine offer palliative symptomatic relief. Che
motherapy has been disappointing, but radiotherapy may effect signifi
cant palliation, especially from painful osseus metastases (43,46). 

Five-year survival of patients with adrenal malignancies averages 
40% (6,7,14), whereas the prognosis for those with malignancies of 
extraadrenal origin is much less favorable (14). 

PHEOCHROMOCYTOMA DURING PREGNANCY 

Pregnancy complicated by pheochromocytoma is extremely dangerous 
for both mother and fetus. Unfortunately, the diagnosis of pheochromo
cytoma is established antepartum in only one-third of these patients 
(47). Even when the diagnosis is established during pregnancy, maternal 
and fetal mortalities are 17% and 40%, respectively, whereas these rates 
soar to 58% and 50% when the disease remains unsuspected (4S). Uri
nary catecholamines are normal during pregnancy. Even though rare, 
the disastrous complications of pheochromocytoma during pregnancy 
seem to warrant urinary TMN screening of hypertensive patients. 

When this problem is encountered during the first or second trimes
ter, the first priority is maternal safety. Prompt surgical excision after 
appropriate preoperative blockade is usually undertaken (21,49). Inthe 
third trimester, adrenergic blockade is instituted and full-term cesarean 
section and synchronous tumor excision are recommended. These are 
general guidelines; each case must be individually considered with close 
collaboration of the obstetrician, pediatrician, radiologist, endocrinolo
gist, anesthesiologist, and surgeon. 

PHEOCHROMOCYTOMA IN MEN-II SYNDROMES 

Pheochromocytomas that develop in patients with MEN-II syndromes 
follow a capricious course: sometimes they remain subtle, yet they may 
unpredictably evolve into a malignancy or present as a lethal, hyperten
sive crisis (50,51). Once unequivocally positive biochemical tests docu-
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Primary 
Aldoste

ronism 

ment the presence of pheochromocytoma, bilateral adrenal medullary 
disease is invariably present (36,52). One finds either pheochromocyto
mas or bilateral adrenal medullary hyperplasia-analogous to the pre
cursor, C-cell hyperplasia of medullary thyroid carcinoma. Bilateral 
total adrenalectomy is recommended in these circumstances (36,53,54). 

Primary aldosteronism is a surgically correctable type of hypertension 
found in 1 %-2% of all hypertensive patients (55-57). It is characterized 
by autonomous, excessive aldosterone secretion, which causes sodium 
retention, potassium wasting, hypertension, and suppression of plasma 
renin activity (PRA). Five subgroups of the syndrome have emerged: 

1. Aldosterone-producing adenoma (APA) 
2. Idiopathic hyperaldosteronism due to bilateral adrenocortical hy-

perplasia (IHA) 
3. Aldosterone-producing adenocarcinoma 
4. Glucocorticoid-remediable hyperaldosteronism (58,59) 
5. "Indeterminate" hyperaldosteronism. 

Only APA and IHA are of practical significance. Aldosterone-producing 
adenocarcinoma is very rare, as is the glucocorticoid-remediable form; 
the latter is most often seen in young males or a few kindreds, and it is 
curable with oral corticosteroids. 

Secondary aldosteronism, or hyperreninemic hyperaldosteronism, 
typified by renal artery stenosis, is characterized by a decreased renal 
artery perfusion pressure and flow, which stimulates renin secretion by 
the juxtaglomerular apparatus and leads to increased angiotensin and, 
ultimately, elevated aldosterone. Thus, the two forms of hyperaldo
steronism can be clearly differentiated by determining the PRA: renin is 
low in primary and high in secondary aldosteronism. 

PATHOLOGY 

Controversy abounds in endocrine surgery surrounding the vague dis
tinctions between adenoma and hyperplasia. Primary aldosteronism is 
no exception. A clear separation of IHA and AP A is sometimes diffi
cult, and even categories of multiple adenomas and macronodular hy
perplasia have been introduced, raising the possibility that the clinical 
syndrome is produced by an entire spectrum of pathology. To add con
fusion, it is well known that an APA and definite hyperplasia of the zona 
glomerulosa can coexist in the same adrenal gland (60-62). "Nonfunc
tioning" nodules may also accompany an APA and share similar gross, 
light, and electron microscopic features (63). To provide unequivocal 
identification, in vitro studies to determine if the nodule can produce 
aldosterone are necessary. Only an APA produces aldosterone; non-
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Aldosteronoma. A. Gross appearance. The color is distinctive. Most of these Fig. 3·16. 
tumors are less than 2 cm in diameter. B. Large lipid-laden clear cells of an 
APA on histologic section. 
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Bilateral nodular hyperplasia causing primary aldosteronism. A. Adre- Fig. 3·17. 
nal from a patient with IAH. Several macronodules are easily visible. B. Histo-
logic appearance of a nodule. 

functioning nodules cannot (63,64). Given the inexact pathology, APAs 
seem to represent 50%-75% of the cases of primary aldosteronism; IHA 
constitutes the other 25%-50%. Carcinoma is extremely rare. 

A typical APA is small (three-quarters measure 8-20 mm in diame
ter), solitary, well demarcated, and distinctively golden yellow (Fig. 
3-16A). It may project from the surface of the adrenal or be wholly 
intraglandular and visible only after the gland has been removed and 
sectioned. Several different histologic cell patterns exist, but the most 
frequent consists of large lipid-laden cells arranged in small cords or 
acini and separated by fine connective tissue trabeculae (Fig. 3-16B) . 

With IHA, both adrenal glands show diffuse or nodular hyperplasia 
of the zona glomerulosa (Fig. 3-17). When a macronodule is present 
within a hyperplastic gland and is visible to the naked eye it may be 
extremely difficult to distinguish from a small AP A. 
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Fig. 3·18. Pathophysiology and major clinical features of primary aldosteronism. 

DIAGNOSIS 

CLINICAL FEATURES 

Malignant hypertension is rarely present (65), but moderate to severe 
hypertension is common (60,61,66), and cardiac (61,65), vascular 
(61,67), and renal (60,65) complications provide impetus for early diag
nosis and treatment. Conn (68) first recognized the associated constella
tion of symptoms, including muscle weakness, polydipsia, polyuria, 
nocturia, muscle cramps, and headache attributable to the hypokalemia 
and hypertension (Fig. 3-18). Primary aldosteronism is more common in 
women, and the mean age at diagnosis is 40-50 years (61,66,69). 

LABORATORY STUDIES 

The diagnosis of primary aldosteronism can be subdivided into three 
stages: screening; confirming the diagnosis; and differentiating AP A 
from IHA (Fig. 3-19). 
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Evaluation and treatment of patients with primary aldosteronism. 

Screening. Unprovoked hypokalemia in hypertensive patients is the 
usual trigger to further investigation. Used as the sole screening test, 
however, it may miss 20% of patients with primary aldosteronism 
(57,70). A convenient, sensitive, reliable, and cost-effective screening 
test has yet to be developed. A plasma aldosterone to PRA ratio of 
greater than 400 has been reported as highly accurate in identifying 
patients with APA (71). Its widespread use awaits further confirmation. 

Fig. 3·19. 
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Fig. 3·20. Plasma aldosterone concentration and PRA after 2 hours of erect po· 
sition. A high plasma aldosterone concentration combined with a low PRA is 
characteristic of primary aldosteronism. 

The following subgroups have been identified as possessing suffi
cient probability of having the disease to warrant further workup (72): 

t. Those who have episodic or persistent hypokalemia (serum po
tassium less than 3.6 mEq/liter) 

2. Those who become hypokalemic shortly after thiazide diuretic 
therapy is initiated 

3. Those who become hypokalemic after ingesting large amounts of 
sodium chloride. 

Confirming the Diagnosis. Primary aldosteronism is the only recog
nized condition that produces high secretory rates of aldosterone and 
low serum renin levels in a patient who is hypertensive. Thus, the 
diagnostic aim is to prove unsuppressible hyperaldosteronism and PRA 
that cannot be stimulated (Fig. 3-20). 

Low serum potassium reflects the renal effects of excess aldoste
rone-namely, elevated urinary potassium excretion. Initial tests, there
fore, should include 24-hour urine collections for sodium, potassium, 
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Differentiating APA from IHA by postural response studies. Levels of al- Fig. 3·21. 
dosterone decrease in patients with APA when upright from 8 a.m. until noon. 
Aldosterone levels increase in patients with IHA in a similar setting. 

and aldosterone. A serum potassium less than 3 mEq/liter with a con
comitant urinary potassium excretion exceeding 40 mEq/liter is highly 
suspect for primary aldosteronism (73). An elevated urinary aldosterone 
level lends further support to the diagnosis. 

A subnormal PRA in the face of an acute diuresis, induced by 80 mg 
of furosemide orally and the assumption of an upright posture for 4 
hours, is strong evidence in support of primary aldosteronism (74,75). 

Failure to suppress aldosterone secretion by intravascular volume 
expansion is the fundamental basis for establishing the diagnosis. 

This test is best carried out by administering the following: 

1. High sodium chloride diet (9 g) for 3 days 
2. Fludrohydrocortisone (Florinef), 0.5 mg/day for 3 consecutive days (de

oxycorticosterone, 10 mg 1M in two doses administered 12 hours apart, 
may be substituted for F1orinef). 

Plasma aldosterone and 24-hour urine aldosterone levels are then determined. 

If the results of the PRA stimulation test and aldosterone suppres
sion tests demonstrate that the aldosterone levels remain elevated in the 
face of volume expansion, and that the PRA is not stimulated by acute 
diuresis, the diagnosis is confirmed. 

Differentiation of APA and IHA. The development of a highly reliable 
and accurate radioimmunoassay for plasma aldosterone (76) and ad
vances in our understanding of the renin-angiotensin-aldosterone axis 
have laid the foundation for a quick, reliable, and relatively inexpensive 
method to differentiate AP A from IHA. Ganguly et al. (77) introduced 
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Table 3·2. Differentiation and Localization of Primary Aldosteronism 

Preparation 
Liberal sodium intake for 5 days 
No antihypertensive drugs for 2 weeks (no spironolactone for 6 

weeks) 

Day 1 
Admit to hospital for overnight recumbency 
Overnight IV saline infusion (with or without additional K+) 

Day 2 
8 a.m. (recumbent): 

Draw blood for aldosterone, cortisol, renin, K+ 
Begin 24-hour urine for aldosterone, Na+, K+, Cr, KGS, and 17-KS 
Give furosemide, 40-80 mg PO 

12 noon (upright): Draw blood for aldosterone, cortisol, renin, K+ 
Afternoon: CT scan of adrenal glands 

Day 3 
Complete 24-hour urine collection 
Discharge in morning 

the concept and others (61,78,79) confirmed that postural response stud
ies tend to distinguish APA from IHA. 

Levels of plasma aldosterone decrease in patients with APA when they are up
right between the hours of 8:00 a.m. and 12 noon, reflecting their responsiveness 
to the inherent circadian rhythm of plasma adrenocorticotropic hormone 
(ACTH). In contrast, aldosterone levels increase in patients with IHA under 
similar conditions, owing to their hypersensitivity to angiotensin II. Even a 
slight increase in angiotensin II, reflected by PRA, seen with upright posture 
causes a significant increase in plasma aldosterone (80) (Fig. 3-20. 

APA and IHA can thus be clearly differentiated in approximately 75%-
85% of patients within as little as 36 hours of hospitalization (61) (Table 
3-2). 

PREOPERATIVE LOCALIZATION STUDIES 

CT scanning and adrenal scintigraphy using 1311-6f3-iodomethylnoreho
lesterol (NP-59) with dexamethasone suppression have almost com
pletely superseded other localizing modalities. Current, state-of-the-art 
CT scanners are able to detect adenomas less than I em in diameter 
(81,82), require low radiation doses, are widely available, and are well 
accepted by the patient because they are noninvasive. The normal adre
nal can be visualized in up to 95% of patients (83) and an APA can be 
localized in 75%-90% (61,82,84). This technique has thus become the 
localizing technique of choice. 
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Noninvasive localization studies in primary aldosteronism. A. CT scan Fig. 3·22. 
of right adrenal aldosteronoma. B. Corresponding gross specimen . C. NP-59 
scan (posterior view) with renal scan subtraction (K), which shows a right adre-
nal aldosteronoma (arrow). D. Corresponding gross specimen . (Scale is in cen-
timeters.) 

Of nearly equal accuracy but encumbered by higher radiation doses, 
more extensive patient preparation, and less convenience, NP-59 with 
dexamethasone suppression (61,85,86) is the second choice. This nonin
vasive technique employs radioactively labeled cholesterol, which is 
detected by gamma camera tomography. The NP-59 is injected intra
venously and subsequently incorporated by the adrenal cortex for use in 
the synthesis of the various steroid hormones. Photoscans after injec
tion of the radioiodine reveal a hot spot at the site of an APA. Patients 
with IHA ideally exhibit diffuse bilateral uptake, ranging from mini
mally to -moderately intense imaging. Dexamethasone inhibits the up
take of labeled cholesterol by hyperplastic glands but does not interfere 
with the uptake by an APA. CT scan and NP-59 scintigraphy should be 
regarded as complementary, not exclusive tests (Fig. 3-22). 
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Although bilateral adrenal venous sampling is quite accurate in 
some hands (60,87), the results are highly variable. Variations in aldo
sterone levels secondary to catheter slippage or dilutional effects have 
been minimized by determining aldosterone to cortisol ratios for each 
adrenal venous sample. This technique, however, is potentially danger
ous when combined with venography (88) (Fig. 3-23A) and is invasive, 
expensive, and technically demanding. Only when CT and adrenal ra
dioisotope scanning fail in localization should this modality be consid
ered (Fig. 3-23B). 

Arteriography is rarely needed; at present it is performed only to 
delineate the arterial supply in large or malignant tumors. Its reliability 
is considerably diminished when it is used to detect small tumors (61). 
Aldosterone-producing adrenal malignancies are very rare, and tumors 
larger than 3 cm are uncommon, most being less than 2-2.5 cm in 
diameter (66,84). 

TREATMENT 

Current treatments in part reflect considerable knowledge accrued from 
surgical treatment of all patients with primary aldosteronism in earlier 
years. Recognition of the separate pathologic entities of APA and IHA 
and correlation of their different clinical results have revealed the fol
lowing: unilateral total adrenalectomy offers excellent relief of symp
toms, and either cure or significant amelioration of hypertension in at 
least 80%-90% of patients with an APA (60-62,66). In contrast, surgical 
treatment, including subtotal adrenalectomy, has been disappointing in 
patients with IHA (61,62,70,89) with response rates ranging from 22% 
(60) to 54% (61). Therefore, spironolactone and Amiloride have become 
the first-line treatments in this subset of patients (60,61,90). Spironolac
tone, either alone (in doses of 100-400 mg/day) or in combination with 
other antihypertensives, has usually been quite effective in both symp
tomatic and hypertensive control. However, side effects, in particular 
gynecomastia and impotence in males, may make the drug unaccept
able. A suitable alternative is Amiloride, a potassium-sparing diuretic 
with a different mechanism of action, whose use alone or with other 
antihypertensives has been described clinically (91) at a dosage of 40 
mg/day. 

For preoperative preparation, spironolactone may be given for 1-2 
weeks prior to operation. It facilitates potassium repletion (oral supple
ments of about 50 mEq/day) and substantially corrects the hyperten
sion. The incidence of operative and postoperative complications, such 
as cardiac irregularities and paralytic ileus, are thought to be thereby 
reduced. 

In patients with an APA, a unilateral total adrenalectomy is the 
preferred surgical management. The posterior approach has been 
shown to be superior to the anterior, transperitoneal option as it is 
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Invasive localization studies in primary aldosteronism. A. Intraadrenal Fig. 3·23. 
hemorrhage caused by dye extravasation during the course of adrenal veno-
graphy. B. Bilateral adrenal vein catheterization technique for sequential sam-
pling of the left and right adrenal venous effluent and plasma aldosterone assay. 
The technique lateralizes hyperfunction to one side in the case of an APA, and 
to both sides in IHA. (Adapted from Melby JC et al: Diagnosis and localization of 
aldosterone-producing adenomas by adrenal-vein catheterization. N Engl J Med 
277:1051, 1967.) 

accompanied by shorter hospitalization and decreased morbidity and 
mortality (92). Among patients with IHA, surgical intervention is indi
cated only in those rare patients who have failed or cannot tolerate 
medical therapy. 

Postoperatively, serum electrolytes usually return to normal within 
a day or so, and blood pressure reverts to normal within a matter of 
weeks. The theoretical suppression of the contralateral zona glomeru
losa has not been appreciated as a clinical problem. 

Cushing's syndrome refers to the constellation of symptoms and signs 
resulting from persistent elevation of plasma glucocorticoid. The most 
common present cause is the excessive exogenous administration of 
glucocorticoid medications. Cushing's disease, first described in 1932 
(93), is this syndrome when caused by excess pituitary ACTH secretion 
("pituitary Cushing's"). Up to 50% of patients with untreated Cush
ing's syndrome may die within 5 years (94); however, if the underlying 
cause is treated, there is no malignancy, and plasma cortisol is carefully 

Cushing's 
Syndrome 
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Cushing's syndrome 

controlled, these patients probably may expect a normal life span (95). 
The clinical presentation alone may frequently solidify the diagnosis, 
but more subtle or atypical cases demand extensive investigation. Such 
factors as depression or stress can elevate serum cortisol. "Pseudo
Cushing's" syndrome has been described in alcoholic patients: the clini
cal features and biochemical tests unequivocally support the diagnosis 
of Cushing's syndrome, but the syndrome completely resolves with 
abstinence from alcohol (96,97). In addition to a confirmed diagnosis, 
identification of the specific etiologic source of Cushing's syndrome is 
critical in planning appropriate therapy. 

CLASSI FICATION 

There are three main causes of Cushing's syndrome (Fig. 3-24): pitui
tary-dependent Cushing's disease accounts for 65%-70% of cases, ad
renal adenomas or carcinoma cause approximately 20%, and ectopic 
ACTH production by nonadrenal, nonpituitary tumors leads to 5%-10% 
(98). To these should be added the rare condition of non-ACTH-depen
dent bilateral adrenal hyperplasia (14). 
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Bilateral adrenal hyperplasia causing Cushing's syndrome. A. Gross Fig. 3·25. 
specimen. Glands are enlarged and rounded. B. Microscopic specimen. The 
cortex is broadened with compact cell zona reticularis forming the inner one-
half and clear cell zona fasciculata forming the outer zone. 

~ Causes of Cushing's syndrome. Bilateral adrenocortical hyperplasia is pro- Fig. 3·24. 
duced by the increased secretion of ACTH either by the pituitary (Cushing's dis-
ease) or by an ectopic tumor (ectopic ACTH syndrome). Adrenocortical adeno-
mas and carcinomas can both lead to the secretion of excess cortisol. CRF: 
corticotropin-releasing factor. 

PITUITARY 

Our understanding of the pathology, localization, and appropriate treat
ment has evolved considerably since the discovery and clinical intro
duction of cortisone by Kendall and Hench allowed successful manage
ment of patients treated for Cushing's disease. While the pituitary was 
recognized as the source of the problem, the standard, most effective, 
and widely accepted form of treatment was bilateral total adrenalec
tomy (99) (Fig. 3-25) after which the patient was totally dependent on 
glucocorticoid and mineralocorticoid replacement therapy. In an at
tempt to avert this problem, subtotal adrenalectomy was tried (100). 
Unpredictable remnant function with high recurrence rates of Cushing's 
syndrome led to the abandonment of this procedure. Radiotherapy to 
the pituitary reflected efforts to redirect treatment at the etiologic 
source and avert Nelson's syndrome (hyperpigmentation and pituitary 
tumors that "develop" following total adrenalectomy for bilateral adre
nocortical hyperplasia) (101). This was effective in only about 20% of 
cases (99), in part due to techniques that are now outmoded. With the 
introduction and refinement of transsphenoidal selective resection of 
microadenomas (102), the focus has been sharpened on the pituitary 
(Fig. 3-26). 
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Fig. 3·26. Pituitary: Normal and Cushing's Disease. A. Typical cell distribution of 
the normal pituitary gland. Yellow, neurohypophysis; PRL, prolactin; GH, growth 
hormone; TSH, thyroid-stimulating hormone; ACTH, adrenocorticotropic hor
mone located in the midline " mucoid wedge" of the adenohypophysis. B. 
Immunoperoxidase staining (for ACTH) of the normal pituitary "mucoid wedge." 
C. Hematoxylin and eosin staining of Cushing's adenoma: mildly basophilic 
cytoplasmic staining. D. Periodic acid-Schiff staining of Cushing's adenoma: 
characteristic positive cytoplasmic staining. E. Immunoperoxidase staining of 
Cushing's adenoma: characteristic positive cytoplasmic staining. F. Electron 
micrograph of Cushing's adenoma cell. Note modest variation in granule size, 
shape, and electron density as well as presence of cytoplasmic type 1 microfila
ments (arrows). 
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Fig. 3·27. Adenoma causing Cushing's syndrome. A. Gross specimen. This is a typi
cal yellow, encapsulated tumor. B. Microscopic specimen. The adenoma con
sists of large clear cells. 

Physiologically, one may regard pituitary Cushing's (Cushing's dis
ease) as an elevation in the set point of ACTH release rather than the 
pituitary functioning totally autonomously. The pituitary is still respon
sive to steroid suppression (albeit in high doses) and metyrapone stimu
lation-perhaps implicating hypothalamic corticotropin-releasing factor 
(CRF) in the genesis of the disease. At least in part, the hypothesis 
implicating CRF forms the basis for the use of central nervous system
active treatment medications such as bromocriptine and cyprohepta
dine. Studies with the recently isolated and synthesized mammalian 
CRF may clarify the role of CRF in Cushing's disease (103). 

ADRENAL 

Cushing's syndrome produced by benign adrenal adenomas (Fig. 3-27) 
is more common than that caused by carcinomas in adults (Fig. 3-28). In 
contrast, carcinoma is by far the more common cause in children. As in 
many endocrine tumors, the pathologic distinction of adenoma versus 
carcinoma is sometimes quite difficult, the only definitive characteristic 
of malignancy being the presence of metastases. 

ECTOPIC ACTH SYNDROME 

In 1962, Liddle et al. (104) coined the term "ectopic ACTH syndrome" 
which referred to adrenocortical hyperplasia caused by ectopic ACTH 
production by nonadrenal, nonpituitary tumors. The overall incidence 
is commonly noted as 5%-10% (98,105), but this is probably a gross 
underestimation. In one series of patients with oat cell bronchial carci
nomas, one-half demonstrated unsuppressible, elevated evening plasma 
cortisol levels (106). The tumors most commonly associated with ec-
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Adrenal carcinoma causing Cushing's syndrome. A. Gross specimen. Fig. 3·28. 
These tumors are usually large; the cut surface shows broad areas of hemor-
rhage and necrosis. B. Microscopic specimen. Most carcinomas are a mixture 
of compact and clear celis. 

topic ACTH secretion are part of the APUD cell system, including the 
following: thymoma; islet cell tumors of the pancreas; carcinoid tumors 
of the lung, pancreas, stomach, and ovary; medullary thyroid carci
noma; pheochromocytoma; and the principal one, oat cell bronchial 
carcinoma (107,108). If the tumor is benign (e.g., a bronchial carcinoid), 
removal is curative. However, most of these tumors are malignant, and 
the patient may die of the primary disease before becoming overtly 
cushingoid. Cushing's syndrome has also been reported in patients 
whose tumors presumably elaborate CRF (109). 

NON-ACTH-DEPENDENT BILATERAL ADRENAL HYPERPLASIA 

This disease entity is quite rare but is noteworthy in that it sometimes 
affects children and teenagers and may be associated with severe os
teoporosis (110). Pathologically, the diagnostic features include bilateral 
non-ACTH-dependent nodular hyperplasia with intervening atrophic 
adrenal cortex in normal-sized adrenal glands. This suggests primary 
adrenal pathology, and bilateral total adrenalectomy is the recom
mended curative procedure (14). 

DIAGNOSIS 

Definitive diagnosis and precise localization utilizing both biochemical 
and radiologic techniques are pivotal in selecting the appropriate surgi
cal approach. 
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Fig. 3·29. Major clinical features of Cushing's syndrome. 

CLINICAL FEATURES 

The major clinical features of Cushing's syndrome are shown in Figure 
3-29. Cushing's disease affects women four times more often than men; 
it usually presents between the ages of 30 and 40 years (109,111,112). 
The most common clinical manifestation-obesity-is characteristi
cally limited to the head, neck, and trunk, in sharp contrast to the thin , 
muscle-wasted arms, legs, and buttocks (14). This peculiar centripetal 
truncal fat distribution ordinarily distinguishes the patient with Cush
ing's syndrome from the one with simple, generalized obesity. 

The skin may be atrophic and the face plethoric with prominent 
vessels, and there may be purplish striae on the abdomen, hips, flanks, 
breasts, and across the axillae. Capillary fragility is increased in Cush
ing's syndrome, and most patients describe skin bruising after minimal 
or unnoticed trauma. Not unexpectedly, wound healing is notoriously 
poor in these individuals (113,114). Acne of the face and trunk, hir
suitism, and oligomenorrhea are helpful diagnostic signs in women; if 
virilism is pronounced, an adrenal carcinoma should be suspected. 
Males may manifest decreased libido and some have testicular softening 
and gynecomastia. Some degree of proximal muscle weakness and 
wasting is present in most patients with Cushing's syndrome. Os-
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Laboratory tests to determine the etiology of Cushing's syndrome. 

teoporosis also is very common, and patients may present with patho
logic fractures of the ribs or long bones, and especially vertebral body 
collapse. 

A high incidence of hypertension has been noted, but it is rarely 
severe. Similarly, most patients have some degree of glucose intoler
ance, but frank diabetes with ketosis is distinctly uncommon. A com
plete spectrum of psychiatric illness, ranging from mild depression to 
major psychosis may be seen; mental disturbances are probably more 
common than is generally recognized. In patients with ectopic ACTH 
production, the typical clinical manifestations often are overshadowed 
by the weight loss and generalized tissue wasting secondary to ad
vanced malignancy. 

LABORATORY STUDIES 

General plasma biochemical studies are not diagnostically helpful, al
though severe hypokalemia is a clue to the diagnosis of ectopic ACTH 
syndrome (115). Laboratory studies specific for Cushing's syndrome 
may be categorized as tests for screening, definitive diagnosis, and dif
ferential diagnosis (Fig. 3-30). 

Fig. 3·30. 
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Screening. The plasma cortisol (corticosteroid) levels and diurnal 
rhythm can be used to screen patients. In normal subjects, the secretion 
of cortisol and ACTH follows a relatively predictable diurnal pattern: 
plasma levels are maximal upon awakening and minimal in late evening. 
In Cushing's syndrome, this circadian rhythm is lost: the cortisol levels 
remaining elevated throughout the day (Fig. 3-31). Although there is 
significant overlap in morning levels of normal and Cushing's patients, 
samples drawn at midnight (excluding severely ill or alcoholic patients) 
are highly discriminating, with fewer than 5% of normals having ele
vated levels (116). 

The urinary excretion levels offree cortisol and metabolites are also 
useful for screening. The 24-hour urinary excretion levels of 17-hy
droxycorticosteroids (l7-0HCS), ketogenic steroids (KGS), and 17-ke
tosteroids (l7-KS) have, for years, been a mainstay in the laboratory 
diagnosis of Cushing's syndrome. Although normal values may occur in 
Cushing's patients and elevated values may occur in normal patients, 
these baseline studies are very valuable in the evaluation of the individ
ual patient. Elevated 24-hour urinary free cortisol (UFC) excretion is 
highly suggestive of Cushing's syndrome; false-negative and false-posi
tive results are obtained in only 5% of the studies (116). This is an 
excellent screening test. 

The I-mg overnight dexamethasone suppression test is a reasonably 
reliable, simple, outpatient screening test. 

The patient is given I of dexamethasone by mouth at I I p.m. The following 
morning, at 8 a.m., the plasma cortisol level is drawn. 

In normal patients, the clearly low cortisol level reflects the suppressed 
pituitary-adrenal axis. Fewer than 2% of Cushing's patients are sup
pressed normally (116); however, a significant number of obese, de
pressed, alcoholic, or chronically ill patients fail to show suppression. 

Definitive Diagnosis. When Cushing's syndrome is suspected either 
clinically or by biochemical screening tests, appropriate confirmation 
employing the low-dose dexamethasone suppression test becomes nec
essary. 

The patient receives 0.5 mg dexamethasone orally every 6 hours for 2 consecu
tive days. On the second day, the 24-hour urine collection is sent for 17-0HCS, 
17-KS, KGS, and UFC determinations. 

With rare exceptions, normal subjects demonstrate suppressed urinary 
levels (as defined by each laboratory), but levels from patients with 
Cushing's syndrome are not suppressed normally (117). This test is 
highly reliable in making a definitive diagnosis of Cushing's syndrome. 

Differential Diagnosis. As has been stated, establishing the etiology of 
Cushing's syndrome is critical to subsequent therapy. These tests are 
based on the fact that, in general, adrenal tumors and ectopic ACTH-
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Plasma cortisol rhythms. Plasma cortisol rhythms in normal subject and in 
two patients with Cushing's syndrome. The normal diurnal variation in plasma 
cortisol concentration is lost in Cushing's syndrome. One milligram of dexa
methasone given at 11 p.m. suppresses the 8 a.m. plasma cortisol level in nor
mal subjects but not in patients with Cushing's syndrome. 

secreting tumors function autonomously and are virtually unaffected by 
hormonal manipulation. In contrast, the feedback mechanism in pitui
tary Cushing's is functioning, although it is abnormal. 

The high-dose dexamethasone suppression test is conducted as 
follows: 

The patient is given 2 mg dexamethasone orally every 6 hours for 2 consecutive 
days (rarely extended to 3 days). On the second day, the 24-hour urine collec
tion is sent for 17-0HCS, 17-KS, KGS, and UFC determinations. Results are 
compared to baseline urinary studies obtained prior to any dexamethasone ad
ministration. 

When pre- and postsuppression urinary values are compared, nearly all 
patients with adrenal tumors fail to suppress to 40% of baseline; how
ever, most patients with pituitary Cushing's suppress to at least 40% of 
baseline (117). As many as 15% of patients with Cushing's disease may 
require higher (16 or 24 mg/day) doses of dexamethasone to suppress. 
(Some patients with presumed ectopic CRF production show substan
tial suppression of steroid production with a high dose of dexameth
asone.) 

The keystone to the valuable plasma ACTH assay is a sensitive and 
reliable assay technique. Patients with Cushing's disease or ectopic 

Fig. 3·31. 
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ACTH syndrome have easily detectable plasma ACTH levels, those 
with ectopic ACTH syndrome often have levels that are markedly ele
vated. Adrenal tumors produce cortisol, causing suppression of pitui
tary ACTH secretion, and the measured plasma ACTH level is ex
tremely low. 

The metyrapone test is based on the fact that metyrapone princi
pally blocks the final metabolic step (11-{3-hydroxylation) in the biosyn
thesis of cortisol, causing plasma cortisol levels to fall. 

For the overnight metyrapone test, the patient is given 3 g metyrapone as a sin
gle dose at midnight. Plasma cortisol and II-deoxycortisol are obtained both be
fore and the day after metyrapone is given. 

The standard, although less frequently used, metyrapone test is performed by 
giving 750 mg metyrapone every 4 hours for six doses. Urine collections for 17-
OHCS, 17-KGS, and 17-KS are obtained on the day before, the day of, and the 
day following the administration of metyrapone. 

In normal subjects and patients with Cushing's disease, the reduction in 
plasma cortisol is "sensed" by the pituitary, and ACTH secretion is 
increased. This, in turn, promotes increased synthesis of deoxycortisol 
(compound S, which has no suppressive action on pituitary ACTH se
cretion)-the immediate precursor of cortisol. Increased compound S 
production is reflected in either increased serum levels or increased 
urinary excretion of 17-0HCS or KGS. If urinary values or serum com
pound S levels fail to rise in a properly administered metyrapone test, 
the diagnosis of Cushing's disease is virtually excluded. In contrast, 
patients with Cushing's syndrome due to adrenal neoplasm or ectopic 
ACTH syndrome usually do not show an increase in 17-0HCS excre
tion with metyrapone. 

PREOPERATIVE LOCALIZATION STUDIES 

Localization studies are frequently delayed until biochemical results 
offer an appropriate direction, but they may facilitate an earlier, defini
tive diagnosis (118). N ephrotomography, selective angiography, and 
adrenal venography are very rarely used since the advent of high-reso
lution CT scanners. 

COMPUTERIZED TOMOGRAPHY 

CT scanning provides a rapid, accurate, and reliable method for identi
fying virtually all adrenal tumors in patients with Cushing's syndrome 
(33,118,119) and it is the localizing modality of choice (Fig. 3-32). This is 
also the technique of choice in detecting nodules in the lungs, medias
tinum, and pancreas (120,121), all of which are potential tumor sites for 
ectopic ACTH syndrome (115,118). 

Pituitary CT scanning has superseded skull x-rays, angiography, 
and even multidirectional sellar tomography for the evaluation of Cush-
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Cushing's adenoma. A. CT scan of right adrenal Cushing's adenoma (ar

row). B. Corresponding gross specimen. 

ing's disease. However, even with state-of-the-art CT scanners, only 
about 50% of surgically proven pituitary microadenomas are preopera
tively identified (122). 

ADRENAL SCINTIGRAPHY 

Radionuclide adrenal scintigraphy with NP-59 (using gamma camera 
tomography) is a useful, reasonably accurate, and noninvasive adrenal 
imaging technique that provides both physiologic and anatomic infor
mation (86). A functioning, benign tumor shows up as a unilateral hot 
spot (usually with no uptake by the contralateral, suppressed gland); 
hyperplasia is characterized by a bilaterally increased uptake of radio
activity, the appearance of which is described as "headlights burning 
through a fog." An adrenocortical carcinoma generally does not show 
uptake; however, due to contralateral suppression, the other adrenal 
does not visualize either. 

Several important drawbacks detract from the use of the NP-59 
scan. Pre- and postscan thyroid blocking is important, since a poten
tially thyroid-ablative dose of 1311 is given. Poor storage properties, 
moderate expense, time delay, and significant radiation exposure make 
restricted and thoughtful patient selection for this examination im
portant. 

Fig. 3·32. 

B 
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Fig. 3.33. Therapeutic alternatives in Cushing's syndrome. 

TREATMENT 

CUSHING'S DISEASE 

A number of both medical and surgical options are available for the 
treatment of Cushing's disease (Fig. 3-33). Surgically, the primary 
choices are (a) trans sphenoidal excision of a micro- or macroadenoma 
or (b) bilateral total adrenalectomy followed by prophylactic pituitary 
irradiation to prevent Nelson's syndrome. Medically, one may choose 
among (a) pituitary irradiation, (b) medications "inhibiting" the CRF
ACTH axis, (c) cortisol synthesis blockers, and (d) adrenolytic drugs. 

Surgical. The recent dramatic neurosurgical advances, which have 
been substantiated by excellent results (123,126), qualify surgery as the 
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Steroid Replacement Therapy After Bilateral Adrenalectomy for Table 3·3. 
Hyperplasia (Cushing's Syndrome) 

Perioperative steroid preparation (Table 3-5) 
Postoperative days 1-3 

Prednisolone sodium phosphate (Hydeltrasol), 40 mg 1M or IV every 12 hours 
After day 3 (oral intake) 

Hydrocortisone, 20 mg in a.m., 10 mg in p.m. + fludrocortisone acetatate 
(Florinef), 0.1 mg daily 

Medialert bracelet 
Provide dexamethasone 4-mg syringe for emergency self-injection 

current treatment of choice for Cushing's disease. Among over 100 
patients so treated, the 80% overall cure rate, 95% remission rate of 
noninvasive tumors, 6% recurrence rate, and minimal morbidity and 
mortality attest to this choice (123). Cure of the hypercortisolism is 
immediate, and experienced surgeons can safely perform this operation 
on these high-risk patients. Bilateral total adrenalectomy remains a reli
able, acceptable form of therapy for pituitary-treatment failures 
(126,127) (Table 3-3). 

Nonsurgical. Present-day external pituitary radiation as primary treat
ment of Cushing's disease has had variable success. It may be the 
treatment of choice in children (80% success rate), but only 50%-60% 
of adults sustain remissions (128). These results, along with the delay of 
6-18 months for response, dampen enthusiasm for this approach. The 
implantation of yttrium-90 has not been well evaluated in the United 
States. 

Cyproheptadine, which acts as a serotonin antagonist, is thought to 
inhibit CRF. Some successful remissions have been reported (129), but 
the many cases in which it has been ineffective relegate it to secondary 
importance. Bromocriptine, a dopamine agonist, has been effective in 
only sparse reports (130), presumably by an inhibitory effect on pitui
tary ACTH secretion. Its clinical utility awaits further investigation. 
Metyrapone has enjoyed popularity in Europe both as chronic therapy 
and for preoperative preparation (131). Its use in the United States, 
however, has been principally restricted to adjunctive therapy for pitui
tary irradiation, or to palliation of either ectopic ACTH syndrome or 
adrenocortical carcinoma (115,132). 

Aminoglutethimide, an inhibitor of the conversion of cholesterol to 
pregnenolone, also has been given for palliation, similar to metyrapone. 
There has been much greater interest and more investigations regarding 
its effectiveness in metastatic breast carcinoma (see the next section). 
Mitotane (O,p'-DDD) causes necrosis of the zona fasciculata and zona 
reticularis. Long-term results have been poor, with only a 17% sus
tained, 2-year remission following an 8-month course of medication 
(133). 
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ADRENAL TUMOR 

There is little disagreement concerning the need for surgical resection in 
patients with an adrenal tumor (111,127). If the tumor is greater than 10-
15 cm in diameter it may necessitate a thoracoabdominal approach for 
necessary exposure to proceed safely with en bloc resection. For 
smaller benign tumors the posterior retroperitoneal approach is prefer
red. (134) Adrenalectomy for Cushing's syndrome may be followed by 
significant complications. Increased susceptibility to wound infections, 
delayed wound healing, thromboembolism, and atelectasis and pneumo
nitis require special attention. Of particular note, despite perioperative 
exogenous steroid support, during the early postoperative period promi
nent symptoms of malaise, myalgias, arthralgias, and even gastrointesti
nal upset may occur, reflecting the acute decline in endogenous cortisol. 
This period is followed by an interval of variable length during which the 
contralateral adrenal assumes fully supportive adrenocortical" capacity. 
The patient may again suffer similar symptoms, presumably indicative 
of a relative hypocortisolism stimulating pituitary ACTH, and resump
tion of the normal servo mechanism. The weaning of exogenous cortisol 
can best be titrated by an intelligent, informed patient who expects 
these symptoms yet avoids serious adrenocortical insufficiency (Ta
ble 3-4). 

ECTOPIC ACTH SYNDROME 

If the tumor is benign (e.g., a bronchial carcinoid), removal is curative. 
Many ectopic ACTH-secreting tumors, however, are malignant and 
widely metastatic at the time Cushing's syndrome becomes clinically 
apparent. Palliation using the aforementioned medications may offer 
metabolic control. Rarely, bilateral total adrenalectomy becomes justi
fied in less aggressive but unresectable primary tumors. 

Table 3·4. Steroid Replacement Therapy After Unilateral Adrenalectomy for 
Tumor (Cushing's Syndrome) 

Perioperative steroid preparation (Table 3-5) 

Postoperative days 1-3 
Prednisolone sodium phosphate (Hydeltrasol), 40 mg 1M every 12 hours or IV 

every 8 hou rs 

After day 3 (oral intake)* 
1 month prednisone, 5 mg in a.m., 2.5-5 mg in p.m. 
1 month prednisone, 5 mg in a.m. 
1 month prednisone, 2.5 mg in a.m. 

* Titrate dose according to withdrawal symptoms, i.e., myalgia, arthralgia, anorexia, nausea 
(increase dose before vomiting, hypotension). 



CUSHING'S SYNDROME 197 

PERIOPERATIVE STEROID PREPARATION 

Many patients undergoing operation are, or have recently taken, corti
sone or one of its analogues. The predictable suppressed endogenous 
adrenocortical secretion following unilateral or bilateral adrenalectomy 
for Cushing's syndrome, or potential suppression in the face of exoge
nous corticosteroid administration must be borne in mind (Table 3-5). 
Physiologic stress such as serious infection or general anesthetic can be 
extremely hazardous in the unprepared patient, leading to circulatory 
shock or even death due to adrenal insufficiency. 

As a general guideline, the quantity of adrenal steroids taken by a 
patient must equal or exceed the normal physiologic output (assume the 
equivalent of 25 mg cortisone per day, Table 3-6) of the adrenal for 1 

Perioperative Steroid Preparation* 

Intramuscular* 

or 

Dexamethasone (Decadron), 4 mg 1M at least 1 hour preoperatively and every 
12 hours on day of surgery 

Prednisolone sodium phosphate (Hydeltrasol), 40 mg 1M at least 1 hour preop
eratively and 40 mg every 8 hours on day of surgery 

Intravenous* 

or 

or 

Dexamethasone (Decadron), 4 mg IV on call to the operating room and every 
6 hours on day of surgery 

Prednisolone sodium phosphate (Hydeltrasol), 40 mg IV on call to the operat
ing room and every 6 hours on day of surgery 

Methylprednisolone (e.g., Solu Medrol), 40 mg IV on call to the operating 
room and every 6 hours on the day of surgery 

• Adequate steroid preparation can be administered by either the intramuscular or intraven
ous route. 

Relative Potencies and Sodium Retention of 
Various Glucocorticoids 

Equivalent Salt 
Medication Dose (mg) Retention 

Hydrocortisone (cortisol) 20 1.0 
Cortisone 25 0.8 
Prednisone 5 0.8 
Prednisolone 5 
Methylprednisolone 4 0 
Dexamethasone 0.75 0 
Betamethasone 0.6 0 

Table 3·5. 

Table 3·6. 
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Breast 
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week or more. After steroid medication is discontinued, a variable inter
val is required for normalization of the pituitary-adrenal axis and for 
normal adrenal responsiveness to occur. The exact chronologic rela
tionship cannot be stated precisely. In order to provide a sufficient 
margin of safety, one should assume inadequate adrenal responsiveness 
persists for 6 months after physiologic doses have been stopped, and for 
1 year if large doses have been taken. 

Appropriate tapering of corticosteroids is also critical for safe pa
tient management and must be individualized, precluding a standard 
recommendation. Following bilateral adrenalectomy, one cannot accu
rately judge the adequacy of cortisone replacement by ACTH levels. 
The reason for this is that in normal individuals, while ACTH follows a 
diurnal pattern, its actual secretion is continuous. Replacement is in 
effect "bolus" therapy. If the measured fasting morning ACTH is "nor
mal," most patients will be receiving excessive cortisone replacement. 

Breast cancer is a clinical disease of immense proportions. A preva
lence of over 500,000, an estimated 110,000 newly diagnosed cases per 
year (135), and the grim fact that only about one-half of these will be 
cured by primary therapy (136) attest to its serious nature. Only 2 years 
after Halsted's publication (137) of surgical therapy for patients with 
extensive breast cancer in 1894, Beatson demonstrated favorable effects 
of oophorectomy in these patients (138). Huggins and Bergenstal, in 
1952, were the first to demonstrate striking remission of advanced 
breast carcinoma after bilateral total adrenalectomy (139). Until re
cently, adrenalectomy (with previous or concomitant oophorectomy) 
remained the "supercastration" procedure of choice, with objective 
response rates of 25%-50% in selected patients (140). 

Numerous reports suggest that estrogen is the major hormonal stim
ulus for growth in hormone-dependent breast carcinoma. The distinc
tion between hormone-dependent and hormone-independent tumors is 
of major importance because their biologic behavior and treatment re
sponsiveness are quite different. The measurement of estrogen recep
tors (ER) and progesterone receptors (PgR) facilitates categorizing 
these subtypes. Estrogen-receptor negative (ER - ) tumors grow faster, 
recur earlier, and cause shortened patient survival compared to ER + 
tumors (141). While fewer than 5% of ER - tumors respond to hormonal 
therapy, 50%-60% of ER +, and 80% of ER +, PgR + tumors respond to 
endocrine treatment (136). 

The initial endocrine treatment of choice is the nonsteroidal compet
itive binder, antiestrogen tamoxifen. It has emerged as a highly effec
tive, nontoxic medication that appears equivalent to surgical oophorec
tomy in rate and duration of tumor remission (142,143). 

In postmenopausal women, however, direct secretion of estrogen 
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by the ovaries is minimal (144). Adrenalectomy has been used as further 
ablation of estrogen production. However, direct adrenal secretion of 
estrogen is also low (144). It is now known that the major source of 
estrogen in postmenopausal women with metastatic breast cancer is 
through the conversion of adrenally derived estrogen precursors (cata
lyzed by the enzyme aromatase) by peripheral sources such as fat, 
muscle, liver, and the breast cancer itself (145). "Medical adrenalec
tomy," employing the steroid biosynthesis blocker aminoglutethimide 
together with hydrocortisone (AG-HC), has been shown to be equally as 
effective as surgical adrenalectomy (146,147). Drug therapy (AG-HC) 
has the advantages that it (a) avoids surgical morbidity and rare mortal
ity, (b) can be used in nonsurgical candidates, and (c) is totally revers
ible. It is fully reversible in that full adrenal function returns within days 
of stopping the medication (141). This is very important because one-

Fig. 3·34. 
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Table 3·7. Recommended Regimen for "Medical Adrenalectomy" in the 
Treatment of Metastatic Breast Cancer 

Adreno
cortical 

Carcinoma 

Medication 

Aminoglutethimide 

Hydrocortisone 
Fludrocortisone acetate 

(Florinef) 

First 2 Weeks 

250 mg PO, b.i.d. 
(Total 500 mg) 

100 mg PO, q.d. 
0.1 mg PO, q.d. 

Chronic 

250 mg PO, q.i.d. 
(Total 1000 mg) 

20 mg PO, b.i.d. 
0.1 mg PO, q.d. 

half of ER + patients do not respond, others relapse after a response, 
and chemotherapy administration is less complicated and potentially 
less hazardous in patients with normal endogenous adrenal function. 

In addition, and of even greater therapeutic significance, aminoglu
tethimide blocks 95%-98% of peripheral aromatization (148). There
fore, AG-HC has essentially three sites of action: (a) blocking adrenal 
steroid synthesis, (b) blocking aromatase in the breast cancer, and (c) 
blocking extraglandular, peripheral aromatization (Fig. 3-34). 

Unfortunately, aminoglutethimide causes considerable side effects, 
although they are usually temporary and rarely serious, and they rarely 
cause total cessation of the medication. These short-term/long-term 
symptoms include lethargy (42%/15%), skin rash (30%/1%), ataxia 
(11%/3%), and orthostatic dizziness (16%/10%) (141). Attempts to mini
mize these side effects have led to the recommended medication sched
ule presented in Table 3-7 (141). 

Both tamoxifen and aminoglutethimide have gained widespread ac
ceptance by breast oncologists. It would appear that, at least for the 
present, medical endocrine manipulation has virtually replaced surgical 
ablation in the treatment of women with metastatic breast carcinoma. 

Adrenocortical carcinoma is a rare, often highly malignant neoplasm 
that is usually diagnosed late in its course, resulting in short life expec
tancy (149-152). The reported incidence is 2 per million population per 
year (153); it accounts for only 0.2% of all deaths from cancer (154). The 
tumor may excessively secrete one or more cortical steroids to produce 
a clinical syndrome, thereby being classified as "functioning." The ma
jority of functioning carcinomas occur before the age of 40 years (151) 
and have a female : male ratio of 4: 1 (150). Those cancers that do not 
produce hormones causing a clinical syndrome are considered "non
functioning" (155); 75% are found in patients over the age of 40, with 
the reverse sex ratio of male :female, 2: 1 (156). Functioning adrenal 
cancers may produce Cushing's syndrome (hypercortisolism), virilizing 
or feminizing syndromes, Conn's syndrome (hyperaldosteronism), or 
mixed syndromes. 
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DIAGNOSIS 

CLINICAL FEATURES 

Mixed syndromes such as Cushing's and virilization strongly suggest 
adrenal carcinoma. The combination of hirsutism, acne, amenorrhea, 
and rapidly progressing Cushing's syndrome in a young female is a 
classic example (157). When Cushing's syndrome occurs in a child, 
adrenal carcinoma is a common cause (153). 

In infancy, the "adrenogenital syndrome" is usually caused by an 
enzyme deficiency leading to congenital adrenal hyperplasia. However, 
in prepubertal females, virilization is most commonly caused by adrenal 
carcinoma. In a child normal at birth who later develops precocious 
virilization, adrenal carcinoma should be suspected. Feminization in the 
adult male is very rare (158) and highly suspect for adrenal carci
noma; it is heralded by gynecomastia, testicular atrophy, and impo
tency. 

Nonfunctioning cancers are usually discovered late because the lack 
of an endocrine syndrome allows marked growth until a mass or flank 
pain leads to the diagnosis (156). 

LABORATORY STUDIES 

When an adrenal carcinoma is functioning the patient almost invariably 
excretes inordinately large amounts of 17-KS, irrespective of the clini
cal syndrome (150). Adrenal carcinoma is characteristically inefficient 
in producing normal steroid hormones. This is reflected in the fact that 
only when the mass of cancer attains large size does it produce the 
syndrome. This is also the reason the urine has markedly elevated levels 
of steroid precursor metabolites. Adrenal cancers fail to become sup
pressed with high-dose dexamethasone (Fig. 3-30). Such tumors can 
form pregnenolone or other early precursors in steroid synthesis (rather 
than the typical steroid products), which can be used as markers to 
gauge the clinical status of the patient (156). 

PREOPERATIVE LOCALIZATION STUDIES AND STAGING 

The tumor is reliably localized by CT scanning, which may also demon
strate signs of malignancy, including an irregular, poorly defined mar
gin, inhomogeneous density from necrosis, local invasion, and distant 
metastases (33) (Fig. 3-35). Vena caval studies may be indicated to 
define local invasion, extrinsic compression, or tumor thrombus 
(159,160). Arteriography is occasionally used to define the vascular 
anatomy to aid in planning surgical excision. 

Staging is important from both therapeutic and prognostic stand
points. The most widely accepted system is. that proposed by Mac
farlane and modified by Sullivan (155) (Table 3-8). 
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Table 3·8. 

Staging of Adrenocortical Cancers 

Local 
Stage Size (cm) Nodes' Invasion' Metastases' 

I s;5 
II >5 
III Any size + + 
IV Any size + + + 

* -, absent; +, present. 
A 

B 

Fig. 3·35. Adrenocortical carcinoma. A. CT scan of massive adrenocortical carci
noma (arrows) . B. Corresponding gross specimen. Scale = 4 em. 

TREATMENT 

SURGICAL 

Most adrenal carcinomas are unresectable for cure due to local inva
sion, lymph node metastases, or distant metastases, most commonly to 
liver or lung (150,151,158,161). Radical excision remains the primary 
treatment (152,153,162). Since these tumors are almost uniformly large, 
transabdominal or thoracoabdominal incisions may be necessary for 
adequate, safe exposure. 

Nephrectomy, splenectomy, partial pancreatectomy, and partial 
colectomy may all be necessary to excise the mass en bloc. This implies 
that preoperative assessment of renal function and bowel preparation 
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are advisable. Perioperative steroid administration is critical to avoid 
intra- or postoperative adrenal insufficiency as a result of the suppres
sion and atrophy of the contralateral adrenal in cases with Cushing's 
syndrome. Aggressive de bulking of the primary tumor (163) and even 
repeated resections of recurrent tumor may be justified (164). 

CHEMOTHERAPY AND RADIOTHERAPY 

Results of conventional chemotherapy have been discouraging. Several 
investigators have reported significant tumor regression (165,166) using 
adrenolytic drug mitotane; and even a cure of metastatic disease has 
been reported (167). However, the mean survival of these patients was 
only 8.4 months, somewhat better than the previously reported mean 
survival of 2.9 months in untreated patients (151). 

When mitotane has been used as adjuvant therapy (6-g dose) and 
continued indefinitely as low-dose therapy (1-2 g/day), a significantly 
longer mean survival of 74 months has been reported (168). These lower 
doses are far better tolerated than 8-20 g/day, which leads to significant 
gastrointestinal and neuromuscular toxicity in up to 90% of patients 
(169). It should be noted that the need for both glucocorticoid and 
mineralocorticoid replacement should be anticipated. 

For palliative relief of Cushing's syndrome, aminoglutethimide and 
metyrapone have been employed. By blocking the enzymatic conver
sion of cholesterol to 5-pregnenolone (170) or II-deoxycortisol to corti
sol, respectively, they may cause rapid and sustained suppression of 
steroid synthesis (171). The usual dose is 1-2 g/day for aminoglu
tethimide or 2-6 g/day for metyrapone, which is increased until plasma 
or urinary free cortisol falls and symptomatic relief is achieved or toxic
ity is intolerable. 

The effectiveness of radiotherapy has been disputed. Some investi
gators have stated that it was ineffective for inoperable lesions (165), 
whereas others have reported useful palliation (170) for painful osseus 
metastases and significant tumor regression (161). 

PROGNOSIS 

Of those patients with stage I and II disease, 5-year survivals of 35% 
(152) to 63% (161) have been reported. In contrast, the majority of 
patients with stage III and IV disease generally do not survive beyond 
12-18 months. 

Until recently, small, nonfunctioning adrenocortical nodules had rarely 
been detected clinically. The advent of CT with its extreme sensitivity 
in imaging the adrenal (33) has in essence produced a new clinical phe
nomenon: the small, nonfunctioning adrenal tumor. 

Nonfunction
ing Adrenal 
Tumors 
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Fig. 3·36. Nonfunctioning adrenal adenoma. A. CT scan of nonfunctioning left adre
nal adenoma (arrow). B. Corresponding gross specimen. C. An adrenal gland 
with a pale, nonfunctioning adenoma and a typically yellow aldosterone-produc
ing adenoma. 

This radiologic "discovery" clinically highlights the known patho
logic incidence of nonfunctioning adrenal nodules, which occur in 
1.45% (172) to 15% (173) of autopsies. These tumors actually represent 
localized overgrowth of adrenocortical cells; they may be considered a 
normal part of the aging process and are more common in patients with 
hypertension, cardiovascular disease, and diabetes (63). The exact stim
ulus remains unknown, but they are theorized to represent reactive 
hyperplasia to localized, ischemic, cortical atrophy (173). They are 
therefore a result of hypertensive changes, not the cause. Despite at
taining a size in excess of 3 cm, they have never demonstrated any 
specific abnormal hormone imbalance. In contrast to the gross appear
ance of a typically golden-yellow aldosterone-producing adenoma, or 
the mottled yellow-brown Cushing's adenoma, nonfunctioning nodules 
are pale yellow (Fig. 3-36). 

When such a nodule is discovered, one should first obtain appropri
ate tests to exclude the presence of a functioning adrenal tumor, since 
an unsuspected pheochromocytoma has been diagnosed in this manner 
(174). The non-functioning nodule presents a therapeutic dilemma. The 
risk of failing to excise a cancer before it reaches the all-too-common 
incurable stage must be balanced against recommending adrenalectomy 
for numerous asymptomatic patients. No present biochemical or radio-
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OP MORT MORB 
XS Surg for 
Benign Lesions 

EXCISION 

Risk of 
Malignancy 

OBSERVATION 

Small, nonfunctioning adrenal tumors. Weighing the risks and advantages 
of excision versus observation. 

logic test can definitely distinguish these tumors as benign or malignant. 
Even needle biopsy is unreliable since there are no histologic criteria 
that can reliably differentiate benign from malignant tumors (156). Even 
more disconcerting, malignant change in a previously benign lesion has 
been reported (151), although most cancers are presumed to start de 
novo. Despite the fact that 75%-80% of nonfunctioning cancers occur 
after the age of 40 years, they have developed in both men and women 
in their late twenties and early thirties (175). These facts have prompted 
some investigators (156,176) to consider all nonfunctioning tumors ma
lignant, although this conclusion predated CT scanning and was based 
only on large masses. 

At present, therapeutic recommendations must be individualized 
and are somewhat arbitrary (Fig. 3-37). Adrenalectomy is generally 
advised for anyone of the following: tumors in patients who are under 
age 50; lesions greater than 3 cm; or nodules that enlarge on CT scan. 
Otherwise, serial follow-up CT scans are indicated. 

Congenital adrenal hyperplasia is almost always caused by an inherited 
deficiency of one of the enzymes involved in the five metabolic steps 
leading to the synthesis of cortisol (most commonly C-21 hydroxylase). 
Synthesis of cortisol and/or aldosterone are impaired and precursor 
compounds, metabolites, or alternate pathway end products are pro
duced (Fig. 3-38). The overproduction of adrenal androgens in utero 
produces a pseudohermaphrodite, with ambiguous genitalia in females 

Fig. 3·37. 

Congenital 
Adrenal 
Hyperplasia 
(Adreno
genital 
Syndrome) 
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Fig. 3·38. Congenital adrenal hyperplasia: major steps in the steroid synthesis 
metabolic pathways. The three most commonly encountered enzyme defi
ciencies producing congenital adrenal hyperplasia are demonstrated. 

Operative 
Technique 

and various degrees of macrogenitosomia in the male. Salt-losing crisis, 
hypertension, or addisonian crisis precipitated by stress in the newborn 
are also strong clues to this diagnosis. 

The metabolic treatment of congenital adrenal hyperplasia is non
operative and requires indefinite ACTH-suppressive doses of glucocor
ticoids together with replacement doses of mineralocorticoids. The 
prospects for normal childhood growth and development and normal 
adult life expectancy, fertility, and childbearing are quite good. 

POSTERIOR APPROACH TO ADRENALECTOMY 

The posterior approach to adrenalectomy, as popularized by Young 
(177), is associated with a lower morbidity and mortality than the ante
rior route. The approach should be considered when operating on pa-
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Position. Following induction of anesthesia and insertion of an endotracheal Fig. 3·39. 
tube, the patient is turned gently to the prone position. Rolled blankets or firm 
pillows are placed beneath the chest and pelvis, allowing the abdomen to sag 
and the peritoneal contents to fall away from the retroperitoneal area. The table 
is flexed into the jackknife position to eliminate lumbar lordosis. The knees are 
flexed and the legs supported on pillows to reduce venous pooling in the lower 
extremities during the operative procedure. 

Incision. A curvilinear incision is made through the skin, subcutaneous fat, and Fig. 3·40. 
latissimus dorsi muscle down to the posterior lamella of the lumbodorsal fascia. 
The upper end of the incision is about three fingerbreadths from the midverte-
bralline at the level of the 10th rib; the lower end is at the iliac crest about four 
fingerbreadths from the midline. Bilateral incisions are shown marked in rela-
tion to underlying bony landmarks, muscles, and viscera. 

tients with primary aldosterone-producing adenomas, bilateral hyper
plasia of Cushing's syndrome, and nonfunctioning adrenal tumors. The 
positioning of the patient and incision placement are shown in Figures 
3-39 and 3-40. 
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Fig. 3·41. Incision to expose right adrenal gland. Skin and subcutaneous bleeders 
are secured and the posterior lamella of the lumbodorsal fascia is incised to ex
pose the underlying fleshy mass of the sacrospinalis muscle. Several lumbar cu
taneous vessels and nerves pierce the sacrospinalis muscle and tether it later
ally; these are ligated and divided. 

Fig. 3·42. A. Because the lumbodorsal fascia at this level forms a smooth, nonadherent in
vestment for the sacrospinalis muscle, it is possible to retract the muscle belly 
medially against the spine to expose the underlying middle lamella of fascia and 
the 12th rib. B. Cross-sectional view showing the sacrospinalis muscle re
tracted medially to expose the intact conjoined middle and anterior lamellae of 
the lumbodorsal fascia. The kidney, adrenal (not shown), and retroperitoneal fat 
are directly subjacent. 

RIGHT ADRENALECTOMY 

The posterior approach to the adrenal gland is a direct one (Figs. 3-41 
and 3-42), and ligation of the right adrenal vein, a delicate step in adre
nal surgery, is facilitated. The key to operative exposure is resection of 
the 12th rib (Figs. 3-43 to 3-45). The pleura is then reflected upward 
out of the way, and the diaphragm is divided to give an excellent view of 
the retroperitoneal space and adrenal area (Figs. 3-46 to 3-48). After the 
gland is mobilized (Figs. 3-49 and 3-50), the vein can be ligated (Fig. 3-
51). If the inferior vena cava is accidentally torn at this point, bleeding is 
best controlled by a pack and firm pressure for 5-10 minutes. Large 
tears require 5-0 vascular suture. 



Fig. 3·42. 

A 

B 
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Fig. 3·43. Removal of the 12th rib. Several slips of sacrospinalis muscle that insert into 
the dorsal aspect of the 12th rib are detached. The rib is removed subperios
teally. care being taken to avoid tearing the underlying pleura. Should the pleu
ral space be opened inadvertently. a catheter (16-18 Fr) is left in during closure 
and removed after residual air is expressed by hyperinflation of the lungs before 
the skin closure is completed. 
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The middle lamella of the lumbodorsal fascia is incised along the lateral border Fig. 3·44. 
of the quadratus lumborum. The incision usually is carried through the anterior 
lamella (the transversalis fascia) with the same sweep of the blade. The subcos-
tal vessels run across the field at this point and are dissected free; they are then 
clamped, divided, and tied. The subcostal nerve parallels the vessels but is sep-
arate from them; it is preserved and retracted downward. Although not shown in 
this figure, the kidney can now be seen invested by Gerota's fascia and sur-
rounded by fat. 
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Fig. 3·45. Finger dissection is used as shown to free the fatty and areolar tissues of the 
suprarenal space from the undersurface of the diaphragm. The diaphragm now 
forms a shelf of muscle with the parietal pleura adherent to its upper surface. 

Fig. 3·46. Reflection of the pleura. An important step in obtaining adequate exposure 
of the adrenal gland is to free the pleura from the diaphragm. This is best ac
complished by using a gauze-covered finger to push the pleura upward out of 
the way. 

Fig. 3·47. The diaphragm now can be divided between large metal clips all the way from 
the free edge to the spine without fear of injuring the pleura. 



fig- 3-41. 
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Fig. 3·48. Gerota's fascia is opened and the kidney retracted downward to bring the right 
adrenal prominently into view. The adrenal gland is recognized by its finely 
granular surface and its striking chrome-yellow color. It has a surprisingly su
perficial location when exposed through the back. 

Fig. 3·49. Mobilization of the right adrenal gland. The superior, lateral, medial, and 
posterior aspects of the gland are freed before its attachments to the superior 
pole of the kidney are divided. In this way the adrenal cannot retract upward be
yond comfortable reach during the disseciton. Small metal clips are used for he
mostasis of the many fine arterial twigs that pass into the periphery of the gland 
from the surrounding fat. A. Each vessel is isolated over the jaws of a right-an
gie dissector. B. Clips are then placed across the vessel. C. The vessel is di
vided. To expedite the dissection, the authors often use just a single clip (on the 
parietal side) across small arteries; back bleeding from the adrenal is usually 
minimal. 
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Fig. 3·49. 

A 

B c 
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Fig. 3·50. 

Fig. 3·51. 

A 

B 
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LEFT ADRENALECTOMY 

The left adrenal gland is exposed and mobilized in a similar manner to 
that depicted for the gland on the right (Fig. 3-52). 

Exposure of the left adrenal gland. The left adrenal gland is a flattened 
elongated structure. Usually a tongue of adrenal tissue dips down medially to
ward the hilum of the kidney. It is from this portion of the gland that the main 
vein emerges, taking an oblique course downward to empty into the left renal 
vein. With the adrenal gland fully freed, the main venous pedicle is clipped and 
divided . 

Fig. 3·52. 

....c. The dissection proceeds methodically until the entire central vein can be safely Fig. 3·50. 
exposed. The adrenal gland, which is quite friable, should be handled with great 
care. The authors prefer to manipulate the gland with the fingers of the left 
hand as shown, rather than to run the risk of fracturing it with forceps or a 
clamp held by an assistant. 

Ligation of the right adrenal vein. The right adrenal vein is uniformly short Fig. 3·51. 
and wide; it empties directly into the inferior vena cava. A. A large metal clip is 
placed across the right adrenal vein flush with the inferior vena cava. B. An-
other clip is placed close to the adrenal gland. The vein is severed, the remain-
der of the peripheral arterial dissection is completed, and the gland is removed. 
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CLOSURE 

The wounds are irrigated and residual bleeders clamped and tied. 
Drains are not necessary since the operative field is dry and the abun
dant perirenal fat obliterates potential dead space. The incision is closed 
in two layers, using running absorbable sutures (Figs. 3-53 to 3-55). 

A postoperative chest x-ray film is taken in the recovery room to 
check for possible pneumothorax. 

Fig. 3·53. Closure. The first layer approximates the external edge of the conjoined ante
rior and middle lamellae of the lumbodorsal fascia to the belly of the sacro
spinalis muscle. A fascia-to-fascia reapproximation at this level usually is not at
tempted because retraction of the musculofascial planes imposes undue tension 
on the suture line, causing the stitches to pull out. 

Fig. 3·54. The second layer reunites the edges of the divided posterior lamella. The subcu
taneous fatty tissues are reapproximated. 

Fig. 3·55. Skin closure utilizing synthetic absorbable suture material provides a strong and 
cosmetically appealing incision. 
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Fig. 3·54. 

Fig. 3·55. 
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A 

B 

Fig. 3·56. Incision. A. A bilateral subcostal incision provides excellent exposure; how
ever, a transverse upper abdominal incision or a long midline incision may be 
preferred in some patients. B. The abdomen is opened and routine inspection 
and palpation of the abdominal contents is carried out. At this time the surgeon 
quickly confirms the presence of adrenal tumor and takes note of any other pa
thology. 

ANTERIOR APPROACH TO ADRENALECTOMY FOR 
PHEOCHROMOCYTOMA 

In an operation for pheochromocytoma, an anterior or transabdominal 
approach is preferred (Fig. 3-56). A thorough examination of the general 
abdominal cavity is necessary in all cases to exclude the 10% or so of 
tumors that are extraadrenal in location. 
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Exposure of a tumor of the right adrenal gland. The hepatic flexure of the Fig. 3·57. 
colon may be mobilized and retracted downward to expose the duodenal loop. 
The second portion of the duodenum may be freed by dividing its lateral avas-
cular peritoneal reflection (Kocher maneuver). The right lobe of the liver is re-
tracted upward . 

RIGHT ADRENALECTOMY 

The technique for exposure of a tumor of the right adrenal gland is 
depicted in Figures 3-57 and 3-58. 

The principle of early ligation of the adrenal venous drainage is 
sound, provided adequate exposure allows its safe control. The concept 
of "dissecting the patient from the tumor" emphasizes the fact that the 
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Fig. 3·58. The descending duodenum is separated from the retroperitoneal structures pos
teriorly by blunt and sharp dissection and is then turned forward and to the left. 
This maneuver exposes the underlying vena cava and a pheochromocytoma of 
the right adrenal gland overlying the superior pole of the kidney. 

tumor should be manipulated as little as possible. Following dissection 
upward along the vena cava, and partial freeing of the superior aspect of 
the adrenal, the right adrenal vein can be safely exposed. A sufficient 
length of vena cava is exposed to permit side application of a vascular 
clamp in the event of a caval tear. To facilitate visualizing the adrenal 
vein, which frequently enters the vena cava somewhat posteriorly, a 
vein retractor is employed. In this case, the short, wide right adrenal 
vein is seen clearly as it passes over the front of the medial part of the 
tumor to reach the vena cava (Fig. 3-59). 

With the pheochromoctyoma effectively isolated from the venous 
side of the circulation, the process of freeing it from its bed can proceed 
with less concern for the occurrence of paroxysms of hypertension or 
cardiac irregularities (Figs. 3-60 and 3-61). 

LEFT ADRENALECTOMY 

The left adrenal gland is exposed as shown in Figures 3-62 to 3-64, and 
the tumor is removed (Fig. 3-65). 



B 
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Ligation of the right adrenal vein. A. The adrenal vein is dissected free. 
B. It is ligated in continuity using large metal clips. C. It is severed between 
the clips. 

A 

c 

Fig. 3·59. 



Fig. 3·60. 

Fig. 3·61. 

Fig. 3·60. Excision of tumor. The entire tumor is dissected free from above downward 
using metal clips for hemostasis. The authors prefer not to dissect out the lower 
pole of the tumor until the upper, lateral, and medial borders have been freed. 

Fig. 3·61. Quite frequently a tumor of the right adrenal gland extends upward behind the 
right edge of the vena cava. However, it usually is easily separated from the 
vena cava by retracting the latter as shown. Finally, the fascial attachments to 
the kidney are divided and the tumor is removed. 

224 
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Exposure of a tumor of the left adrenal gland. The left adrenal gland can Fig. 3·62. 
be exposed safely and conveniently via the lesser sac. By using gentle upward 
traction on the greater omentum, its avascular attachment to the distal trans-
verse colon is divided to give direct access into the lesser sac. Care is taken to 
avoid excessive traction of the splenocolic ligament for fear of tearing the 
splenic capsule. If exposure is not adequate, it is sometimes helpful to mobilize 
the splenic flexure of the colon. 
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Fig. 3·63. With the stomach retracted superiorly and the transverse colon inferiorly, the 
pancreas comes into view. The peritoneum along the inferior border of the body 
and tail of the pancreas is incised (broken line). 

Fig. 3·64. The areolar plane deep to the pancreas is opened by blunt finger dissection, as 
depicted. The crooked fingers of the left hand elevate the tail of the pancreas 
and work in gentle motion, with the fingers of the right hand providing counter
action, to separate the areolar tissues and progressively free the gland. 

Fig. 3·65. Excision of tumor. With the pancreas freed and retracted upward out of the 
way, the kidney and a left adrenal tumor lie exposed. The left adrenal vein can 
be seen entering the left renal vein. It is isolated over a right-angle clamp, 
clipped in continuity, and divided. As before, the tumor is dissected free from 
the retroperitoneal fat and, finally, from the kidney, using multiple small metal 
clips for hemostasis. 
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Fig. 3·64. 

Fig. 3·65. 
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EXPLORATION FOR EXTRAADRENAL PHEOCHROMOCYTOMA 

Exploration of the paraaortic sympathetic chains, the opposite adrenal, 
and the perihilar zones of each kidney must be carried out in every case 
to exclude supernumerary extraadrenal pheochromocytomas. The fail
ure to register a decrease in blood pressure after an adrenal medullary 
tumor is removed should alert the surgeon to the possibility that a 
second lesion is present. Preoperative alpha-adrenergic blockade is sel
dom complete so that manipulation of a tumor is often associated with a 
transient elevation in blood pressure due to the release of catechol
amines into the circulation. This phenomenon may be used as a guide 
to the location of extraadrenal pheochromocytomas. 

CLOSURE 

The abdomen is closed in the usual manner. 

THORACOABDOMINAL APPROACH FOR RESECTION OF RIGHT 
ADRENAL CARCINOMA 

When an adrenal tumor is large (greater than 10-15 cm in diameter) and 
malignancy is suspected, a planned thoracoabdominal approach is em
ployed. This provides the wide exposure necessary for radical en bloc 
resection of the tumor, which may involve removal of the ipsilateral 
kidney and/or the tail of the pancreas and spleen. 

A preoperative intravenous pyelogram is essential, not only for di
agnostic purposes but also to verify the presence of bilateral functioning 
kidneys in case the kidney on the side of the lesion has to be removed. 
An aortogram may help the surgeon plan the operation by outlining the 
large tumor vessels beforehand. An inferior vena cavagram may also 
provide information relevant to local resectability of the tumor: vena 
caval invasion almost always dictates unresectability. 

A right adrenal carcinoma is exposed as shown in Figures 3-66 to 3-
69. As illustrated in the anterior approach to adrenalectomy (see Figs. 3-
56 and 3-57), the duodenum is mobilized from its peritoneal attachments 
and retracted medially to expose the underlying vena cava and the main 
tumor vessels. The peritoneum is incised superiorly and then laterally to 
expose the fascial attachments between the tumor and the undersurface 
of the right lobe of the liver. These are taken down by sharp dissection 
to free the superior aspect of the tumor. 

Veins passing between the tumor and the vena cava are isolated, 
doubly clipped in continuity with large metal clips (see Fig. 3-59), and 
then divided. The right border of the vena cava is rolled medially to 
facilitate exposure of the gland and its separation from the cava itself. 
Laterally and posteriorly the tumor is separated from its vascular and 



Position. The patient is positioned on the table in the recumbent position with Fig. 3·66. 
the right side elevated to 45° by a pillow or rolled blanket. The planned incision 
is indicated by the broken line. 

Abdominal incision. The abdominal component of the incision extends trans- Fig. 3·67. 
versely across the midline from the lateral edge of the left rectus muscle to the 
right costal margin opposite the 9th interspace. The rectus muscle on each side 
has been divided and the incision now is carried down to and through the peri-
toneum to enter the abdomen. 229 
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Fig. 3·68. Thoracic incision. If palpation and inspection of the abdominal organs and 
lymph node areas reveal no obvious metastatic involvement, and if the tumor it
self appears to be mobile and locally resectable (no gross involvement of the 
liver or adjoining inferior vena cava), the thoracic component of the incision is 
extended across the costal margin and through the ninth intercostal space into 
the right pleural cavity. The diaphragm is divided in the direction of the chest 
incision. 
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The liver is mobilized by severing the triangular ligament and it is then lifted su- Fig. 3·69. 
periorly using a Deaver retractor. Here, the tumor lies exposed. It is a vascular 
lesion : large tortuous veins can be seen coursing over its surface directly be-
neath the posterior parietal peritoneum. 

fascial attachments using sharp and blunt dissection and employing 
metal clips for hemostasis as shown in Figure 3-60. 

Now, the surgeon must ascertain whether there is local involvement 
of the adjacent kidney. If dissection between the superior pole of the 
kidney and the tumor reveals malignant invasion, the kidney must be 
removed in continuity with the adrenal carcinoma (Figs. 3-70 and 3-70. 
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A 

B C 

Fig. 3·70. Removal of the kidney. A. The ureter is first divided. B. The right renal ar
tery is then dissected and ligated. C. Finally, the right renal vein is isolated, 
doubly ligated, and transfixed. 
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Blunt dissection frees the remainder of the kidney and permits its removal to- Fig. 3·71. 
gether with the attached tumor. 
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Fig. 3·72. Closure. The wound is closed in layers. 

CLOSURE 

When hemostasis is judged satisfactory, the field is irrigated, the dia
phragm is resutured, and the wound is closed in layers (Fig. 3-72). A 
chest tube is inserted into the right pleural space during closure. At the 
completion of the procedure, the lung is hyperinflated to force any 
residual air from the pleural space, and the tube is removed. A post
operative chest x-ray film is taken to exclude any small residual 
pneumothorax. 
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Surgery of the Endocrine 
Pancreas 

The first association between an endocrine disorder and pancreatic islet 
cell tumor was made by Wilder and associates (1) in 1927 when they 
encountered clinical hyperinsulinism in a patient with metastatic islet 
cell carcinoma; they were able to extract insulin from samples of meta
static tumor. Since this discovery, which has been enhanced by the 
development and refinement of immunocytochemical techniques and 
electron microscopy, the gastroenteropancreatic tract has emerged as a 
major endocrine "organ." It is the source of 15 currently identifiable 
endocrine cells (2). In addition, it was recognized that similar cells 
located in other organs possess the capability of producing polypeptide 
hormones. These cells could take up amine precursors (such as DOPA 
or 5-hydroxytryptamine), decarboxylate them, and subsequently pro
duce either amines or polypeptides (such as norepinephrine, serotonin, 
etc). The amine precursor uptake and decarboxylation (APUD) cell 
system was proposed by Pearse (3), and tumors derived from these cells 
were referred to as "apudomas" (4) (Fig. 4-1). While controversy exists 
as to their embryologic origin, the evidence seems strong in support of 
the neural crest. Neuron-specific enolase, an enzyme present in central 
and peripheral autonomic nerves, has also been reliably demonstrated 
in apudomas (2,5). Thus, from the first islet cell tumor in 1927, a widely 
dispersed but cytochemically similar neuroendocrine APUD cell system 
has been recognized. 

To date, no less than ten different clinical syndromes have been 
described in association with functioning islet cell tumors of the pan
creas (Fig. 4-2). The responsible hormones have been identified: insulin 
with insulinoma; gastrin with gastrinoma or Zollinger-Ellison syn
drome; vasoactive intestinal polypeptide (VIP) with vipoma (WDHA 
syndrome); glucagon with glucagonoma; somatostatin with somato
statinoma; ACTH with ectopic ACTH syndrome; melanocyte-stimu
lating hormone with hyperpigmentation; parathyroid hormone with 
ectopic hyperparathyroidism; 5-hydroxytryptamine with carcinoid 
syndrome; and cholecystokinin (CCK) with "CCK-oma" (6,7). The 
same tumor may secrete a number of different hormones owing to the 
pieuripotential hormone-secreting capability of the cells. No doubt the 
list of hormones secreted and syndromes recognized will continue 
to grow. 

General 
Introduction 

243 



Fig. 4·1. 

Fig. 4·2. 
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Fig. 4.1. APUD cells and apudomas. 

Fig. 4.2. Hormone'producing islet cell 
tumors of the pancreas. 
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Posterior relations of the pancreas. For simplicity the common bile duct 
and the components of the portal venous system are not shown. 

SURGICAL ANATOMY 

ORIENTATION 

The pancreas occupies a relatively fixed retroperitoneal position in the 
upper abdomen as it extends obliquely upward at a 45° angle from the 
duodenal loop to the splenic hilum. It has a thick, wide head and unci
nate process and a more slender neck, body, and tail. Posteriorly, the 
head is related to the inferior vena cava and aorta (Fig. 4-3). The neck 
overlies and the body and tail extend to the left of the superior mesen
teric vessels. Normally, the body and tail may be easily freed from the 
underlying left adrenal gland, kidney, and renal vessels by blunt dissec
tion. Distal resection of the pancreas extending to the right edge of the 
portal vein usually incorporates 65%-80% of the gland. The uncinate 
process refers to that portion of the pancreas that extends around inferi
orly beneath the superior mesenteric vein. 

Fig. 4·3. 
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BLOOD SUPPLY 

Arterial. The complexity and variability of the pancreatic arterial blood 
supply should be thoroughly understood by surgeons performing major 
pancreatic resections. The two principal arterial sources are branches of 
the celiac and superior mesenteric arteries (Fig. 4-4). Typically, the 
common hepatic artery gives rise to the gastroduodenal artery, which is 
the major arterial supply to the head of the pancreas. 

A "replaced" right hepatic artery-one which originates from the superior me
senteric artery (occurring in approximately 20%)-may occasionally send major 
pancreatic branches as it ascends behind the head of the pancreas. 

After passing behind the first part of the duodenum, the gastroduo
denal artery gives rise to the posterior superior pancreaticoduodenal 
artery, then continues over the anterior surface of the pancreas to bifur
cate into the anterior superior pancreaticoduodenal and right gastroepi
ploic arteries. The anterior pancreatic arterial arcade is completed by 
the anastomosis of the anterior superior pancreaticoduodenal artery 
with the anterior inferior pancreaticoduodenal artery, one branch of a 
common inferior pancreaticoduodenal artery originating from the supe
rior mesenteric artery. Similarly, the posterior arcade is formed by 
anastomosis of the posterior superior pancreaticoduodenal artery with 
the posterior inferior pancreaticoduodenal artery (the other branch of 
the common pancreaticoduodenal artery). 

In adults it is nearly impossible to resect either the duodenum or pancreas with
out seriously compromising the blood supply of the other. It is feasible, how
ever, to resect approximately 95% of the distal pancreas and still preserve the 
viability of the duodenum, provided a small crescent of the gland is left to pro
tect the pancreaticoduodenal arcades. One must also protect the intrapancreatic 
common bile duct and its blood supply (the posterior superior pancreatico
duodenal artery) as it courses in or near the posterior pancreaticoduodenal 
groove. 

The blood supply to the neck, body, and tail of the pancreas is 
derived primarily from branches of the splenic artery. This tortuous 
vessel courses along the posterior superior border of the gland. The 
dorsal pancreatic artery typically originates from the first part of the 
splenic artery and passes vertically downward behind the neck of the 
pancreas. At the level of the confluence of the splenic and superior 
mesenteric veins, it branches into minor arteries passing to the right, 
and the larger transverse (inferior) pancreatic artery, which runs later
ally to the left, posterior, and somewhat superior to the lower border of 
the pancreas. The great pancreatic artery (pancreatica magna) arises 
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from the splenic artery in its distal third and is the major blood supply to 
the tail of the pancreas. 

Venous. While the anatomic pattern of venous drainage generally para
llels its arterial counterpart, several features of surgical and radio
graphic importance should be appreciated (Fig. 4-5). 

The portal vein is formed behind the neck of the pancreas by the 
confluence of the splenic and superior mesenteric veins. The left gastric 
vein (coronary vein) variably empties either directly into the portal vein 
or into the splenic vein near its junction with the superior mesenteric 
vein. The inferior mesenteric vein most commonly joins the splenic 
vein. Alternatively, it may enter the superior mesenteric vein, or all 
three may converge together. The anterior surface of the superior mes
enteric-portal vein (SMV-PV) behind the neck of the pancreas almost 
never receives tributaries and may be blindly, gently dissected free 
unless it"is directly involved by a pathologic process. 

Veins draining the head and uncinate process of the pancreas in
clude the anterior and posterior pancreaticoduodenal arcades as well as 
numerous fragile tributaries emptying directly into the lateral aspect of 

artery 

Fig. 4·4. 
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Fig. 4·5. Pancreatic veins and portal system. 

the SMV -PV. Control of these veins is generally regarded as the most 
demanding aspect of a pancreaticoduodenal (Whipple) resection. 

The junction of the gastrocolic trunk with the superior mesenteric vein is an im
portant surgical landmark. It is a guide to the lower border of the neck of the 
pancreas, where dissection may proceed safely behind the pancreas, anterior to 
the SMV-PV. The anterior pancreaticoduodenal, right colic, and right gastroepi
ploic veins converge to form the gastrocolic trunk, and one must be cautious to 
avoid tearing these tributaries or the middle colic vein during mobilization of the 
pancreas. 

Venous drainage of the body and tail of the pancreas is collected by 
a large transverse (inferior) pancreatic vein along the inferior aspect of 
the gland and through small, short tributaries entering along the course 
of the splenic vein. Because these tributaries are fragile and easily torn 
during dissection, resection of the body and tail of the pancreas most 
commonly includes splenectomy, which shortens and simplifies the pro
cedure. 

DUCTS 

The main pancreatic duct (Wirsung's) begins approximately 2 cm from 
the tail of the gland and progressively enlarges until it attains a size of 
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about 3.5 mm in the head. The accessory duct (of Santorini, not shown) 
usually connects with the main pancreatic duct in the head of the gland 
(Fig. 4-6). 

The common bile duct descends in a long fissure in the posterior 
aspect of the head of the pancreas, near the pancreato-duodenal junc
tion. The pancreatic and biliary ducts usually open together at the duo
denal papilla. 

ISLETS OF LANGERHANS 

The pancreas is a composite gland, with exocrine and endocrine compo
nents. The exocrine portion comprises the bulk of the gland; the endo
crine portion is composed of approximately one million islets of 
Langerhans (each of which is about 100-200 /-tm in diameter). These 
islets are scattered evenly throughout the gland (Fig. 4-7). Five cell 
types have been identified in human pancreatic islets (Fig. 4-8). These 
may be differentiated by their ultrastructural, electron microscopic 
characteristics (Fig. 4-9) or by immunoperoxidase stains for specific 
hormones (Fig. 4-10). The islets of Langerhans have a rich capillary 
network to enable rapid transfer of their hormonal secretion into the 
blood stream. Hypervascularity is a feature of many of the islet cell 
tumors, which facilitates their localization by angiographic techniques. 

Fig. 4·6. 
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Fig. 4·7. 

Fig. 4·8. 
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Immunoperoxidase stain for identification of pancreatic cells by Fig. 4·10. 
specific hormones. A. Insulin shows dense staining of the prevalent f3 islet 
cells. B. Benign insulinoma shows monomorphic cells with uniform cytoplas-
mic insulin immunoreactivity. C. Glucagon demonstrates the second most 
common a islet cell. D. Somatostatin identifies the rare D cell. (Gastrin is not 
present in the normal adult pancreas.) 

Appearance of normal islet. Hematoxylin and eosin stain. Fig. 4·7. 

Pancreatic islet cells, hormones, and tumors. ACTH, adrenocorticotropin; Fig. 4·8. 
MSH, melanocyte stimulating hormone; PTH, parathyroid hormone; PP, pancre-
atic polypeptide; WDHA, watery diarrhea, hypokalemia, achlorhydria; and VIP, 

vasoactive intestinal polypeptide. 

Electron micrographic identification of pancreatic cells. A. Adult Fig. 4·9. 
human pancreatic islet. The three cell types-a (A), f3 (8), and fj (C)-are present, 
each of which is identified by the appearance of its secretory granules. x 6040. 
(From Handbook of Physiology. Washington, D.C.: American Physiological Soci-
ety, vol 1, sec 7,1977, P 97.) B. Insulinoma cell. Note the diagnostic crystalline 
morphology of many granule cores. 
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Fig. 4·11. Fig. 4·12. 
Fig. 4·11. Gross specimen of an islet cell tumor in resected tail of pancreas. 

Fig. 4·12. Microscopic specimen showing microadenomatosis of the islet cells. 

Insulinoma Since 1927, when the first case of insulin om a was recorded at the Mayo 
Clinic (8), followed by the first successful curative resection of an insul
inoma by Graham (9), considerable knowledge and skill in diagnosing 
and managing insulinomas has been accrued. 

The clinical manifestations of these (3-islet cell tumors reflect inap
propriately elevated plasma insulin levels, typically causing neuroglyco
penic and hyperepinephrinemic symptoms induced by hypoglycemia. 
The diagnosis is strongly suggested by the presence of Whipple's triad 
(10): (a) symptoms of hypoglycemia provoked by fasting; (b) blood glu
cose levels at or below 50 mg/dl at the time of symptoms; and (c) the 
relief of symptoms after the administration of glucose. 

PATHOLOGY 

lnsulinomas in adults may be conveniently thought of as "10% tu
mors": approximately 10% are mUltiple, malignant, and associated with 
the multiple endocrine neoplasia type I (MEN-I) syndrome (11,12). 

Solitary adenomas are found in about 90% of cases. Grossly, they 
range from pale yellow (Fig. 4-11) to plum colored or reddish brown; 
they are somewhat bosselated and usually firmer in consistency than the 
surrounding pancreas. Most are well encapsulated, which facilitates 
their enucleation at the time of operation. Most often they are not 
visible on the surface of the pancreas-they are either covered by a thin 
layer of pancreas or buried within it. 

Nearly 90% of insulinomas are 2 cm or less in diameter; two-thirds 
are 1.5 cm or less (11,13,14), The size of the tumor is not related signifi
cantly to its functional activity nor is there any correlation between size 
and malignancy (15). Like the islets of Langerhans themselves, the 
tumors are distributed uniformly throughout the pancreas (13,14). Ec-
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Microscopic specimen of a benign insulinoma. The appearance of malig- Fig. 4·13. 
nant lesions may be very similar. Hematoxylin and eosin stain. 

topic insulinomas are rare, constituting less than 2% of cases (14,15) and 
are located close to the gland. 

The incidence of mUltiple adenomas approximates 10% and should 
raise strong clinical suspicion of underlying MEN syndrome. Innumera
ble small macroscopic and microscopic islet cell tumors are sometimes 
found distributed throughout the entire pancreas (16) (Fig. 4-12). In 
adults, this entity, known as adenomatosis or nesidioblastosis, is al
most always a part of the more complex syndrome of MEN-I, first 
described by Wermer in 1954 (17). Nesidioblastosis, thought to be a 
result of the abnormal persistence of the normal infant pancreatic mor
phology (when unassociated with MEN-I syndrome) (18), has been rec
ognized extremely rarely (19). 

Microscopically benign adenomas (Fig. 4-13) are composed of anas
tomosing cords of cells lying between vascular channels and supported 
on a delicate fibrous network. Ultrastructurally, the tumor cells contain 
secretory granules resembling those of the (3 cells in adjacent normal 
islets (20). Specific identification of the insulin in the (3-islet cell tumors 
is possible using immunoperoxidase techniques on fresh or deparaffin
ized sections (Fig. 4-9). 

In common with other endocrine tumors, the usual histologic crite
ria of malignancy are unreliable when applied to islet cell neoplasms. 
Approximately 10% of insulinomas are malignant (13,15,22); they tend 
to be softer, more hemorrhagic, and less well encapsulated than their 
benign counterparts. Perineural invasion is strong diagnostic evidence 
for malignancy (23), although the most reliable criterion is the presence 
of metastases. There is no evidence that benign adenomas ever undergo 
malignant transformation (24,25). 

Islet cell carcinomas spread mainly to regional lymph nodes and via 
the blood stream to the liver. Metastases may be functioning or non-
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Fig. 4·14. Pathophysiology of a hypoglycemic attack. The initial rapid decline in 
blood glucose stimulates the reflex release of epinephrine by the adrenal. As the 
blood glucose level continues to fall, symptoms caused by epinephrinemia 
merge with those due to cerebral glucose deprivation. (Glucose is the chief en
ergy substrate for the brain.) 

functioning; if functioning, they will continue to secrete insulin even 
after the primary tumor has been removed (15). Even though many 
cases of metastatic disease may follow an indolent course, with patients 
surviving many years, median survival may be only 1-2 years (26,27). 

DIAGNOSIS 

CLINICAL FEATURES 

Insulinomas may occur at any age but are most common during the fifth 
and sixth decades of life, with a mild female sex predominance (11,13). 
The constellation of clinical signs and symptoms typically becomes ap
parent in the early morning before breakfast or several hours following a 
meal, and may be provoked by exercise. Many patients "learn" to avert 
these symptoms by taking frequent feedings or sweetened drinks, which 
may cause them to become obese. 

The most prominent symptoms are those of neuroglycopenia (11), 
including diplopia, blurred vision, confusion, abnormal behavior, and 
amnesia. While these symptoms are usually global and generalized, 
focal neurologic dysfunction may be seen, frequently leading to an erro
neous diagnosis of a primary neurologic disorder. Focal seizures, paral
ysis, and coma may occur. Activation of the autonomic nervous system 
with catecholamine release accounts for the accompanying symptoms 
of weakness, sweating, hunger, tremor, and palpitations (Fig. 4-14). 
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INSULINOMA 

ABSENCE OF 
INSULIN 

ANTIBODIES 

Diagnosis of insulinoma. The combination of hypoglycemia, hyperinsuline
mia. and absence of insulin antibodies is diagnostic. 

The release of epinephrine is a compensatory phenomenon which attempts to re
store blood glucose levels to normal by accentuating the breakdown of hepatic 
glycogen to glucose. In some patients, this increased glycogenolysis may be suf
ficient to cause spontaneous, temporary recovery. 

There is real danger that, with repeated and especially prolonged 
hypoglycemic attacks, particularly recurring over a long period of time, 
permanent neurologic damage may be sustained (23,28,29). Delayed 
diagnosis continues to be a problem, since over one-third of patients 
may suffer hypoglycemic episodes for 3 years or longer prior to correct 
diagnosis and treatment (11). 

LABORATORY STUDIES 

Measurement of plasma insulin by radioimmunoassay has greatly facili
tated and streamlined the diagnosis of insulinoma. Essentially three 
diagnostic criteria are required to solidify the diagnosis: (a) fasting se
rum hypoglycemia (typically a plasma glucose level at or below 40 
mg/dl); (b) concomitant hyperinsulinemia (serum level at or above 6 
fLU/ml), and (c) absence of insulin antibodies (Fig. 4-15). Some modifi
cations and additions are needed to encompass special circumstances 
(e.g., insulin-dependent diabetic with an insulinoma; surreptitious self
administration of sulfonylureas). 

In general, suppression tests are more reliable than stimulation tests 
for diagnosing insulinomas. A suppression test provides a means to 
assess homeostatic control because there is a lack of the normal feed
back inhibition of hormone secretion, which is the sine qua non of an 
autonomously functioning tumor. 

Fig. 4·15. 
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Prolonged Fast. Once an insulinoma is suspected, the diagnosis may be 
confirmed with a high degree of accuracy by a 72-hour fast (11,13). This 
is in essence an endogenous suppression test-failure of appropriate 
insulin suppression in the presence of hypoglycemia-substantiating an 
autonomously secreting insulinoma. 

The patient is hospitalized and fasts under close supervision. Exercise is encour
aged to help stimulate hypoglycemia. Simultaneous samples for plasma glucose 
and immunoreactive insulin (IRI) should be drawn when the patient develops 
significant hypoglycemic symptoms. The fast is then stopped and glucose is ad
ministered intravenously to relieve the symptoms, thereby satisfying the classic 
Whipple's triad. 

One-third of insulinoma patients become hypoglycemic within 12 
hours of fasting; 80% within 24 hours; 90% within 48 hours; and virtu
ally 100% within 72 hours (11,13). The hypoglycemia must be accompa
nied by an inappropriate elevation of the plasma insulin level. The opti
mal method of interpreting concomitantly drawn glucose and IRI levels 
is somewhat debatable. 

Absolute values of glucose at or below 40 mg/dl with simultaneous IRI at or 
above 6 /LV/ml is virtually 100% accurate (11,13). These are the diagnostic crite
ria favored by the authors. Alternatively, an IRI to glucose ratio of 0.30 or 
greater has been diagnostically reliable in most patients (30) but may mistakenly 
exclude some with the disease. 

Provided that the surreptitious self-administration of insulin has 
been excluded by the absence of circulating insulin antibodies, the diag
nosis is confirmed. The prolonged fast is so reliable that it forms the 
"gold standard" to which all other tests must be compared. 

Ancillary Tests. A number of ancillary tests may be valuable in the 
diagnostic evaluation of insulinoma. Proteolytic cleavage of proinsulin 
results in equimolar concentrations and secretion of insulin and con
necting peptide (C-peptide). Approximately 85% of patients with insu
linomas have elevated plasma levels of proinsulin (31), which is particu
larly helpful when the fasting IRI is somewhat low or borderline (31,32). 
Very high proportions of proinsulin are indicative of islet cell carci
noma. 

A sensitive and accurate assay for C-peptide has become useful in 
several respects. Since C-peptide is secreted in equimolar amounts as 
IRI, it also reflects endogenous ,a-cell secretion. It does not cross-react 
with insulin antibodies. Thus, failure to detect C-peptide during periods 
of hypoglycemia and hyperinsulinemia indicates that the assayable insu
lin is not endogenous. This would indicate exogenous insulin adminis
tration since commercially available insulin does not contain C-peptide. 
While this situation is rare, it is usually seen in patients with some 
medical knowledge and has reportedly even led to operation under the 
mistaken impression that an insulinoma was present (33). Factitial hy-
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perinsulinism in an insulin-dependent diabetic constitutes a special diag
nostic problem because the presence of plasma insulin antibodies in 
these individuals is to be expected. However, only if there is excess 
endogenous insulin secretion will the C-peptide be elevated (34). 

In the C-peptide suppression test, infusion of beef or pork insulin 
with simultaneous assay for C-peptide demonstrates appropriate sup
pression in normal individuals. Although this test is not 100% reliable, 
the C-peptide fails to be suppressed in most patients with an insulinoma, 
consistent with an autonomously secreting tumor. 

Fish Insulin Suppression Test. Since there are sufficient immunologic differences 
between fish and human insulin to allow their separate assay, fish insulin may be 
used to test for normal suppression (35). Following administration of fish insulin, 
patients with an insulinoma fail to show normal suppression of assayable human 
IRI. Fish insulin, however, is not available in the United States, and this test 
rarely seems necessary due to the development of the C-peptide assay and sup
pression test. 

Provocative Tests. Provocative tests are rarely necessary and are gen
erally less reliable than the 72-hour fast. However, the tolbutamide test 
and the calcium infusion test offer safe, rapid, and reasonably reliable 
results. The use of leucine or glucagon for stimulation has virtually been 
abandoned. 

The tolbutamide test was the first of the provocative tests to be 
described (36) and is still used in a supervised, outpatient setting. Pa-

Fig. 4·16. 
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tients with insulinomas demonstrate an increased sensitivity and conse
quent hypersecretion of insulin in response to tolbutamide infusion. 

Following an overnight fast, I g sodium tolbutamide is infused intravenously 
over 2 minutes. Plasma glucose and insulin levels are sampled for 3 hours. 

The results that provide the best discrimination between normal individ
uals and those with insulinomas are the absolute glucose levels and 
plasma IRI during the last hour of the test (11). A plasma glucose of less 
than 47 mg/dl and/or a plasma IRI of 20 /LV/ml during the third hour is 
highly suggestive of an insulinoma (Fig. 4-16). 

Similar to its stimulatory effects of calcitonin and gastrin in patients 
with medullary thyroid carcinoma and gastrinoma, calcium infusion 
selectively stimulates insulin secretion in patients with insulinomas. 

Calcium gluconate (5 mg Ca++/kg/hr) is infused for a 2-hour period. Plasma glu
cose and IRI are drawn at I5-minute intervals during the test. 

No significant increases of insulin or decrease of glucose is seen in 
normal individuals or those with reactive hypoglycemia (37). In con
trast, most adult insulinoma patients reliably show a rise in IRI and fall 
in plasma glucose during calcium infusion (38). 

Tests for Malignancy. No blood test presently exists that reliably distin
guishes a benign from a malignant islet cell tumor in all cases. As stated 
previously, a very high level of proinsulin is suggestive of a malignant 
insulinoma. Kahn et al. (39) reported that human chorionic gonadotro
pin (HCG) and its subunits have been elevated in malignant insulinoma 
(immunoreactive HCG elevated in 25%, HCG-f3 in 21%, HCG-a in 57%) 
but were normal in all 41 benign insulinomas tested. Thus, an elevated 
HCG seems very suggestive of malignancy. 

Many cases'of nonpancreatic tumors associated with hypoglycemia 
have been reported (40,41). Most have been large retroperitoneal sarco
mas, easily identifiable either clinically or by radiographic means. The 
cause of hypoglycemia associated with these tumors remains obscure. 
Some tumors have been reported to contain increased biologic insulin
like activity; but plasma IRI levels, when assayed, have been normal or 
low in these patients (42). 

PREOPERATIVE LOCALIZATION STUDIES 

With the diagnosis of insulinoma biochemically confirmed, several op
tions are available for localization. While some authors dispute the need 
or value of preoperative localization (43), most have utilized either vis
ceral arteriography or percutaneous transhepatic sampling. CT and ul
trasonography have failed to localize insulinomas in 30%-60% of pa
tients (12) but may improve with technical refinements. Operative, 
real-time ultrasound has recently been reported to be successful (44,45), 
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but further experience is necessary before its relative value can be 
assessed (Fig. 4-17). The impetus to proceed with localization seems 
sound since, in one series, 7 of 34 insulinomas could not be seen or 
palpated by the surgeon at the time of exploration (46). 

PANCREATIC ARTERIOGRAPHY 

Selective pancreatic angiography, utilizing stereoscopic filming with 
magnification and subtraction techniques, identifies between 50% and 
90% of tumors with a minimum diameter of 5 mm (43,46). It remains the 
localizing technique of choice for delineating insulinomas. Their typical 
angiographic appearance is that of a localized, densely staining tumor 
blush during the capillary phase (Fig. 4-18). False-positive interpreta
tions are principally caused by lymph nodes, hypervascular lobules of 
normal pancreas, and accessory spleens. 

PERCUTANEOUS TRANSHEPATIC VENOUS SAMPLING 

Percutaneous trans hepatic portal venous catheterization with subselec
tive sampling of pancreatic venous effluent for hormone assay was first 
reported in 1975 (47). Many encouraging reports have emerged subse
quently, including successful localization of small insulinomas or cases 
of islet cell hyperplasia that were undetectable by arteriography or in
traoperative palpation (48,49). This technique has been successfully 
utilized in localizing non-,B-islet cell tumors of the pancreas. This would 
seem particularly valuable in those tumors for which angiography is 
notoriously unsuccessful (i.e., Zollinger-Ellison syndrome). 

Transhepatic venous sampling requires considerable angiographic 
expertise and is tedious, costly, and uncomfortable for the patient. N ev
ertheless, it appears relatively safe and should be considered when 
angiographic localization fails or is equivocal. 

The portal vein is catheterized using a percutaneous, transhepatic needle, and 
the catheter is advanced by fluoroscopic guidance into the multiple small drain
ing veins of the entire pancreas. Blood is sampled at each site, a record of each 
sample is graphically noted, and simultaneous peripheral samples are taken as 
controls. Hormonal assays are performed on the blood samples. 

Tumors located in the head of the pancreas typically yield elevated 
hormonal levels in the anterior or posterior pancreaticoduodenal 
branches; tumors in the neck drain into the confluence of superior 
mesenteric and splenic veins; tumors in the body or tail drain at the 
corresponding point along either the splenic or transverse pancreatic 
veins. It is important to note that the transverse pancreatic vein may 
join the gastrocolic trunk. Elevated hormone levels at this point of the 
portal vein must not be mistakenly interpreted as localizing the tumor in 
the pancreatic head when it actually resides in the body or tail (Fig. 
4-19). 
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A B 
Celiac axis arteriogram. A. Capillary phase shows opacification of an insu- Fig. 4·18. 
linoma in the head of the pancreas (arrows). B. The valuable addition of 
subtraction films clearly demonstrates the insulinoma. 

Percutaneous transhepatic venous sampling. Multiple sites of sampling Fig. 4·19. 
(e) are necessary for localization . 

...c Localization of insulinoma. A. Transverse intraoperative sonogram of the 
head of the pancreas and uncinate process demonstrating a subtle, round, 
9-mm solid mass-insulinoma (arrows). IVC, inferior vena cava; LRV, left renal 
vein; Ao, aorta; V, superior mesenteric vein; open arrow, superior mesenteric 
artery. B. CT scan with intravenous contrast. A small insulinoma (arrow) is 
localized in the body of the pancreas. C. Preoperative transverse sonogram of 
the pancreas (same patient as in B). A 1-cm hypoechoic insulinoma is demon
strated in the body of the pancreas. L, left lobe of liver; SV, splenic vein; S, 
superior mesenteric artery; Ao, aorta; IVC, inferior vena cava. 

Fig. 4·17. 
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TREATMENT 

The only curative and clearly the best treatment for insulinoma is surgi
cal excision. In the past, the surgical approach was often complicated 
by an uncertain diagnosis and by difficulty in identifying the tumor. 
Since insulinomas are typically small, they may be difficult to distin
guish from a lobule of normal pancreas. In fact, prior to the availability 
of pancreatic arteriography, Warren (50) reported that, despite thor
ough surgical exploration, a tumor was not seen or palpated in as many 
as 25% of patients undergoing operation for insulinoma. Even with 
current techniques insulinomas may evade preoperative localization. 

In patients with occult tumors, those with suspected multiple tu
mors or nesidioblastosis, and others in whom serious operative risk is 
anticipated, a preoperative trial of medical treatment with diazoxide has 
been advocated (30,43,51). Evaluation of the response and side effects 
during this trial may provide valuable guidance regarding the extent of 
resection. 

SURGICAL 

Preoperative Preparation. In the interim between confirmation of the 
diagnosis and operation the patient must be protected from hypoglyce
mic attacks by frequent feedings and a constant intravenous dextrose 
infusion. Shortly before operation, all dextrose-containing fluids are 
discontinued and the closely monitored plasma glucose is allowed to 
fall. The expected "hyperglycemic rebound" following excision of the 
tumor will thereby be more apparent. 

Intraoperative Management. The authors have found it useful to moni
tor the patient's blood glucose concentration during operations for in
sulinoma. This practice obviates the risk of severe hypoglycemia occur
ring undetected under anesthesia and helps to confirm that all 
functioning tumor has been removed (13,29) (Fig. 4-20). 

During the procedure, blood glucose values are determined every 15 minutes 
until the tumor is removed; then every 5 minutes thereafter for approximately I 
hour; then as frequently as seems prudent. 

The blood glucose level usually rises appreciably within 30-45 minutes 
if all hyperfunctioning tissue has been removed. An alternative method 
for monitoring is the use of a computerized, continuous-flow, enzymatic 
system. This acts as an "artificial {3 cell," providing either continuous 
glucose control or continuous glucose monitoring (38). 

Intraoperative blood glucose monitoring, however, is not without 
some problems. There have been reports of hyperglycemic responses 
despite retained hyperfunctioning islet cell tissue (52,53). Significantly 
delayed hyperglycemic rebound-a false-negative result-has also 
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Intraoperative monitoring of blood glucose. Blood glucose and plasma in- Fig. 4·20. 
sulin (IRI) levels before, during, and after operation for insulinoma. The rebound 
in blood glucose concentration after the tumor is removed gives assurance that 
no additional tumor is present. 

been reported (52,54). Despite these faults, this technique is helpful, 
and the authors continue to use it. However, extending a pancreatic 
resection based solely on depressed intraoperative blood glucose levels 
seems unWIse. 

Operative Strategy. Even when a solitary insulinoma has been identi
fied by preoperative arteriography, it is essential to explore the entire 
pancreas to exclude the possibility of multiple tumors. Kocherization of 
the duodenum allows careful examination of the pancreatic head, and 
exposure of the body and tail of the pancreas is performed via the lesser 
sac by reflecting or dividing the gastrocolic omentum. 

When a single tumor is present and palpable near the surface of the 
pancreas, it may be safely enucleated. By careful elevation of the 
superficial operculum of normal pancreas, the tumor is exposed. Metic
ulous dissection in the plane between the tumor and normal pancreas 
usually prevents damage to the main pancreatic duct. For tumors that 
are deeply embedded in the body and tail of the pancreas, distal pancre
atectomy is recommended (55). Pathologic confirmation of islet cell 
tumor by frozen section is mandatory. Multiple, locally invasive, or 
large tumors require resective procedures, rarely necessitating a pan
creaticoduodenectomy (Whipple procedure) if the mass is located in the 
head of the pancreas. If metastatic islet cell carcinoma is present, resec
tion of the primary neoplasm and any accessible metastatic nodules may 
offer significant palliation for an extended period of time. 
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If an insulinoma cannot be found despite a thorough operative 
search including ectopic sites, the entire body and tail of the pancreas to 
the left of the superior mesenteric vessels may be resected. The speci
men should be sliced into thin sections for frozen-section examination. 

On rare occasions, histologic examination reveals islet cell adenomatosis or nesi
dioblastosis for which a 75%-80% resection seems most appropriate to control 
the hyperinsulinism without causing diabetes (19,53). Administration of diazox
ide is advised if the operation fails to control the disease adequately. 

If the lesion is still not found, further resection just to the right of the 
mesenteric vessels would seem appropriate. Resection of the remaining 
head of the pancreas, resulting in total pancreatectomy, is contraindi
cated as a primary procedure (38,51) for the following reasons: (a) small 
adenomas may be overlooked by the pathologist at the initial examina
tion only to be found later on further sectioning (56); (b) intraoperative 
glucose rebound may be significantly delayed; and (c) treatment with 
diazoxide may be preferable to incurring permanent insulin-dependent 
diabetes, exocrine pancreatic insufficiency, and the significant opera
tive mortality and morbidity risks. Total pancreatectomy may subse
quently be necessary if medical therapy fails. 

Postoperative Management and Results. A transient diabeticlike state 
is expected postoperatively, presumably due to the suppressive influ
ence of the tumor on extraadenomatous islet cell function. Glucose 
values ranging from 200 to 300 mg/dl are common; insulin is adminis
tered only for significant glycosuria, ketonuria, or electrolyte abnormal
ities. 

Surgical cure of benign lesions is expected in at least 90% of cases, 
with an operative mortality risk of less than 5% (13). Postoperative 
complications occur in approximately 15% of patients, the most serious 
including pancreatic pseudocyst or fistula, and sepsis. Long-term 
results are usually excellent, with persistent insulin-dependent diabetes 
occurring in fewer than 10% (29) and neuropsychiatric disorders re
ported sporadically (57). 

Malignant insulinomas are frequently resectable for cure, aggressive 
resection being well justified. Radical, high-risk procedures for widely 
metastatic lesions, however, are rarely justified. Palliative resections to 
reduce hormonal effects are recommended when they may be accom
plished safely. 

NONSURGICAL 

Medical therapy may become necessary in a variety of situations: (a) 
patient who cannot tolerate general anesthesia; (b) persistent sympto
matic hyperinsulinism following 80% resection for nesidioblastosis; (c) 
unsuccessful abdominal exploration; or (d) metastatic disease. 
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Diazoxide (a thiazide derivative) increases blood glucose by inhibit
ing insulin release and decreasing peripheral glucose utilization. Ad
verse side effects are frequent and may preclude its use. These include 
salt and water retention, hirsuitism, nausea, bone marrow depression, 
and hyperuricemia (58). The usual dose is 100 mg, three to four times 
daily, increasing as needed to control hypoglycemia. A diuretic, trichlo
methazide, may be added for both control of edema and a synergistic 
hyperglycemic effect with diazoxide. 

Streptozotocin, an antitumor antibiotic isolated from Streptomyces 
acromogenes, has been widely used in islet cell carcinoma either alone 
or in combination with 5-fluorouracil (59,60). Streptozotocin is highly 
toxic to the pancreatic f3 cells. One-half to two-thirds of patients with 
metastatic disease have achieved partial remission, and complete remis
sion has been reached in 17%-33% (60,61). Unfortunately, these bene
fits are attained at the cost of considerable drug-related toxicity: 95% of 
patients experience nausea and vomiting, sometimes severe, early in 
the course of therapy. Renal tubular damage is the most serious toxic 
effect, monitored best by serial urine protein quantitation. Hepatic and, 
rarely, hematopoietic toxicity has also been observed (60). Despite 
these side effects, clinical amelioration of hypoglycemia allows most 
patients to pursue their usual occupations during treatment with the 
drug. 

Hypoglycemia in Children. While exceedingly rare in adults, nesidioblastosis is 
the most common cause of hyperinsulinism in infants and children under the age 
of 2 years (62). Differentiation of infants with the more common "idiopathic" 
hypoglycemia from those with nesidioblastosis is difficult, necessitating keen 
awareness to prevent serious neurologic damage. Drug therapy has generally 
been disappointing, although most of these children are successfully treated by 
80%-90% pancreatectomy. Rarely, total pancreatectomy may be necessary if ad
junctive diazoxide provides insufficient control (63). 

As first described in 1955, Zollinger-Ellison syndrome (ZES) consisted 
of two patients with the triad of fulminating, atypical peptic ulceration, 
gastric acid hypersecretion, and a non-f3-islet cell tumor of the pancreas 
(64). Considerable evolution in our understanding and management of 
patients with ZES has occurred since this landmark report (Fig. 4-21). 
Of major importance was the development of a radioimmunoassay for 
gastrin (65), which provided the basis for positively establishing the 
diagnosis nonoperatively. The present requirements for diagnosis in
clude gastric acid hypersecretion and hypergastrinemia; virulent ulcer 
disease and demonstration of a pancreatic tumor are no longer prerequi
sites. The diagnosis of ZES usually refers exclusively to patients with 

Zollinger
Ellison 
Syndrome 
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gastrinoma, but some have included the rare entity of antral G-cell 
hyperplasia. ZES probably accounts for less than 1 % of peptic ulcer 
disease, with an age range of 7-90 years, and a peak age of presentation 
between the third and sixth decades (66). 

PATHOLOGY 

Gastrinomas are usually small, pale yellow or plum-colored tumors 
which may be extremely difficult to identify at operation or even at 
postmortem examination. Gastrin is not normally present in the adult 
pancreas (67). That the pancreatic D cell is the origin of gastrinomas 
bears testimony to the pleuripotentiality of the APUD islet cells. On 
light microscopy, gastrinomas often bear a striking morphologic resem
blance to carcinoid tumors, with small uniform cuboidal cells arranged 
in a trabecular pattern or in sheets or clumps. Malignant tumors cannot 
be distinguished from their benign counterparts with any certainty using 
microscopy alone. As with many other endocrine tumors, the single 
definitive criterion of malignancy is the presence of metastasis. 

DIAGNOSIS 

CLINICAL FEATURES 

Fox et al. (68) have collected over 800 cases of ZES in the Zollinger
Ellison Tumor Registry (maintained at the Medical College of Wiscon
sin, Milwaukee); these data, together with many other reports, provide 
a substantial basis for our understanding of this disease. At least 60%-
75% of ZES tumors are malignant (68-70), 50% have metastases at the 
time of diagnosis, 50% of the pancreatic tumors are multifocal (71,72), 
up to 30% of ZES tumors are undetected by the surgeon, and over 50% 
of patients undergoing what was judged a curative tumor excision have 
persistent or recurrent disease (73). Approximately 20%-30% of gas
trinomas are part of the MEN-I syndrome (74) with multiplicity in this 
setting approaching 100%. 

Hyperplasia of pancreatic islets occurs in most patients with gas
trinoma and is apparently a consequence rather than a cause of the 
hypergastrinemia: gastrin has not been found in these hyperplastic islets 
by immunohistology or by extraction (75). Slightly more than 10% of 
patients have duodenal wall gastrinomas (66,68), only one-half of which 
are solitary. The other half have hepatic or regional node metastases or 
are associated with pancreatic tumors. When contemplating operation 
one reaches the repeatedly confirmed conclusion that, even following 
preoperative exclusion of patients with obvious liver metastases and 
those with MEN-I syndrome, the likelihood of finding a solitary, be
nign gastrinoma amenable to curative excision is only 20%-25% 
(66,68,72,75,76). 
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Metastases 

Common features of the Zollinger. Ellison syndrome. 

Gastric 
hypersecretion 

...... -....--Diarrhea 

Fig. 4·21. 
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Table 4·1. 

Peptic Ulceration. Approximately 90% of patients with ZES present 
with symptoms and signs due to peptic ulcer disease (68). These ulcers 
often are refractory to medical treatment; pain may be severe, and 
complications are frequent, necessitating emergency treatment in about 
20% of patients for both perforation and hemorrhage (68). Classically, 
diagnostic clues suggesting ZES included ulceration during childhood, 
recurrent ulceration following surgical treatment (especially during the 
postoperative hospitalization), and the presence of multiple or atypical 
ulcers-jejunal ulcers being virtually pathognomonic for ZES. 

Esophageal ulcers and esophagitis are unusual findings, despite the presence of 
excessive gastric acid, because the direct action of gastrin causes increased tone 
of the lower esophageal sphincter (77). 

It is important to realize, however, that not all patients with gas
trinoma have a catastrophic or fulminant clinical course. Some may 
have chronic, uncomplicated dyspepsia for as long as 20 years; these 
cases are virtually impossible to distinguish from the "type ordinaire" 
peptic ulcer. The spectrum of the disease seems to have changed in the 
past decade, in part due to increased diagnostic awareness. The fre
quency of diagnosis has doubled, with a shorter duration of symptoms, 
and fewer patients have undergone previous operations (78). Endosco
pically, nearly one-half of patients show only duodenitis without frank 
ulceration, although the incidence of perforation and hemorrhage still 
remains nearly constant. 

Routine screening serum gastrin determinations on all duodenal ul
cer patients may be excessive; however, certain associated criteria have 
been suggested that should alert the clinician to the presence of a gas
trinoma (79). Patients whose ulcer symptoms necessitate hospitaliza
tion, or those who also have diarrhea, nephrolithiasis, hypercalcemia, 
or pituitary abnormalities should receive an appropriate diagnostic eval
uation for ZES (Table 4-1). 

Diarrhea. Gastric acid hypersecretion due to the autonomous secretion 
of gastrin causes a secretory diarrhea in up to three-fourths of patients 
with ZES, and approximately 10% of patients with ZES have diarrhea 

High·Risk (Ulcer) Patients 
in Whom Basal Serum 
Gastrin Determination 
Should Be Obtained 

Surgery 
Hospital ization 
Diarrhea 
Hypercalcemia, nephrolithiasis 
Pituitary abnormality 
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Parathyro id Pituitary 

Multiple endocrine neoplasia type I. Tumors, usually multiple, involve 
parathyroid, pancreas, and pituitary. 

without ulcer disease (72,74). Most patients with diarrhea have about 
six watery stools daily, with a serum potassium below 2.9 mEq/liter. It 
may be severe enough to result in severe dehydration and profound 
hypokalemia. 

The diarrhea is temporarily relieved by nasogastric aspiration (80), 
in contrast to the secretory diarrhea of the Verner-Morrison syndrome 
(vipoma or WDHA syndrome), which is not. Treatment with cimetidine 
or total gastrectomy also "cures" the gastrin-induced diarrhea (81). 

The excess gastric acid interferes with the digestion and absorption of fat by (a) 
denaturation of pancreatic lipase (82), (b) interference with bile salt micelle for
mation by precipitation of glycine-conjugated bile acids (82), and (c) causing in
testinal mucosal damage (83). A further contribution to the diarrhea, and possi
bly the main cause in patients who have diarrhea without steatorrhea, is the 
direct effect of gastrin on the small intestine, causing impairment of water and 
sodium absorption (83) . Tumor tissue may produce other substances, such as 
prostaglandins, which affect intestinal motility and secretion, but this possibility 
is still speculative (84). 

ASSOCIATION WITH OTHER ENDOCRINE DISEASE 

The association of ZES with other endocrine disease-namely, 
parathyroid and pituitary-is known as MEN-I syndrome (Fig. 4-22). It 
is transmitted by an autosomal dominant gene. Hyperparathyroidism is 
usually manifest earliest and is most common (it is present in nearly 

Fig. 4·22. 
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90% of patients); 80% have islet cell tumors (ZES being most common); 
and 65% have disease of the anterior pituitary gland (85). The adrenal 
and thyroid glands may also be involved, although this is seen less 
frequently. ZES may occur in an isolated familial form (about 3% of 
cases) (72) with autosomal dominant inheritance, or it may occur spo
radically. 

The association between gastrinoma and hyperparathyroidism is especially note
worthy because of the stimulatory effect of hypercalcemia on release of tumor 
gastrin (see below). Correction of the hypercalcemia by parathyroidectomy may 
dramatically relieve peptic ulcer symptoms and cause a decrease in serum gas
trin concentration and gastric acid secretion even to normal levels (86-88). 

Clearly, screening of the first-degree relatives of all patients with 
gastrinoma occurring as a component of the MEN-I syndrome is man
datory. 

RADIOLOGIC EXAMINATION 

Standard upper gastrointestinal barium contrast studies may not only 
confirm peptic ulcer disease but sometimes also show features very 
suggestive of ZES (89). The most frequent abnormalities include a dis
tended, atonic stomach, with a large fasting fluid residue and prominent 
rugal folds, the radiologic counterpart to increased parietal cell mass. 

The duodenum may be greatly dilated-the mucosal folds being 
thickened due to edema and hyperplasia of Brunner's glands and simu
lating a cobblestone appearance which may be mistaken for Crohn's 
disease. There is rapid transit of the contrast material through the small 
bowel, causing flocculation of the barium. In addition, dilatation of the 
jejunum and the thickening and edema of the mucosal folds produce a 
"malabsorption pattern" in some cases (Fig. 4-23). Fewer of these 
classically described signs are seen with earlier diagnosis (78). 

LABORATORY STUDIES 

Gastric Secretory Studies. During the era predating reliable gastrin ra
dioimmunoassay, gastric acid secretion studies were valuable. How
ever, there is considerable overlap in test results between patients with 
idiopathic peptic ulcer disease and those with ZES (90,91). The stan
dard criteria included (a) 12-hour, overnight acid secretion greater than 
100 mEq, (b) basal acid output greater than 15 mEq/hr in the intact 
stomach (or greater than 5 mEq/hr after subtotal gastrectomy or vagot
omy), and (c) basal acid output to maximal acid output ratio of greater 
than 0.6. The value of these uncomfortable and expensive tests has been 
challenged; they should probably be replaced by the less expensive and 
more convenient serum gastrin determination, which provides equal 
diagnostic capability (92). 
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A 

Classic radiographic features of Zollinger. Ellison syndrome. A. Ulcera- Fig. 4·23. 
tion of the first and second portion of the duodenum. There is dilatation of the 
second portion of the duodenum and barium has flocculated in the upper small 
intestine to produce a " malabsorption" pattern. B. Cobblestone duodenum 
due to mucosal edema and hypertrophy of Brunner's glands. C. Penetrating 
ulcer causing marked contraction and deformity of the first portion of the duo-
denum. There is considerable dilatation of the duodenum beyond the ulcer, 
so-called megaduodenum. The mucosal folds in the upper stomach are prom-
inent. 

B 

c 
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Radioimmunoassay of Gastrin. Fasting serum gastrin is a relatively in
expensive, reasonably reliable, and widely available test which should 
be obtained in all patients suspected of having ZES, and probably any 
patient scheduled for surgical treatment of duodenal ulcer disease. An 
elevated fasting serum gastrin level alone is insufficient for diagnosing 
ZES; the diagnosis should be confirmed using stimulation tests. 

Gastrin is actually a family of polypeptide hormones, predominantly occurring as 
two biologically active forms: big gastrin, G-34; and little gastrin, G-I7. Minigas
trin, G-14, is also active, whereas big-big gastrin appears to be minimally active. 
In both normal and ZES patients, there is more G-34 than G-17. Most gastrin 
antisera are equally sensitive to all the major gastrin species. There are data to 
suggest that a strong correlation exists between the G-17 level and the presence 
of hepatic metastases (93). Specifically, persistently low levels of G-17 seem to 
be associated with prolonged, metastasis-free intervals (94), whereas in one se
ries all patients with more than 20% G-17 had definite hepatic metastases (93). 

Serum gastrin may be elevated in patients with the following: perni
cious anemia (these patients also have achlorhydria); renal failure; 
chronic gastric outlet obstruction; retained, excluded antrum (patients 
who have previously undergone a Billroth II partial gastrectomy with 
residual antral mucosa left attached to the duodenal stump-gastrin is 
strongly stimulated by the continuous bathing in the alkaline bilious and 
pancreatic secretions); and antral G-cell hyperplasia (95,96) (immuno
fluorescent examination of the antral mucosa confirms massive hyper
plasia of G cells). 

Normal subjects and patients with duodenal ulcer, including those 
who have had subtotal gastrectomy or vagotomy (64), have fasting gas
trin concentrations of 50-200 pg/ml (68). However, as many as 40% of 
patients with proven gastrinomas may have fasting gastrin levels be
tween 100 and 500 pg/ml. This overlap requires further definitive diag
nostic tests (97). 

Secretin, Calcium, and Protein Stimulation Tests. The bolus intrave
nous infusion of secretin (2 U/kg) in patients with gastrinoma reliably 
produces a prompt, marked, paradoxical increase in the serum gastrin 
concentration (66,68,75,98,99). Peak response values of gastrin, usually 
reached within 5-10 minutes after infusion, seem to be the best criteria 
for confirmation of the diagnosis and may approach 100% sensitivity 
and specificity (99) (Fig. 4-24). Patients with idiopathic peptic ulcer 
disease, G-cell hyperplasia, and retained gastric antrum do not show a 
similar stimulatory response (75,99,100). 

In patients with gastrinoma, a continuous infusion of calcium glu
ceptate (15 mg/kg) over a 4-hour period also produces a gradual, marked 
increase in gastrin levels (Fig. 4-25). This response is again exclusively 
limited to gastrinoma patients, showing essentially no overlap with 
other ulcer patients when peak values are utilized (99). From a practical 
standpoint, the secretin infusion test is the procedure of choice as it is 
safer, quicker, more reliable, has fewer false-negative results, and is 



ZOLLINGER-ELLISON SYNDROME 273 

2000- r----------------------..... 

1800-

E 
~ 1200-
c:: 

.~ 1000-
n) 
00 

E 2 800-
w 

(/) 

600-

400-

200-

• 
~ . 

• 

• • Secret in 

• • Calcium 

O-~-~--~--~-~~-~-~---~--~--~ I I I I I I I I I 
o 30 60 90 120 150 180 210 240 

Minutes 

Secretin and calcium stimulation tests. Typical response of serum gastrin Fig. 4·24. 
to secretin and calcium infusion tests in a patient with gastrinoma. 

more easily tolerated by the patient (98,99). The calcium infusion test 
should probably be reserved to help delineate the rare equivocal results 
obtained using the secretin test. 

In normal patients and those with ordinary ulcer disease, serum 
gastrin increases 50%-100% during the first hour following a protein 
meal (66,68,75). There is little change, if any, in circulating gastrin in 
patients with ZES because tumor release of gastrin is unaffected by 
gastric distention or dietary secretagogues. In contrast, patients with 
antral G-cell hyperplasia show a markedly accentuated rise in serum 
gastrin (101) (Table 4-2). 

Serum Gastrin Response in the Diagnosis of ZES 

Diagnosis 

Idiopathic ulcer 

G-Cell hyperplasia 

Gastrinoma 

Secretin* 

l' l' l' 

Calcium 

l' l' l' 

Protein 

l' 

l' l' 

. i , increase in gastrin; ii, moderate increase in gastrin; iii, 
marked increase in gastrin; -, little or no change in gastrin lever 

Table 4·2. 
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Fig. 4·25. Gastrinoma: localization and treatment options. The drugs Ranitidine and 
Omeprazole may be substituted for Cimetidine. 
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When the rare diagnosis of G-ceU hyperplasia is confirmed by normal secretin 
and calcium infusion tests, and an exaggerated response to a protein meal, an
trectomy is curative. 

PREOPERATIVE LOCALIZATION STUDIES 

The impetus to pursue preoperative localizing studies for patients with 
gastrinoma emerged simultaneously with the success of the histamine 
Hz-receptor antagonist, cimetidine. Treatment could be aimed not only 
at control of acid secretion but also at possible curative excision of the 
tumor. Admittedly, the proportion of patients in whom such surgery is 
feasible is limited-perhaps only 20%-25%-but this is a far higher 
percentage, with a markedly better prognosis, than those patients with 
ductal pancreatic carcinoma. Localization need not even be considered 
if treatment is strictly limited to either extreme of the therapeutic spec
trum-either cimetidine therapy or total gastrectomy. However, both 
of these approaches, if inflexibly applied, deny the patient any chance 
for cure of the tumor and seem highly inappropriate. 

Prior to presently available localizing techniques, the most effective 
modality was intraoperative inspection and palpation by the surgeon. 
However, up to 50% of these lesions were not found at laparotomy, and 
support for proceeding with blind distal pancreatectomy seems very 
tenuous at best (76,102). 

Preoperative ultrasound or CT scanning may demonstrate hepatic 
metastases, thereby excluding curative surgery. However, these modal
ities have proven unreliable for localization of resectable lesions (103). 
Whereas arteriography has generally proven efficacious in identifying 
insulinomas, similar success in attempts to localize gastrinomas has 
been achieved in only 20%-30% of patients, with false-negative and 
false-positive error rates of greater than 50% (102, 104,105). 

Percutaneous transhepatic selective venous sampling has been used 
successfully to localize gastrinomas in some cases (106,107,108), includ
ing several in which all other modalities had failed (09). When this 
technique provides strong evidence that the tumor is unifocal, located in 
the body or tail of the pancreas, with no metastases, a distal pancreatec
tomy seems justifiable, even if the lesion is nonpalpable. 

TREATMENT 

The classic therapeutic treatment of total gastrectomy for all patients 
with gastrinomas was based on the well-established fact that the risks of 
potentially lethal complications incurred by the ulcer disease out
weighed the delayed mortality risk of this rather indolent malignancy. In 
addition, these tumors are frequently metastatic, multiple, and/or oc-
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cult, and thus rarely amenable to curative surgery. However, the recog
nition that nearly all patients could achieve adequate control of the 
gastric hypersecretion with histamine H2-receptor antagonists-at least 
in the short term-has stimulated a total reevaluation of the therapeutic 
management of these patients (Fig. 4-25). 

GASTRINOMA WITH MEN SYNDROME 

The patient with ZES and associated primary hyperparathyroidism 
should first undergo cervical exploration. In a majority of cases correc
tion of the hypercalcemia significantly ameliorates the hypergastrinemia 
and gastric hypersecretory state (110-112). Attempts at curative sur
gery seem fruitless as the gastrinomas are virtually always mUltiple and 
diffuse (109). 

NONSURGICAL 

Abundant evidence of successful control of acid hypersecretion by 
pharmacologic means justifies it as a primary mode of therapy 
(76,81,113,114). All patients with the confirmed diagnosis of gastrinoma 
should be initially treated with cimetidine or ranitidine. At least 85% of 
such patients may be expected to sustain symptomatic relief of dyspep
sia and diarrhea, concomitant with a reduction in hyperacidity and ulcer 
healing. The medication schedule (cimetidine, 300-600 mg every 6 
hours) must be assiduously followed, since even short lapses may lead 
to serious complications. Side effects related to cimetidine have gener
ally been mild and infrequent, predominantly limited to gynecomastia 
and impotence. Complications that require operation specifically re
lated to failure of adequate cimetidine therapy, at least in the short term, 
probably occur in less than 10%-15% of patients, and patient accep
tance is nearly universal (81,113). 

During initiation of medical treatment, one should proceed with 
evaluation for the presence of multiple tumors, metastatic disease, and 
MEN-I syndrome. If anyone of these is confirmed, curative surgery is 
virtually impossible; attempts at tumor localization are reserved for the 
remaining group. After it has been determined whether medical therapy 
offers sufficient control, those with apparently localized disease and all 
medical failures should undergo operation. 

SURGICAL 

Abdominal exploration should be considered for all gastrinoma patients 
except those with known metastatic disease controlled medically, those 
with unrelated contraindications to surgery, and probably those with 
MEN-I syndrome. 
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Total Gastrectomy. Total gastrectomy is the standard, end-organ abla
tive treatment for this disease. Postoperative sequelae seem to be better 
tolerated than when it is performed for gastric adenocarcinoma (68,73), 
nevertheless, the operative mortality rates range from 2% to 27% in 
elective cases and may double in the emergency setting (68,76,115,116). 

This procedure provides long-term, complete control of gastric hy
persecretion. The necessity for patient compliance is limited to monthly 
vitamin BI2 injections rather than multiple daily tablets. Total gastrec
tomy should therefore be considered a primary therapeutic alternative 
uniquely suited to all patients who have failed medical therapy and 
any patient who is unable, too unreliable, or unwilling to follow a rigid 
medication schedule. According to the Zollinger-Ellison Tumor Regis
try of over 800 case reports (68), the overall 5- and IO-year survival rates 
after total gastrectomy are 55% and 42%, respectively. Patients with 
liver metastases have similar survival rates of 42% and 30%, respec
tively. 

Tumor Excision. The use of cimetidine has allowed safe, specific tumor 
excision and the avoidance of total gastrectomy (114,117,118). With the 
apparent trend toward earlier diagnosis, improved preoperative localiz
ing techniques, and the safeguard of pharmacologic control of hyper
acidity, attempts at complete curative tumor resection-albeit uncom
mon-seem reasonable. Tumors confined to the duodenal wall, distal 
pancreas, or even extrapancreatic and extraintestinallocations (119) are 
amenable to successful removal. Lesions in the head of the pancreas 
should be treated medically or by total gastrectomy. The chance of 
curative resection is remote, and the associated morbidity and mortality 
of pancreaticoduodenectomy is high. In addition, the prospect of subse
quent total gastrectomy for recurrent disease would be technically for
midable and nutritionally crippling. 

Proximal Gastric Vagotomy. Recent, limited experience with proximal 
gastric vagotomy as a surgical adjunct to cimetidine therapy seems very 
encouraging (120,121). Consistent reduction in acid hypersecretion has 
been achieved in a number of patients (121). It may be possible to 
employ this procedure in gastrinoma patients who require high-dose 
medical therapy, those undergoing emergency surgery, or those with 
occult disease. 

TREATMENT OF METASTATIC DISEASE 

Islet cell carcinomas frequently follow an indolent clinical course, the 
effects of the malignancy per se being overshadowed by the effects of 
endocrine hyperfunction. Since gastrinomas are slow growing, this is 
particularly true of these tumors. Despite the frequency of metastatic 
spread or the frighteningly high level of serum gastrin, the prognosis 
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WDHA 
Syndrome 
(Vipoma) 

generally remains good following the traditional treatment of total gas
trectomy (68,72,75). The 5- and IO-year survival rates of 42% and 30%, 
respectively, in patients with liver metastases proven at the time of total 
gastrectomy support this fact (73). About one-half of the late deaths, 
however, are due to metastatic spread, although this is often delayed 5-
15 years following the initial operation (72,75). Spontaneous regression 
of metastatic tumor after total gastrectomy has been reported (I22) but 
is rare, occurring in much less than 1% of cases. The high mortality 
previously associated with gastrinoma has been related more to the 
sequelae of gastric hypersecretion in the inadequately or untreated case 
rather than to the presence of metastases. 

Once control of gastric hypersecretion has been established either 
by medical or surgical means, attention may be directed specifically to 
tumor management. A conservative approach to chemotherapy has 
been adopted, since the natural history of the untreated tumor is often 
prolonged. For those whose tumors display more aggressive behavior, 
treatment with streptozotocin and fluorouracil may offer a 60% chance 
of tumor regression (123). Side effects include nausea and vomiting, 
reversible renal toxicity, and bone marrow depression (123). 

In 1958 Verner and Morrison (124) reported 2 cases of severe refractory 
watery diarrhea associated with non-{3, non-insulin-secreting islet cell 
adenomas of the pancreas. More than 100 cases of this syndrome have 
subsequently been described. Various names have been applied to the 
syndrome, including WDHA (watery diarrhea, hypokalemia, achlorhy
dria), vipoma, pancreatic cholera, and Verner-Morrison syndrome. The 
principal characteristics include severe watery diarrhea, marked hypo
kalemia, and hypo- or achlorhydria. 

PATHOLOGY 

Approximately 70% of these cases are caused by pancreatic islet cell 
tumors (D 1 cells) (125), 10%-20% are due to islet cell hyperplasia (126), 
and 10%-20% are extrapancreatic-originating in ganglioneuroblasto
mas, adrenal medullary tumors (127), or pulmonary tumors (128). About 
50% of the pancreatic tumors are malignant, 75% of which are meta
static at the time of diagnosis. They are infrequently multiple, occur in 
the body and tail in 80% of cases (126), and have been associated with 
MEN-I syndrome. Rarely are the extrapancreatic tumors malignant 
(129). The pancreatic tumors, ranging in size from 1.5 to 7 cm in diame
ter, are similar to other islet cell tumors in gross and light microscopic 
appearance. However, the level of vasoactive intestinal polypeptide 
(V IP) is reliably elevated (129) when chemical extraction is performed 
on the tumor. 
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DIAGNOSIS 

The age range is from 5 to 72 years, with a mean between 40 and 50 
(126). Ganglioneuroblastomas are usually found in children. The sex 
ratio is about equal. 

CLINICAL FEATURES (See Fig. 4-26) 

The dominant symptom is a profuse, watery, tea-colored, cholera-like 
diarrhea (ranging from 1-10 liters/day, typically 4-6 liters/day) that may 
be episodic or persistent. It is a secretory diarrhea affecting the gut 
distal to the stomach, and thus is unaffected by nasogastric suction. The 
resultant massive fecal loss of fluid and electrolytes is potentially life
threatening, leading to significant prerenal azotemia or even refractory 
renal failure and death (130). 

Spontaneous attacks of flushing occur in about 20% of patients; they 
resemble similar episodes due to carcinoid syndrome (129). This vaso
dilatation may be limited to the face and chest or involve the entire 
body. 

LABORATORY STUDIES 

Hypokalemia. Marked fecal potassium loss of 300-350 mEq/day (nor
mal, less than or equal to 15 mEq/day) (126) due to the severe diarrhea 
leads to muscular weakness, lethargy, and nausea and vomiting. Even 
with aggressive potassium replacement, serum levels average 2.2 mEq/ 
liter, which may exacerbate renal damage. 

Achlorhydria or Hypochlorhydria. Basal achlorhydria occurs in about 
one-half of the patients. Hypochlorhydria, responsive to histamine 
stimulation, is more common. Following tumor resection, rebound acid 
hypersecretion may occur. Acid secretory studies should be obtained 
during the diagnostic evaluation to help differentiate vipomas from gas
trinomas (Zollinger-Ellison syndrome). 

Hypercalcemia and Hyperglycemia. Between one-half and two-thirds of 
WDHA patients are hypercalcemic, with values frequently above 12 
mg/dl (126). A parathyroid hormone-like effect on the bone has been 
postulated to account for this, but these patients have normal parathy
roids. Excision of the vipoma cures the hypercalcemia. Similarly, ap
proximately 50% of these patients have fasting hyperglycemia, which 
also is cured with resection of the primary tumor (126). 

Plasma VIP. Little controversy now exists regarding the causative hu
moral agent. Elevated plasma and tumor levels of VIP have been re
peatedly demonstrated in patients with this syndrome (129,131,132). 
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Fig. 4·26. 

Clin ical 
Presentat ion 
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Treatment 

Evaluation and management of vipomas (WDHA). 

With rare exceptions, a raised plasma VIP level has been exclusively 
limited to these patients. Moreover, VIP levels have almost always 
been normal in patients with a variety of other endocrine and nonendo
crine tumors, as well as those with diarrhea of different etiologies 
(129,133). 

Exogenous VIP infusion in humans stimulates intestinal secretion, 
inhibits intestinal absorption and gastric acid secretion, and stimulates 
flushing, hypercalcemia, hyperglycemia, bile flow, and pancreatic bicar
bonate secretion (125,131,134,135). These effects correlate well with 
WDHA clinical syndrome. Very similar effects are seen with pros
taglandin E2 , which may play some role in the pathogenesis. 

Pancreatic polypeptide is also commonly secreted by these pancre
atic tumors (extrapancreatic tumors do not secrete this polypeptide). A 
biologic role for this hormone has not been defined; its value is presently 
that of a plasma marker. 
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PREOPERATIVE LOCALIZATION STUDIES 

Initially, either CT or ultrasonography should be attempted. Should 
these fail to localize a tumor, angiography is usually successful 
(129,132). Transhepatic venous sampling may have a role in difficult 
cases (136). 

TREATMENT 

SURGICAL 

Following vigorous preoperative resuscitation, surgical excision of both 
pancreatic and extrapancreatic tumors is the optimal form of treatment 
(Fig. 4-26). Benign tumors are cured by excision, with correction of all 
clinical and laboratory abnormalities (provided permanent renal damage 
has not occurred). If no tumor is found, one should probably regard the 
pathology as islet cell hyperplasia (nesidioblastosis) and proceed with a 
subtotal pancreatectomy. Some patients have required a subsequent 
completion total pancreatectomy for relief of symptoms (130,134,137). 
If metastatic disease is encountered, cytoreductive surgery for pallia
tion can be effective (138). At operation, the gallbladder is frequently 
markedly distended (73). Initially this was attributed to a secretin-like 
effect but it is now attributed to the action of VIP. 

NONSURGICAL 

Temporary symptomatic control may be achieved using steroid therapy 
(126,129,130); however, eventual relapse has been the rule. Streptozo
tocin has been effective in sustaining both objective tumor regression 
and clinical remission (129,139). 

Fewer than 100 patients with the glucagonoma syndrome have been Gluca
reported in the medical literature (140). The first presumed cases of gonoma 
glucagonoma were recorded in 1942 (141), although their association 
with hyperglucagonemia was not then recognized-the etiology was 
identified only in retrospect. The composite clinical and laboratory syn-
drome was first documented in 1966 by McGavran et al. (142) and 
confirmed by a series of patients with the disease in 1974 (143). 

This syndrome is caused by a pancreatic a-islet cell tumor which 
typically secretes massive amounts of glucagon. It produces a distinc
tive clinical syndrome, the most prominent features of which are diabe
tes and a characteristic dermatitis called "necrolytic migratory ery
thema. " 
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Table 4·3. 

PATHOLOGY 

The gross and light microscopic appearance of these a-cell tumors is 
indistinguishable from other islet cell tumors. Exact identification, how
ever, is possible using electron microscopy, immunofluorescent studies 
(143-145), and tumor extracts, which invariably demonstrate the pres
ence of glucagon (144). Nearly 80% of these tumors are 3 cm or larger in 
diameter (140), and 90% are located in the body or tail of the pancreas. 
From 60% to 75% are malignant (146,147), most frequently metastasiz
ing to regional lymph nodes or the liver. The appearance of metastatic 
disease may be delayed for years following apparently curative resec
tion (148), and neither tumor size nor plasma glucagon levels are predic
tive of malignancy. 

DIAGNOSIS 

CLINICAL FEATURES 

The age range spans the second to eighth decades, predominating in the 
sixth. There is essentially an equal sex ratio. The principal clinical 
features are listed in Figure 4-27. 

Diabetes mellitus is the most frequent component of the gluca
gonoma syndrome. The diabetes is usually mild; sometimes it is demon
strated only by an abnormal glucose tolerance test. Secondary systemic 
complications (e .g., nephropathy, neuropathy, opthalmopathy, etc.) 
and ketoacidosis are rarely present. 

Necrolytic migratory erythema is frequently the key to the diagnosis 
(Table 4-3). Initially it tends to affect the legs, lower abdomen, peri
neum, and perioral areas. These lesions may heal centrally concurrent 
with the rash progressing to involve adjacent areas. The lesions usually 
begin as markedly erythematous macules and papules and progress to 
blisters that then develop central epidermal erosion (149). They may be 
very painful, pruritic, and become secondarily infected. As the border 
of the mascular rash advances, the center heals with a residual brown 
pigmentation; the entire cycle is complete in 7-14 days. Skin biopsy of 
the advancing edge is pathognomonic (146). Stomatitis, glossitis, and 
cheilitis often accompany the rash. 

Necrolytic Migratory Erythema 

Distribution 
Lower abdomen, perineum 
Perioral skin 
Lower limbs 

Appearance 
Raised, reddened edematous patch 
Epidermis easily rubbed off 
Secondary infection common 
Edge of lesion spreads 

Histology 
Dermis normal 
Superficial epidermis 

necrotic, shows lysis 
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Diabetes mellitus 
Necrolytic migratory erythema 
Weight loss 
Thromboembolism 
Glossitis 

Diagnosis of glucagonoma. 

Although these patients generally maintain their appetite, significant 
weight loss is a very frequent finding. This is attributed to the marked 
catabolic effect of glucagon on carbohydrate, protein, and fat metab
olism. 

Both venous and arterial thromboembolic complications have been 
noted in up to 30% of these patients (143,146). These have been the 
cause of death in several instances; thus the use of prophylactic anti
coagulation is warranted. 

LABORATORY STUDIES 

Hyperglucagonemia. All patients in whom the syndrome has been pro
spectively recognized have had elevated basal immunoreactive plasma 
glucagon levels (140). The vast majority have shown markedly elevated 
levels averaging in excess of 5000 pg/ml; in normal individuals the level 
is less than 150 pg/ml (146). Hyperglucagonemia may be found in a 
number of non-islet cell tumor patients under circumstances of severe 
stress such as burns, trauma, myocardial infarction, sepsis, diabetic 
ketoacidosis, cirrhosis, chronic renal failure, and acute pancreatitis 
(150,151). 

Anemia. The commonly encountered normochromic, normocytic ane
mia may simply reflect the chronically ill state of the patients, or per
haps it is related directly to glucagon excess. Treatment with iron, 
vitamin B12 , and folic acid has usually been ineffective; tumor excision 
reverses the anemia. 

Hypoaminoacidemia. The marked stimulus of gluconeogenesis by glu
cagon accounts for the severe hypoaminoacidemia and hypoprotein
emia regularly found in these patients. It appears that hepatic clearance 

Fig. 4·27. 
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of plasma aminoacids for gluconeogenesis proceeds more rapidly than 
the peripheral catabolic breakdown of muscle protein. 

PREOPERATIVE LOCALIZATION STUDIES 

Since most tumors are large, initially ultrasound or CT scanning is 
utilized in an attempt to identify both the primary pancreatic tumor and 
metastatic disease. In addition, arteriography has been reliable in dem
onstrating both the prominent tumor blush and hepatic metastases 
(147,152). If these techniques prove unsuccessful, transhepatic venous 
sampling might then be employed (153). 

TREATMENT 

SURGICAL 

Dramatic and complete reversal of the entire constellation of clinical 
and laboratory abnormalities follows curative tumor resection. Cytore
ductive tumor debulking is generally recommended and seems to ame
liorate the clinical syndrome (140,154); however, this palliation fre
quently lasts less than 1 year. 

NONSURGICAL 

Used either alone or in combination with 5-fluorouracil, streptozotocin 
has produced significant tumor regression with concomitant improve
ment in clinical symptoms (144,146) Plasma glucagon provides an excel
lent marker for tumor recurrence and should be serially checked. Di
amino triazeno imidazole carboxamide (DTIC) has proven highly 
effective with minimal side effects (155). It has been recommended as 
the drug of choice for this malignancy (146). 

PROGNOSIS 

Approximately 10% of patients with the glucagonoma syndrome may 
achieve surgical cure, as judged by prolonged tumor-free survival (140). 
As in other islet cell malignancies, the tumor may follow a rather indo
lent course. Even with no treatment, one-half of these patients survive 
more than 5 years (140). This must be borne in mind when one contem
plates initiating chemotherapy or evaluates its effects. 
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Somatostatinoma syndrome is exceedingly rare: only 9 cases have been 
reported (156) since it was first described in 1977 (157). Most of these 
patients underwent limited endocrine evaluations since several of the 
tumors were found incidentally at the time of cholecystectomy. 

The clinical presentation is usually subtle and nonspecific, which is 
at least in part the reason for its rare recognition. Diabetes mellitus, 
cholelithiasis, steatorrhea, and indigestion associated with a D-islet cell 
tumor of the pancreas are the main elements of this syndrome. 

All tumors have been single and intrapancreatic, and five have been 
malignant. Uniformly positive immunofluorescent reaction with anti so
matostatin antiserum, and tissue extraction for somatostatin have been 
performed on these tumors to confirm the diagnosis (156). 

Many pharmacologic effects of somatostatin have been well charac
terized (125,158,159). It inhibits release of thyroid-stimulating hormone, 
growth hormone, insulin, glucagon, pancreatic polypeptide, gastrin, 
cholecystokinin, secretin, and gastric inhibitory polypeptide. As a 
result, it suppresses gastric acid secretion, pepsin secretion, gastric 
emptying, exocrine pancreatic secretion, gallbladder contractility, and 
intestinal motility. Somatostatinoma has also justifiably been named the 
"inhibitory syndrome." Plasma somatostatin levels are markedly ele
vated in these patients. The clinical manifestations of this hormonal 
excess include mild diabetes, steatorrhea, cholelithiasis, weight loss, 
indigestion, vomiting, postprandial fullness, and anemia (Table 4-4). 

Surgical e~cision may be curative (160), but most patients have been 
diagnosed late in the disease course; several have had metastases and 
died soon postoperatively. Current data are inadequate to assess the 
effectiveness of chemotherapy or present a meaningful guide to prog
nosIs. 

Clinical Features of Somatostatinoma 

Clinical Manifestation 

Steatorrhea 
Mild diabetes 
Cholelithiasis 

Indigestion 
Bloating 
Vomiting 
Anemia, weight loss 

Etiology: Inhibition of 

Exocrine pancreas 
Endocrine pancreas 
Gallbladder contractility; 

cholecystokinin 

Gastric emptying, 
intestinal motility 

(Secondary effects) 

285 

Somato
statinoma 

Table 4·4. 
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Fig. 4·28. 

Operative 
Technique 

SURGERY OF THE ENDOCRINE PANCREAS 

Inspection and palpation of the pancreas. Anterior exposure of the head, 
neck, and ucinate process of the pancreas may be performed by first reflecting 
the hepatic flexure of the colon away from the underlying duodenum and pan
creas. The greater omentum is reflected from its attachments to the colon and 
mesocolon. Further exposure is achieved by dividing the right gastroepiploic 
vessels and reflecting the antral and pyloric portions of the stomach superiorly. 

SURGICAL APPROACH FOR INSULINOMA 

Surgical excision of insulinomas is the only form of curative treatment. 
It can usually be performed with a high degree of success and safety, 
yielding excellent long-term results. Even when the disease is malignant 
and metastatic, palliative resection may still be indicated and lead to 
gratifying results. 

If the patient is obese (not an uncommon finding with insulinoma), a 
bilateral subcostal incision provides the best access to the pancreas. A 
high transverse or a generous upper midline incision may be preferred in 
the nonobese individual. Once the abdomen is opened, routine inspec
tion and palpation of the abdominal contents are carried out. MUltiple 
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The peritoneum along the lateral aspect of the duodenal loop is incised. The Fig. 4·29. 
duodenum and pancreas are freed from the underlying vena cava and aorta by a 
combination of blunt and sharp dissection. 

tumors of varying size are found in about 10% of cases. Thus, even if a 
tumor has been identified by preoperative arteriography, small supernu
merary lesions must be excluded by careful examination of the entire 
pancreas as shown in Figures 4-28 to 4-32. If the pancreas is more firmly 
tethered posteriorly, adequate palpation is possible only after thorough 
mobilization of the gland (Figs. 4-33 to 4-35). 

Most commonly, the removal of an insulinoma is accomplished by 
simple enucleation (Fig. 4-36). After the tumor is excised, the pancre
atic wound is inspected carefully for evidence of injury to the main 
pancreatic duct (see below). If no ductal injury is found, the pancreatic 
wound is closed with interrupted silk sutures and the area is drained 
(Fig. 4-37). 
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A 

Fig. 4·30. A. It is now possible to palpate the head, neck, and uncinate process of the 
pancreas between the fingers and thumb of the left hand. B. This cross
sectional view shows palpation of an islet cell tumor in the head of the pan
creas. C. In cases in which the uncinate process is inaccessible to palpation or 
feels suspicious, it should be exposed by an upward mobilization of the entire 
right colon and its attached mesentery. 
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B 

c 
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Fig. 4·31. The body and tail of the pancreas are best exposed via the lesser sac. The gas
trocolic omentum is incised along its avascular attachment to the transverse 
colon. To avoid injury to the spleen by excessive traction on the splenocolic 
ligament, the splenic flexure of the colon is mobilized. 
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The stomach is retracted superiorly and the transverse colon inferiorly (by the Fig. 4·32. 
assistant's left hand) to expose the pancreas. The loose areolar attachments be-
tween the body and tail of the pancreas and the retroperitoneal parietes usually 
permit palpation of the gland between the fingers and thumb of the right hand. 
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Fig. 4·33. Mobilization of the pancreas. The peritoneum is incised along the inferior 
border of the body and tail of the pancreas (broken line). Bleeding usually is 
minimal because the blood supply enters through the superior portion of the 
gland. 

Fig. 4·34. A and B. The areolar plane deep to the pancreas is now opened by blunt finger 
dissection, as depicted. The crooked fingers of the left hand elevate the tail of the 
pancreas and work in gentle motion, with the fingers of the right hand providing 
countertraction, to separate the areolar tissues and progressively free the gland. 



Fig. 4·34. 

A 

B 
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Fig. 4·35. The substance of the gland is palpated carefully between thumb and fingers. 
Suspicious nodules are exposed and biopsied. Lymph nodes and lobules of nor
mal pancreatic tissue may simulate the gross appearance of adenomas. All tis
sue removed (including any apparent adenomas) should undergo immediate fro
zen section and examination by the pathologist. 
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Enucleation of an islet cell adenoma from the posterior aspect of the Fig. 4·36. 
head of the pancreas. An Adson right-angle clamp is a useful dissecting in-
strument in this situation. Bleeders are controlled by cautery or ligated with silk; 
nonabsorbable sutures should be used whenever there is risk of exposure to the 
digestive effects of pancreatic juice. 

I 

Closure. The pancreatic wound is closed with interrupted silk sutures. Fig. 4·37. 
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/ 

Fig. 4·38. Distal pancreatic resection. The lienorenal ligament is divided to mobilize 
the spleen and tail of the pancreas. The short gastric vessels are divided and li
gated, freeing the spleen from the stomach. 

REPAIR OF INADVERTANT PANCREATIC DUCT INJURY 

If the duct is injured and the situation is not recognized, a fistula inevita
bly results. Injury to the duct in the body and tail of the pancreas is best 
managed by amputating the gland distal to the side of damage. The 
severed end of the remaining pancreas is oversewn (see Fig. 4-41 B-C). 

Transection of the main duct in the head of the pancreas is best 
treated by bringing a Roux-en-Y limb of jejunum up to the site of dam
age and fashioning a pancreatojejunostomy over the wound. If this is 
not feasible, total or subtotal pancreatectomy may be required. For a 
minor tear of the main duct in the head of the pancreas, a fine polyethyl
ene catheter can be threaded into the duct through the duodenal papilla 
to serve as a splint. The proximal end of the catheter is brought through 
the pylorus into the stomach and out via a gastrostomy tube to the 
surface. After 10-14 days of gastric decompression and local suction 
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The peritoneum along the upper border of the pancreas is incised and the Fig. 4·39. 
spleen, pancreas, and associated vessels are reflected from left to right. (The 
pancreas has already been mobilized from below; see Fig. 4-34.) 

drainage of the operative site the duct injury should be healed. A cathe
ter pancreatogram can be performed to determine whether the leak is 
indeed healed; the catheter and gastrostomy tube are removed subse
quently. 

DISTAL (75%) PANCREATIC RESECTION 

Although most adenomas located in the body and tail of the pancreas 
can be enucleated without difficulty, multiple or large tumors are proba
bly better treated by distal pancreatectomy. Blind distal pancreatec
tomy, which removes all of the pancreas to the left of the mesenteric 
vessels, seems indicated when a tumor is not palpable. Although it is 
possible to perform a distal pancreatectomy without sacrificing the 
spleen, the operation is greatly simplified by concomitant splenectomy 
(Figs. 4-38 to 4-41). 



Fig. 4·40. The splenic artery and vein are ligated and divided individually. 

c 

Fig. 4·41. The pancreas is transected (A). The main pancreatic duct is secured with a silk 
transfixion stitch or a metal clip. The cut end of the gland may be oversewn 
with a running silk suture (B), surgical staples. or individual figure-of-eight 
stitches (C). 
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Subtotal pancreatectomy. A. The broken line indicates the level of transec- Fig. 4·42. 
tion. Deep interrupted hemostatic ligatures are placed as shown prior to division 
of the pancreas. Alternatively, the pancreas may be transected after a double 
row of surgical staples are appropriately placed. B. The main pancreatic duct 
is individually suture-ligated, and any residual bleeders or secondary ducts are 
transfixed with figure-of-eight stitches. If resection potentially endangers the 
common bile duct, a supraduodenal choledochotomy may be made and a probe 
or similar instrument may be used as a guide to its intrapancreatic course. 

SUBTOTAL (80%-90%) PANCREATECTOMY 

If, after blind distal (75%) pancreatic resection no tumor has been found 
and there has been no hyperglycemic rebound, subtotal pancreatectomy 
may be indicated (Fig. 4-42). This is also the preferred operation for 
pancreatic islet cell adenomatosis. Regardless of the blood glucose re
sponse after subtotal pancreatectomy, in the opinion of the authors, 
blind total pancreatectomy is not justified at the first operation. 
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A 

Fig. 4·43. Pancreatoduodenectomy. A. Extent of resection. The body and tail of the 
pancreas are conserved in the conventional Whipple procedure. A pylorus
preserving resection might also be considered if feasible. B. Completed recon
struction following pancreaticoduodenal resection. This utilizes end-to-end pan
creaticojejunostomy, end-to-side choledochojejunostomy, and end-to-side gas
trojejunostomy. (There are several alternative methods of reconstruction .) C. 
Completed reconstruction following total pancreatectomy. Some surgeons pre
fer to remove the entire pancreas, thus avoiding the potentially serious morbid
ity (fistula, abcess) and mortality associated with a leak at the pancreaticojejunal 
anastomosis. Diabetes and pancreatic insufficiency seriously detract from this 
procedure, although they can usually be satisfactorily controlled. 

PANCREATODUODENECTOMY 

This operation should be reserved for cases in which there are large 
invasive lesions in the head of the pancreas that are impossible to re
move locally without serious injury to the common bile duct or duode
num (Fig. 4-43). 
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Fig. 4·44. Mobilization and resection of the stomach. The stomach is completely mo
bilized by dividing the gastrocolic and gastrosplenic omenta, the right and left 
gastric arteries, the gastroepiploic and short gastric vessels. The duodenum is 
transected and closed in a conventional manner. Finally, the esophagus is tran
sected just above the esophagogastric junction. 
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Construction of Roux·en·Y Loop. A and B. The jejunum is transected a Fig. 4·45. 
few inches beyond the ligament of Treitz. By incising to the base of the vascular 
pedicle (dotted line), adequate length is usually achieved. If necessary, progres-
sive division of mesenteric vessels, assuring that a main arterial trunk is pre-
served, will allow a longer Roux limb. 

TOTAL GASTRECTOMY FOR ZOLLINGER-ELLISON SYNDROME 

A long midline or upper abdominal oblique incision is used and the 
abdomen is explored. The entire pancreas is exposed and examined for 
a gastrinoma (see Figs. 4-28 to 4-35). The greater peritoneal cavity, 
parapancreatic lymph node area, and liver are carefully inspected and 
palpated for evidence of metastasis. Enlarged lymph nodes and suspi
cious nodules should be biopsied and submitted for frozen section ex
amination. (Not infrequently, tumor may be found in a lymph node in 
the absence of an obvious primary tumor.) To rule out the presence of a 
small submucosal duodenal wall tumor, duodenotomy may be neces
sary when a tumor is not identified in the pancreas. 

Two alternative forms of reconstruction after total gastrectomy 
have been used with success (Figs. 4-44-4-49). 
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B 

Esophagojejunostomy. A After first closing the proximal end of the jeju- Fig. 4·46. 
num, an end-to-side esophagojejunal anastomosis is constructed. The posterior 
row of interrupted permanent sutures is placed somewhat obliquely in the 
esophageal wall to prevent them from tearing through when tied. B. The pos-
terior, outer layer is complete, and a short jejunotomy has been made which will 
tend to stretch and elongate. (Continued) 
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c 

E 

F 

Fig. 4·46. Esophagojejunostomy. C and D The esophageal cuff is excised under the 
clamp, and the inner layers are approximated using absorbable suture. E and 
F The anterior row of interrupted sutures is placed, and the jejunum is an
chored to the diaphragm with a final row of interrupted stitches. This further 
supports the anastomosis and helps prevent tension on the suture line. 
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Roux·en·Y Jejunojejunostomy. The retrocolic Roux-en-Y reconstruction is Fig. 4·47. 
completed by first closing the defect in the mesocolon around the Roux limb, 
then performing an end-to-side jejunojejunostomy. This anastomosis should be 
at least 45 em distal to the esophagojejunostomy to prevent bile reflux esopha-
gitis. 
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A 

B 

Fig. 4·48. Stapled Roux·en·Y Reconstruction. A The open-ended Raux limb is 
passed retrocolic to lie adjacent to the esophagus. A pursestring suture is 
placed in the cut end of esophagus, distal to the atraumatic bowel clamp. 
a An appropriately sized EEA intraluminal stapler has been chosen, the anvil of 
the cartridge removed, and the instrument passed into the cut end of the Raux 
limb of jejunum. The central post is moved forward enough to evaginate the 
anti mesenteric jejunal wall. A cautery is used to create a small hole through 
which the central post is further advanced. A pursestring suture may be placed 
in the jejunum around the post, although this is usually not necessary. 
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c 

E 

C and D The anvil is replaced on the central post, then passed into the esoph
agus. The pursestring suture{s) is tied and ends cut, the anvil and cartridge are 
closed to the proper point, and the instrument is fired . E Following completion 
of the stapled esophagojejunal anastomosis, the open end of jejunum is closed 
and excess excised using a TA-55 stapler. 

o 
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Stapled Roux-en-Y Jejunojejunostomy_ A and B At least 45 cm distal to Fig. 4-49. 
the esophagojejunostomy, a functional end-to-side jejunojejunostomy is per-
formed. Small enterotomies are made to admit the two arms of a GI-A stapler. 
The instrument is approximated and fired. C and D The anastomosis is com-
pleted by distracting the two staple lines, then closing the now common entero-
tomy site with a TA-55 stapler. The final anastomosis has a triangular configura-
tion. E The final form of the stapled Roux-en-Y reconstruction includes the 
stapled closure of the duodenum. 
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